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THE 

RANGE, NATURE, AND STUDY 
OF LIVING THINGS 


I I. The Origin and Aim of this Book. § 2 . What do we Mean by Life ? § 3 . The 
Limitation of Life in Space. § 4 . Is there Extra-terrestrial Life ? § 5 . The Sub- 
ixtive Side of Life. § 6 . ^4 Preliminary View of Living Forms. § 7 . The Progress 

of Biological Knowledge. 


§ I 


The Origin and Aim of this Book 


A FEW years ago one of the writers of this 
JXbook made a summary of historical 
iiovvledge called The Outline of History. 
1(‘ dealt with all history as one process. 
Ic displayed it — or, rather, it displayed 
self as he gathered his material and joined 
ii't to part— as the appearance of life in 
taee and time, and as an achievement of 
If-kiiowledge and a release of will ; a 
)ry unfolding and developing by a kind of 
ner necessity, until at last man was revealed 
eoniing creative, becoming conscious of 
V [)ossi})ility of controlling his destiny and 
f)j)ing through kingdoms and empires and 
irs and revolutionary conflicts towards 
i(\ and power. This epic story, presented 
unly though it was, without any attempt 
literary flourishes or poetic passages, 
^ed upon the imaginations of a great 
ruber of people. It placed them in 
jtion to the whole scheme of things. It 
:ied up such historical facts as they knew 
) a whole. It explained their patriotic 
lings, cleared up their conceptions of 
riiational relationships, and rationalized 
ir political and social activities. It was 
lething for which they had been ripe, 

I were waiting, and the book had a 
:css altogether beyond the deserts of its 
ning or its literary quality. 

Icn and women turned to it from the 


i/ious outline of history upon which, 
'ciously or unconsciously, they had 
rrto based their general conception of 
Id events — the historical portion of the 
J^iJpplcniented by some scraps of 
>ical literature, and their own national 
id. I'or modern needs a history which 
i«l with barbaric mytlis, which con- 
1 ^‘d itself mainly with the tribal affairs 
Jews, which disregarded the past of 
y all the world x)utside Syria and Egypt, 
ended two thousand years ago, had 
li t insufficient. Little by little a vaster 


Genesis had been written by science, and 
unobtrusively, detail by detail, the scholarly 
excavator had opened up mightier Chronicles 
and pieced together a more splendid roll 
of Kings. A broader world had grown in 
human experience and now altogether 
dwarfs the fortunes of Palestine and the 
jurisdiction of the Caesars. For all its faults, 
its compiled quality, its pedestrian if un- 
pretentious prose and much incidental 
sketchiness, The Outline of History brought 
something of the greatness of these new 
vistas before the minds of many for the first 
time. They lived, they realized, upon a 
wider stage, and the things of the present 
in which their activities mingled had a 
greater significance than they had supposed. 

But it is not only in the field of human 
history that our science has been enormously 
expanded. Our realization of the nature 
of life, our knowledge of its processes, has 
been changed, deepened, and intensified. 
A great and growing volume of fact about 
life as it goes on about us and within us 
becomes available for practical application. 
It reflects upon the conduct of our lives 
throughout ; it throws new light upon our 
moral judgments ; it suggests fresh methods 
of human co-operation, imposes novel con- 
ceptions of service, and opens new possi- 
bilities and new freedoms to us. 

Much of this new material is still imper- 
fectly accessible to ordinary busy people. 
It is embodied in scientific publications, in a 
multitude of books ; it is expressed in tech- 
nical terms that have still to be translated 
into ordinary language ; it is mixed up 
with mas.scs of controversial matter, and 
with unsound and pretentious publications. 
Complicated with the clear statements of 
indubitable science there is a more question- 
able literature of less strictly observed 
psychology, and a great undigested accumu- 
lation of reports and statements turning 
upon current necromancy, thought-transfer- 
ence, speculations about immortality, will* 
power, and the like. Mingled with orthodox 
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physiological teaching are the doctrines of 
dietetic dogmatists, and the prohibitions 
and injunctions of religious and other 
regimens. Obscuring the facts of heredity 
there are heavy accumulations of prejudice 
and superstition. In the care of his health 
and the conduct of his life, the ordinary 
man, therefore, draws far less confidently 
upon the resources of science than he might 
do. He is unavoidably ignorant of much 
that is established and reasonably suspicious 
of much that he hears. He seems to need 
the same clearing up and simplifying of the 
science of life that The Outline of History and 
its associates and successors have given to 
the story of the past. And the present work 
is an attempt to meet that need, to describe 
life, of which the reader is a part, to tell what 
is surely known about it, and discuss what 
is suggested about it, and to draw just as 
much practical wisdom as possible from the 
account. 

Three writers have joined forces in this 
compilation, this pricis of biological know- 
ledge. They are all very' much of the same 
mind about the story' they have to tell, they 
have all read and worked upon each other’s 
contributions, and they are jointly and 
severally responsible for llie entire arrange- 
ment and text. The senior member of tlic 
firm, so to speak, is Mr. Wells, who wrote 
The Outline of History y but equally responsible 
with him are Professor Julian Huxley, the 
grandson of Mr, Wells’ own inspiring 
teacher. Professor T. H. Huxley, the great 
associate of Darwin, and Mr. George 
Philip Wells, the senior partner’s son. 
The latter is a scholar of Trinity College, 
Cambridge, who refreshes the detailed 
research he has been doing at Plymouth and 
London with this excursion into general 
statement. The senior partner is the least 
well equipped scientifically. His share has 
been mainly literary and editorial, and he is 
responsible for the initiation and organization 
of the whole scheme. Together this trinity, 
three in one, constitutes the author of this 
work. 

The reader may like to know something of 
their procedure in putting it together. 
After various preliminary discussions they 
decided that as the first concrete stage they 
should sketch out something between a 
syllabus and a table of contents for the 
projected book. With that as a guide they 
would be able to preserve a consecutive 
flow ot interest and maintain a just pro- 
portion between part and part. They would 
map out the work before them, and classify 
and apportion the very great mass of litera- 


ture and specialist publications they would 
have to digest. They would also run less 
risk of omissions, and a squeezing out of 
important questions, if, with such a sketch 
to submit, they consulted authorities less 
concentrated upon the animal biology in 
which all three of them were mainly edu- 
cated. Each made his own sketch and then 
came exchanges and discussions, and a 
wide search among their friends and in- 
terested people for comment and advice. A 
large part of a year was spent in drawing 
this outline of an outline, and in tlie end a 
system of chapters and sections was achieved, 
a framework sufficiently stable to carry the 
whole work. Here and there subsequent 
alterations, extensions, and additions have 
been made, arising out of the fact that the 
writers learnt tlrings they had not known 
and came to realize values they had appre- 
hended imperfectly, but the broad lines, as 
they were first drawn, stood the test of all 
their later reading. 

The triplex author claims to be wedded 
to no creed, associated with no propaganda ; 
he is telling what he Ijelieves to be the truth 
about life, so far as it is known now. He is 
doing exactly what the author of The 
Outline of History attempted for history . 
But no one can get outside himself, and this 
book, like its predecessor, will surely hv 
saturated with the personality of its writers. 
The reader has to allow for that, just as a 
juryman has to allow for the possible bias 
in the evidence of an expert witness or iii 
the charge of a judge. Tliis book is written 
with a strenuous effort to be clear, complete, 
and correct ; each member of the trinity 
has been closely watched by his two 
associates with these qualities in view. But 
they cannot escape or even pretend to wMiit 
to escape from their common preconceptions, 
rhe reader of this book will not have made 
the best use of it, unless, instead of acceptin^ 
its judgments, he uses them to form his ow n. 

§ 2 

What do we Mean by Life? 

We will begin our summary by asking wliat 
is meant by life ? What are its distinc- 
tive characteristics ? 

Our answer at this early stage must be 
provisional. All this work is no more than a 
descriptive contribution to the complete 
answer. But when an ordinary superficial 
man speaks of life he has a certain ^roup d 
distinctive points in his mind. Firstly, a 
living thing moves about. It may not be 
in movement continuously— many living 
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seeds lie immobile for long periods, but power disposed. To question this is to 
sooner or later they will thrust and stir, question reason, sense, and experience. If 
Life may move as swiftly as a flying bird, or he doubts of this, let him go to Egypt, and 
slowly as an expanding turnip, but it . there he will find the fields swarming with 
moves. It moves in response to an inneiy mice, begot of the mud of Nylus to the 
impulse. It may be stimulated to move, great calamity of the inhabitants.** 
but the driving-force is within. It docs not Very gradually this error was dispelled, 
move simply like dust before the wind or The mice story evaporated — the necessary 
sand stirred up by the waves. connection of flies and maggots was demon- 


And not only docs it move of itself, but 
it ibeds. It takes up matter from without 
info itself, it changes that mailer chemically 
mid from these changes it gathers the energy 
for movement. Crystals, stalactites, and 
other non-living things grow, but only by 
additions, by the laying-on or fitting-in of 
congenial particles, without any change of 
ciicmical nature or release of energy. This 
process of taking in, assimilating and using 
matter, is called metabolism. Metabolism 
and spontaneous movement are the primary 
( liaracteristics of living things. 

In addition, life seems always to be pro- 
duced by pre-existing life. It presents itself 
as a multitude of individuals which have 
been produced by division or the detachment 
of parts from other individuals, and most 
of w liich will in their time givT rise to another 
gf'iieration. This e.xistencc in the form of 
distinct individuals which directly or in- 
directly reproduce their kind by a sort of 
jiilieient necessity is a third distinction 
bi iwerii living and non-living things. Waves 
ill water or wind-ripples in sand may be 
said to rej)r()duce themselves, hut not by a 
d( laclunent and grow'th of their own 
substance : drops of oil or water grow and 
bicak up under suitable conditions, but not 
dirougli any innate disposition to do so. 
Li\jng things display an impulse to repro- 
iiice tlicmselves even in adverse circum- 
>l.mc(‘s. 

So far as our knowledge goes, life arises 
iKvays and only from preceding life. In the 
list it was believed that there could be a 
‘ spontaneous generation ” of living things. 
\nstotlc taught that plant-lice arise from 
lt( dew which falls upon plants, and that 
leas s[)ring from putrid matter. 

Alexander Ross, a charmingly assured 
'i((‘r of the seventeenth century, in sound 
'‘niioversial style, reproved Sir Thoma.s 
irowne for doubting this. “So may he,” 
“d Koss, “doubt whether in cheese and 
'liber worms are generated ; or if beetles 
"d wasps in cows* dung ; or if butterflies, 

'c lists, grasshoppers, shell-fish, snails, eels, 
'd such like be procreated of putrefied 
L which is apt to receive the form of 
' creature to which it is by formative 


strated. It was only in the middle nineteenth 
century that the concluding dispute took 
place over Bastian’s assertion that abundant 
bacterial life appeared in sterilized infusions 
of hay and other material. Pasteur and 
others demonstrated the insufficiency of his 
sterilization. Germs and protected spores 
had escaped his lx)iling. It is accepted now 
by all biologists of repute that life arises 
from life and in no other way — omne vtvum 
ex vivo. Life as we know it flows in a strictly 
defined stream from its remote and unknown 
origins, it dissolves and assimilates food, but 
it receives no living tributaries. 

Yet the distinction of what is living and 
what is not living is by no means easy. Seeds, 
small worms and microscopic animalcula can 
be dried up and left totally inert for long 
periods of time, so that it is impossible to 
distinguish them from dead organisms ; 
then at the touch of moisture they will 
resume the recognizable process of life. Do 
they live meanwhile ? 

Science has passed through a phase in^ 
which there was a sharp distinction between 
“ organic ** matter, which was cither in or 
had been produced by a living thing, and 
inorganic matter. While living things pos- 
sessed individuality, inorganic matter was 
supposed to consist of repetitions of identi- 
cally similar atoms and molecules. Certain 
modern writers, however, writing from the 
standpoint of mathematical physics, display 
a disposition to recognize individuality even 
in atoms, to speak of each atom as an 
“ organism,*’ “ simpler in nature, but other- 
wise not dissimilar to the intricate complexes 
which make up definitely living tissue. This 
is certainly pulling the word “ organism ’* 
down to the level of a much simpler structure 
than has been customary in its use. These 
writers believe that a process of complication 
is all that separates the non-living from the 
living, and in spite of the want of any direct 
evidence on the biologist’s side, they assert 
the credibility of spontaneous generation 
from their point of view. The complicated 
carbon compounds that are found in living 
things were at one lime thought only to arise 
under the influence of a “ vital force,” and 
their distinctiveness was one of the most 
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vehetnentJy asserted arguments of the vital- 
ists — until, in 1828, Wohler synthesized urea 
in the labdratory. Since that time our 
knowledge of the chemistry and physics of 
the systems that are found in living tissues 
has developed rapidly. It has been found 
possible to imitate a number of the properties 
of living things by means of artificial models. 
It is at least possible that the distinctive 
properties of living things depend simply 
upon the complexity of their molecular 
organization — in which ca^e, spontaneous 
generation, under suitable circumstances, 
is at least credible. But one fact remains, 
that all the life we know is one continuing 
sort of life, that all the life which exists at this 
moment derives, so far as human knowledge 
goes, in unbroken succession from life in 
past time, and that the unindividualized 
non-living world is separated from it by a 
definite gap. We will return to the questions 
of its origin and of its separation from non- 
living matter at a later stage, after a fuller 
account of its chemical and physical processes 
has been given. 

§ 3 

The Limitation of Life in Space 

So far as our certain knowledge goes, life 
is wholly confined to the surface of the 
planet Earth and to the few miles above and 
below its surface. Before we reach the 
summits of the highest earthly mountains 
life has practically ceased, and the bottom of 
the sea is the downward limit of the vital 
process. Within the earth is lifeless matter, 
and never in all human experience and 
observation has there come the slightest 
intimation of any life beyond our atmo- 
sphere. So far as we know, the immensities 
of space, the other planets, the suns and 
stars and nebulae know nothing of this thing 
we are studying, this something of which 
we are a part, that feels and moves of itself 
and reproduces its kind. It is a unique 
being, it appears, new and strange ; it is 
an aggressive continuing being that does as 
yet but begin in the limitless universe of 
matter. 

There is reason to believe — we shall give 
some of the considerations later — that life 
appeared upon this planet thousands of 
millions of years ago, and that it was confined 
to warmish saline water. Since then it 
has extended its range very greatly, in height, 
in depth, and into cold, dry, and desolate 
regions. And it still extends its range. It 
still presses against its limitations. 

Within the last few years men have thrust 
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themselves in aeroplanes far above the level 
of Mount Everest, and that great mountain 
itself, more than six miles above the sea, 
was perhaps conquered by G. L. Mallory 
and A. G. Irvine in 1924. They started 
from a camp pitched at a height of 26,800 
feet on June 6th and never returned. From 
this camp they werC watched high up on 
the mountain slopes still struggling onward, 
and then they were hidden by driving mists 
and never seen again. Dr. Somerville and 
Lieut-Gol. Norton, with infinite pain and 
suffering, had previously got to 28,200 feet. 
Somerville suffered horribly from the parch- 
ing of his throat in the intensely cold and 
dry air, and Norton, after his return to 
camp, was stricken with snow-blindness. 
It is probable, but not certain, that Goxwell 
and Glaisher exceeded these limits in a 
balloon in 1862, and attained something 
over 30,000 feet. They were conscious above 
29,000 feet. After Glaisher became insen- 
sible, Goxwell, by a last effort, pulled the 
valve cord with his teeth, his hands being 
too frost-bitten to use. Until recently, the 
height record for any living thing was the 
balloon record of Berson and a companion, 
made in J uly , 1901. They certainly reached 
34,500 feet, but then they became uncon- 
scious in spite of their inhalation of oxygen. 
In November, 1927, this was exceeded by 
Captain Gray, of the United States Army 
Aviation Service, who reached 42,470 feet. 
He lost his life through his oxygen running 
out as he descended. No other living 
creature, so far as our knowledge goes, has ever 
transcended these limits. The condor ol 
the Andes is credited with 23,000 feet by 
Humboldt. At the higher levels these great 
birds use the passes, flying low and close over 
the heads of travellers. 

Forty- two thousand feet, a trifle over eight 
miles, not a tenth of what a fast automobile 
can do in an hour on the level, but so far it 
is practically the limit of the upward range 
of life. Even to win that much demands 
elaborate preparation and frightful exertion. 

Three main wants restrict the living body 
to the lower levels — deficiency of oxygen 
to breathe, deficiency of pressure upon the 
exterior of the body, and intense cold. The 
Everest expeditions of 1922 and 1924 met 
the former need by taking up large supplies 
of compressed oxygen, and the same thing 
is done in the attempts of aviators to break 
the height record. Within limits the body 
of the mountain climber can be gradually 
educated to the diminished pressure, but 
the aviator runs great danger of suffering 
from an extreme form of mountain sickness. 
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Airmen who have attempted height- 
rrcords describe themselves as feeling swelled, 
puffed out, and deformed, with a painful 
buzzing in the ears. The heart beats too 
\ igorously in the attempt to send sufficient 
oxygen round the body. There may be 
bleeding in ears, nose, and lungs, and even 
h orn the eyes and gums. The mountaineer 
.ii high altitude has to exert himself, whereas 
liis flying compeer sits still ; he moves with 
.1 general feebleness, and is in a continual 
slate of fatigue. 

Major Kingston, the medical officer of the 
Mount Everest expedition of 1924, says that 
“ the very slightest exertion, such as the 
tying of a bootlace, the opening of a ration- 
box, or the getting into a sleeping-bag, was 
associated with marked respiratory distress.” 
At 27,000 feet Dr. Somerville had to take 
( ight or ten deep respirations for every step 
forward. Lieut-.Col. ?^orton at his highest 
as('cndcd 80 feet in an hour of extreme 
(xertion. 

’ris.sandier, who made a balloon ascent to 
2 7, 050 feet from Paris in 1875, fainted at 
2().3oo feet and when he recovered conscious- 
ness the balloon was descending and both his 
companions were dead. A curious apathy 
comes on the explorer at such elevations, 
lie no longer sees, hears, or acts so rapidly, 
.ind there is great loss of muscular and mental 
I)ower. Glaisher stared at his instruments, 
hut could not read them. “ There i.s' no 
suffeniig,” wrote Tissandier. “ Only an 
imeard joy.” 

The cold at these heights sinks to levels 
as low as thirty degrees below zero centigrade 
and it is extremely difficult to retain the heat 
of the body. The aviators can wrap them- 
selves amply in wool, paper, and other non- 
(onductors, but the mountaineer must not 
be loo heavily encumbered. Two members 
of the last Everest expedition died of cold, 
and seven of the preceding one were killed 
b\ an avalanche. The supreme mountain 
h(Mghts are subjected to icy winds and violent 
snowstorms and to snow and rock avalanches, 
inconveniences the aviator escapes. But the 
a\iaior has to anticipate great stresses upon 
ns machine due to the cooling and consequent 
(ontraction of the metal. The task of the 
niyinc to sustain the weight of the machine 
nx leases with the attenuation of the air. 

before the aviator has struggled to 
t K hvr-mile limit all other living things have 
^ ^ him. Insects have long since fallen 
^^nisible from his planes. No bird can 
jnnilate him, though the condor might have 
With him as high as five miles. 

^ nvnwards life is also restricted, but 


downwards it is increasing pressure and, in 
the solid earth, increasing temperature, 
against which life has to fight. - The forms 
of life familiar to us do not extend down into 
the sea for very many fathoms ; they are 
replaced by other species more adapted to 
cold and darkness and high pressure. The 
barriers set to air-breathing life are soon 
reached. A diver in a diving-dress, with 
skilful management and under good con- 
ditions, can go to about 300 feet below sea- 
level, can stay there for twenty minutes, and 
return to the surface by stages in about an 
hour and a half, provided he is constitution- 
ally adapted to the work. A naked diver 
may get to something like thirty feet and 
stay at most about a couple of minutes. A 
submarine is under similar restrictions in its 
range of submergence. 

The limiting factor to men going upward 
and downward under water is the increasing 
solubility of the atmospheric gases in the 
blood with pressure. The respiratory and 
circulatory system of a creature adapted to 
ordinary surface conditions works with 
increa.sing difficulty under high pressure, 
and a rapid return to normality produces 
an effervescence of the gases absorbed. 
“ Caisson disease ” is a disease due to this 
release of bubbles of gas in the blood, and 
its characteristic victims are divers and 
workers in the submerged caissons used in 
bridge and breakwater construction. Its 
symptoms are various, depending upon the 
part of the body in which the bubbles happen 
to be released, and include fainting, vomiting, 
deafness, inability to breathe, paralysis, pain 
of the joints and muscles, and sometimes 
sudden death. At the St. Louis Bridge, under 
a pressure of four and a half atmospheres, 
one hundred workmen suffered seriously 
and fourteen died out of a total of six hundred 
men employed. 

Because of this relationship of living things 
to limiting pressures, there is a very con- 
siderable restriction in the movements of all 
life in the sea. We arc too apt to think of 
whales, and so forth, plunging into the 
aby^ and rushing up to the surface with- 
out inconvenience. Such familiar creatures, 
however, soon descend to definite limits ; 
they do not go down to the lowest deptlis. 
Whales live deep — astonishingly deep, when 
the pressures upon them are considered. 
They have peculiar reticulations of their 
blood-vessels which may serve to case off 
the bubbling of gas as they rush up to the 
surface again after a prolonged submergence. 
The Greenland whale, says R. W. Gray, 
can get down to 800 fathomi, the best part 
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of a mile, to judge by the length of line a 
harpooned individual will reel out. But 
this depth is not equal to the height of such 
a winter resort as Arosa 

Anything normally enclosing air or other 
gas, such as the strands of a rope or a piece 
of woolly fabric, is flattened out at great 
depths. If a ship’s hawser, says Professor 
J. Arthur I'homson — a hempen hawser, of 
course, is meant — is sunk to the depths of a 
couple of thousand fathoms, it is squeezed 
to less than the diameter of one’s wrist, 
and a piece of wood that has gone down so 
far will no longer float. Whatever lives at 
great depths — if it contains air or gas — must 
have its internal pressures as great as those 
about it. 

Oceanographic exploration shows us that 
there is a definite zoning of life in the abyss, 
the creatures of the deeper levels being 
adapted to the peculiar conditions of their 
particular level. They can no more come 
up than the surface life can go down — until 
it dies and drifts slowly to be eaten by the 
inhabitants of the lower darkness. Some- 
times, however, some of the deep sea fishes 
fall upward. Many of them, like their 
surface kindred, have swimming bladders 
to accommodate themselves to varying levels. 
These bladders contain gas under enormous 
pressure. If one of the abyssal fishes rises 
too high in pursuit of its prey, the gas in its 
bladder may expand out of control of the 
muscles. The fish can no longer go down, 
but continues to rise helplessly, and as it 
rises to levels of less and less pressure, the 
expansive force of the gas witliin is less and 
less restrained, until at last the creature 
rushes up to the surface and arrives there 
distended or burst and dead. 

The ocean at its deepest goes down 
perhaps for seven miles. Life, therefore, 
so far as we know, is confined to a layer 
of air and a layer of water, having a total 
thickness of less than fourteen miles, on this 
comparatively small planet Earth, and no 
one single form of life is able to span even 
these petty limits. Man’s vertical range 
seems to be as great as any creature’s and 
it is no more than eight miles. In all the 
wilderness of space outside this double film 
there are only the very faintest suggestions 
of the possible occurrence of life or of any 
processes parallel with and comparable to 
life. 

§4 

Is there Extra-terrestrial Life? 

Speculation about life in extra-terrestrial 
space has occupied itself mainly in a search 
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foi^ conditions similar to those recognized 
as the limiting conditions of life upon earth. 
Something like a wetter, hotter parallel 
to earthly conditions may be found upon 
the surface of the planet Venus, but the 
atmosphere of that planet is so continu- 
ously clouded, that it is impossible to 
obtain any confirmatory glimpses of 
vegetation or other living stuff. Slight 
changes of tint have been observed upon 
the surface of the moon and might just 
possibly be due to a transitory growth of 
plant-like organisms during the long sunlit 
day of that satellite. Mars displays recti- 
linear double markings, the “ canals,” so 
unlike any other natural fissur^ in their 
straightness, that they have been ascribed 
to the engineering of intelligent beings, and 
there are also changes of colour upon the 
Martian surface that may be caused by 
the growth and ripening of irrigated crops. 
Mars has snow-caps which expand and 
contract as the Martian winter comes On 
and gives place to the Martian summer, and 
the canals may conceivably distribute the 
thawing water. 

But if indeed there arc living things upon 
these Other members of our solar system, they 
must be profoundly different in many ways 
from terrestrial life. It is doubtful if they 
could be transferred to terrestrial conditions 
and live, or if much or any terrestrial life 
could be transplanted to and acclimatized 
on the moon or Mars. The mass of Mars 
and still more so the mass of the moon is 
much less than that of the earth, the gravi- 
tational energy at the surface of either planet 
would be less, the atmospheric pressure 
would be much less, on the almost entirely 
airless moon it would be practically nil, 
and so the weight of a living body and of its 
parts and fluids would be much less there 
and the pressure on its surfaces very much 
less. The lungs of a terrestrial animal would 
be unable to get air enough to breathe, the 
gases dissolved in the fluids of the body 
would effervesce and expand and blow out 
all its closed cavities, our joints would lock, 
the heart would drive the blood through 
the membranes that are sufficient to contain 
it on earth, and we should bleed in our 
lungs, in our throats, eyes, ears, and be 
choked with blood. On the other handy a 
man reconstructed to walk on Mars would 
be crushed to death by his own weight on 
the earth. Life on Mars would have to be 
so different in its character from the life 
we know, that one would almost need another 
word for it. If we called terrcstml life 
Alpha life, we might call the life-parallel 
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on Mars Beta life, an analogous thing and 
not the same thing. It may not be indi- 
vidualized ; it may not consist of repro- 
ductive individuals. It may simply be 
inobile and metabolic. It is stretching a 
])oint to bring these two processes under one 
identical expression. 

Moreover, if once we begin to speculate 
; I bout the possibilities of something not 
exactly life as we know it, but analogous 
in its complexity or activity, to life, we are 
.11 liberty to entertain, so far as the sciences 
(if chemistry and physics arc concerned, a 
limitless variety of imaginary parallels. 
Life as we know it seems to be attached to 
and dependent upon, in ways we will 
presently investigate more fully, complex 
( liemical compounds of carbon, nitrogen, 
iivdrogen, oxygen, and other elements ; but 

are really not limited to such compounds 
nor to the limiting temperatures and pres- 
sures within which they can play their parts, 
once we allow our minds to move beyond the 
lili' we actually know. We can conceive 
MiRurly of silicon playing the part of carbon, 
sulphur taking on the role of oxygen, and 
so fbrth, in compounds which, at a different 
/(■w/w under pressures and temperatures 
beyond our earthly ken, may sustain pro- 
resses of movement and metabolism with 
ilie accompaniment of some sort of con- 
sriousness, and even of individuation and 
ir|iroduciion. We can play with such ideas 
and evoke if we like a Gamma life, a Delta 
life, and so on through the whole Greek 
alphabet. Wc can guess indeed at subcon- 
sn.iiis and superconscious aspects to every 
"laierial phenomenon. But all such excr- ; 
nses strain the meaning of the word life i 
iiniards the breaking-point, and we glance i 
at them only to explain that here we restrict i 
ciir use of the word life to its common every- < 
( a> significance of the individualized, repr^ j 
<lii( live, spontaneously stirring and metabolic i 
Ix'inss about us. ^ 

In a recent survey of the whole universe \ 
known to physics. Sir J. H. Jeans, the brilliant a 
(K ary of the Royal Society, summarized e 
"■ 1 elation of life as we ordinarily conceive o 
‘ to that universe in its entirety. “ The h 
P p sical conditions,” he said, “ under which U 
I IS possible form only a tiny fraction of the a 
■ 'be ot physical conditions which prevail ai 

111 1 Mr rw~ti * 


life to the small range of physical condition! 
in which the licjuid state is possible. Oui 
survey of the umverse has shown how small 
this range is in comparison with the range 
of the whole universe. Primeval matter must 
go on transforming itself into radiation for 
millions of millions of years to produce an 
infinitesimal amount of the inert ash on which 
life can exist. Even then this residue of ash 
must not be too hot or too cold, or life will 
be impoMible. It is difficult to imagine life 
of any high order except on planets warmed 
by a sun, and even after a star has lived its 
life of millions of years, the chance, so far as 
we can calculate it, is still about a hundred 
thousand to one against its being a sun 
surrounded by planets. In every respect 
^pace, time, physical conditions — ^life is 
limited to an almost inconceivably small 
corner of the universe.’* 

It is limited ^ yet, but it is still premature 
of us to define its final limitations. It seems 
that life must once have begun, but no 
properly informed man can say with absolute 
conviction that it will ever end. 


irul . wiucn prCVail 

‘ I lie umveneas awholc. The very concept 
bn ' ' in time ; there can 

tnd"" change their 

,,n nulhons of times a second and no 


M iii r «***%-» » aiiu no 

in s, ^ certain mobility 

1 ICC, and these two implications restrict 


The Subjective Side of Life 

One characteristic of life we have not yet 
noted. We know it directly only in our 
own individual cases ; we infer it in the life 
about us ; we suspect its extension to all life 
and perhaps even beyond the limits by 
which we have here defined life. This is 
lecling. We react to external stimulus, and 
we^not ody react but feel. We are conscious 
and we have every reason to suppose that 
a great proportion at least of the living 
creatures about us are conscious too. When 
w see an oyster close its shell at the jabbing 
of a stick or a lobster search with its feet 
and pincers for a fragment of food, it seems 
natural to assume that these creatures also 
are feehng after the fashion in which wc feel 
when we recoil from disagreeable or respond 
actively to agreeable sensations. Wc never 
experience any but our ovra feelings: all 
our belief in the feeUngs of other beings is 
based on the analogy of their movements 
to our own. Wc seem to detect shrinking 
and appetite even in the microscopic 
amoeba, and Sir Jagadis Chandra Bose, by a 
system of ingenious measurements, shows 
how even plants appear to be elated or 
dcprcffled by the application of favourable 
or unfavourable substances, how they will 
seem to shudder at this or writhe at that 
in a fashion suggestive of feeling. But even 
a wire spring can be made to mudder at a 
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touch. For all wc know there may be 
gladness in dancing waves and a real 
freshness in the sunrise itself. 

So far as our knowledge goes all feel- 
ing, all consciousness, requires concurrent 
material changes ; we do not know of 
feeling without material change in ourselves 
or in those others who tell us of their sensa- 
tions. We have already hinted that the 
converse may also be the case, and there 
may be no material change without feeling. 
But on one point let us be clear. When we 
attribute feeling to an oyster or an amoeba 
we do so because it behaves to a certain 
bctent like ourselves, and we imagine such 
feeling as resembling our own to the same 
degree as the behaviour resembles our own. 
When we attribute feeling to a material 
change, on the other hand, we are led to do 
so not by sympathy but by logic. One 
cannot imagine any sort of intelligible 
emotion in a piece of zinc that is dissolving 
in hydrochloric acid ; one does not suspect 
litmus of shame because it blushes at the 
touch of vitriol. The idea of feeling in 
inorganic material processes is an almost 
mathematical abstraction ; it involves con- 
siderable extension of the usual meaning 
of the word “ feeling.” This point will be 
clearer when we have dealt with the texture 
and structure of living substance, and 
particularly of brains, sense-organs, and 
nervous tissue. We will study them and 
their behaviour as far as we can before we 
bring feeling into our discussion. But we 
note this internal aspect of life here merely to 
explain that for a time it will be convenient 
to disregard it and view living things from 
an entirely external standpoint. When we 
have built up a coherent picture of the forms 
and behaviour of life as they appear outside 
ourselves we shall be in a securer position 
for the correlation of that visible world 


derived from the atmosphere and the soil, 
while animals moved about freely and 
needed to feed upon the substance oi other 
living things. There would probably be a 
difficulty about sponges and one or two other 
such things — sea-anemones, for example, 
and sea-mats — whether they were plants 
or animals, and an exception to the general 
greenness of plants would have to be made 
in the case of fungi. Further questioning 
would elicit further difficulties in maintaining 
the distinction of plants from animals, whicli 
had at first seemed so plain and clear. It 
had seemed all right on land amid familiar 
surroundings, but as odd corners of the 
world, beaches, and rock-pools, dark shadows 
and festering corners of decay in forests, 
were explored, the first easy assumptions 
would have to be modified. 

Moreover, if the question of what sorts 
there are of animals were next taken up, 
there would perhaps come the traditional 
answer of “ Birds, Beasts, and Fishes." 
Are men animals? A question much de- 
bated. And are these three classes inclu- 
sive ? Some further sorts of animals would 
be named. Insects would be noted, worms, 
“ creeping things ” such as spiders, lice, 
and so forth. The “ so forth ” would be 
found to be a rather expanding and varied 
division. “ Fishes ” also would have to be 
stretched beyond its original intention when 
one thought of lobsters, starfish, and oysters. 
And what was a frog or a crocodile ? A 
“ beast,” perhaps, but lacking the familiar 
protection of hair or feathers, and with 
no warmth of blood. To the ordinary man 
living a commonplace life in a town or in 
the countryside, the birds, beasts, and finny 
fishes would still seem to be so largely the 
bulk of life, that it would be a strange and 
difficult thing to hear that life had been 
active and varied for millions of years before 


with the far more mysterious world, outside 
the frame of time and space, which sees and 
knows. 


§6 


A Preliminary View of Living Forms 


Let us now consider how life in general 
as an external phenomenon presents itself 
to an ordinary intelligent human being who 
has had no special instruction in biology. 
In response to the question, what were the 
chief sorts of life, such a person would 
probably answer, plants and animals, and 
explain that plants were green-coloured in 
whole or in part, were rooted to one place 
and fed chiefly upon non-living matter 


ever a bird or a beast or a leafy tree or a 
flower existed. They are the living setting 
of our world now, they arc an essential 
familiar part of our existence as those others 
are not. Our race has built its mind, its 
fears, panics, fables, and beliefs on fur and 
feather and fin, and it is hard to think of a 
whole world of animated existence without 
them. From them wc go to the stranger 
creatures and to them we return, as one 
returns to one’s home from unfamiliar places. 

Aristotle we may take as standing in tbs 
matter on the dividing line between the 
unsystematic intelligent person and the 
systematic inquirer. He was . ^pne of the 
earliest men to become systematic. He IcH 
no complete classification of animals, but he 
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( ('ms to have divided them into those with 
- d blood and. those without. The former 
!)( subdivided into (i) Mammals (beasts), 
vJio bring forth their young alive, into which 
< i.iss he put men ; (2) Birds ; (3) Four- 
i.K)ied or creeping things (reptiles and 
, amphibia) which lay eggs ; and (4) Fishes. 
The animals without red blood he referred 
10 (1) a soft-bodied group, in which he put 
ihr octopus and squid ; (2) a “ soft-shelled 
division of lobsters, crabs, shrimps, and such 
like, with jointed bodies and limbs ; (3) 
insects, with which he included spiders and 
,s( orpions ; (4) creatures with hard, pro- 

i('( tive outer shells like the snail, murex, 
oyster, and sea urchins ; and (5) zoophytes 
or plant-animals like sponges and sea- 
.inemones. Later we shall give a contem- 


drama of movement, metabolism, and repro- 
duction which marks it off from the mineral 
kingdom and from all the interplay of 
inamrnatc Nature. And, perhaps, in endless 
variations it plays also upon the themes of 
conscious and subconscious life, it dreams 
and slumbers in the plant or in the motionless 
fish, or drinks deep of contentment or flashes 
into frenzies of desire and delight and terror 
in hunter and hunted, in basking snake 
or playing cub or singing bird. And the 
writing and reading of this book and the 
thought-process behind these things are 
life also. All these aspects must receive 
our attention in the general review of^ 
current biological knowledge we are now 
undertaking. 


porary classihcation which has replaced this 
picliminary survey of living forms. 

Wliai we find as we study the history of 
.'ininial classification down to the present 
(lay is a very slight variation of the original 
classification of the more familiar animals 
and a steady increase of classes and distinc- 
tions among odd and less familiar forms, 
'i’lic naturalist kept opening up new depart- 
ini nts with a sort of reluctance, as odd, 
intractable, unclassifiable riddles were forced 
upon his attention. Always until quite 
recent times in every classification there 
would be a kind of ragbag class, “ Vermes,’* 
" Radiata,” or “ Zoophyta,” into which all 
the residue of “ puzzles ” would be thrust. 

1 list came a fine array of kindred species, 
varying agreeably round some well-known 
(cntral form, hundreds of bird species and 
hundreds of fish species, clearly named and 
brightly depicted, and then at the end a 
deprecatory jumble and muddle of non- 
conformists. The systematic botanist kept 
a similar dump. He made a lovely classi- 
fication of flowering plants, he never tired 
of arranging them and then hurled all the 
awkward cases together into a division of 
Cryptograms” which had nothing in 
j f'inmon except that they had no flowers to 
‘J diied and put neatly between sheets of 
Mitiing paper. It is among these queer, 
oiii-ol-thc-way, low-caste flowers and plants, 
shall see, that some of the most inter- 
and illuminating work of modern 
has been done. 

biom the green scum on a dank garden 
[RY- 1 V ^^prnon in all his glory, from the 
)f n / from the swarming millions 

gnnis in a poisoned finger to the tame 

nt('sti!'^ 1 Zoological Gardens, from 

0 v\ li 1 . rosebud, and from lichen 

' T file plays in endless variations that 


§ 7 

The Progress of Biological Knowledge 

Biology, the science of life, was practical 
before it became systematic. Man was a 
biolo^st perforce long before the dawn 
of history, classifying plants into edible 
and inedible, and accumulating a lore 
of the ammals he hunted, and perhaps 
of the animals that hunted him. In the 
Old Stone Age, perhaps twenty thousand 
years ago, he was already making very 
competent drawings of the beasts that 
concerned him. 

The Neolithic Age must have been a time 
of active biological enterprise. In a few 
thousand years man carried out a very large 
amount of experimental work, he domesti- 
cated and tamed nearly every animal that 
has ever been tamed or domesticated, and 
he began deliberate breeding. Mythology 
hints at a disposition to attempt the most 
extraordinary hybridisations. Every con- 
ceivable combination of domesticated species 
was probably attempted by Neolithic man. 

The vigorous days of the Greek republics 
and the Hellenic empire of Alexander saw 
the dawn of modern science. It was a 
period of immense curiosity, which declined 
only as the dark shadow of Roman Imperialism 
fell upon the Mediterranean world. There 
was an organized search for facts by Aristotle’s 
agents under the patronage of Alexander, 
rhe first museum was, as the name implies, 
dedicated religiously to the Muses, and the 
earlier collections of curiosities were in 
temples. Hanno, the Carthaginian, after his 
memorable coasting voyage about Africa, 
hung the skins of his gorillas in a temple 
with an inscribed record. 

Hellenic science during its phase of energy 
achieved some remarkable things. We hear, 


II 



INTRODUCTION 


for the first time, of dissection and of vivi- 
section at Alexaildria. Men were beginning 
to pry into the mechanism of these sympa- 
thetic creatures so like and yet so unlike 
themselves. The question whether vivi- 
section was actually performed upon human 
Subjects in Alexandria is still an open one. 
'A little later than the Hellenic spurt came 
a phase of botanical exj>crimentation, and 
particularly of experiments in acclimatiza- 
tion and plant-collection under j^ok^L, in 
India. The^ four centuries"*^forc” Christ 
were years of exceptional stir and expansion 
in the intellectual 
world. But as the 
vast organization of 
Rome wasted Sicily, 
North Africa, Greece, 
Egypt, Asia Minor, 
Spain, as it staggered 
through its brief un- 
easy centuries of feasts, 
circuses and general 
grossness, to collapse 
at length into barbaric 
confusion, the impetus 
of that intellectual 
dawn died away, and 
the first harvest of 
biological knowledge 
shrank to neglected 
manuscripts in the 
libraries of the ac- 
quisitive illiterate, and 
was well-nigh for- 
gotten. 

The biolo^ of that 
first phase of scientific 
activity was not per- 
haps so remarkable on 
the whole as its astro- 
nomical and mathe- 
matical achievements. 
The dissection under- 
taken was not suffi- 
ciently systematic to 
leave the world a thorough collection of 
drawings and traced connections, and no 
special results seem to have accrued from the 
vivisection done. It seems to have been a 
very occasional effort of curiosity. It is 
remarkable that no resort was had to any 
magnifying contrivance. The use of a water- 
flask for magnifying objects may have been 
known, and probably was known, to the 
jewellers of ancient Egypt, but it never 
^eems to have got through to the phiWo- 
( /phers. Guild barriers and class restrictions 
(may have prevented the necessary inter- 
I course between learning and technical skill. 


The onset of Christianity and Christian 
monasticism in the declining Romanized 
world helped to check the development of 
biological curiosity. Neither secular ait nor 
secular learning had a place in the Christian 
scheme of salvation. And concurrently with 
the spread of Christianity came a deepened 
sense of sin, an enhanced fear of* lurking 
snares and temptations, which cramped 
enquiry. This or that knowledge miglit 
perhaps prove to be forbidden and unholy 
knowledge. The Greek mind had attained 
a fairly free, candid, and experimental 
attitude towards thought ^ in Athens and 
Alexandria between the fifth and third cen- 
turies B.C., but the mind of the decaying 
Roman Empire, and still more so that of 
the confused centuries that followed, was 
obsessed by a sincere terror of the Tree 
of Knowledge. The dissection of animals 
could no longer be thought of as a frank 
examination of something curiously and 
fascinatingly hidden ; it was a process 
touched with a quality of monstrosity, a vile 
prying into entrails for base and evil ends, 
best done in the dark of the moon. These 
feelings were not in the least humanitarian ; 
they did not deter the medieval world from 
the most liberal use of rack and thumbscrew 
and every form of torture, nor from the 
infliction of death in exquisitely painful 
forms, but they made men recoil from the 
cool and deliberate investigations of the 
anatomist’s knife. Why should you cut up 
a man, unless you hated him and wanted to 
triumph over his poor remains ? ^ That one 
could understand. To dissect things simply 
in order to sec and know was to defy the 
powers that had hidden his own interior 
from man. It was presumption. It was 
not good, honest cruelty ; it was pride and 
impiety to do such things. 

Let us not suggest that the restriction 
upon intelligent curiosity, the submergence 
of the first beginnings of scientific biology 
in Europe and western Asia by the Roman 
civilization, was the coming of a new and 
unprecedented darkness upon thq human 
mind. Still less would we attach any 
specific blame to the spread of Christian 
doctrine as such. Quite outside the Christian 
movement, the Roman world was pervaded 
by a general drift towards magic and super- 
stitious squalor. The Pagans just as mue ^ 
as the Christians felt the fear and fascination 
of things forbidden. It was a relapse n 
a congenial obscurity from which man nn 
for a brief period emerged* . The grea 
age of Greece was ajSL exceptional rclea 
of intellectual courage in the ancJicnt wor 



Fig. I. One of the 
first biological micro- 
scopes — an instrument 
made and used by 
Anthony van Leeuven- 
hoek (1632-1723). 

The magnification {up to 
160 diameters) u accom- 
plished by a single lens 
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\lan has alvvays been, and still is, disposed, 
IK i'haps instinctively, to suppression and 
nanic at plain statement ; it is the hardest 
i isk of the educationist to train him to look 
j K is in the face. He is curious by nature — 
MS, l)ut he is meanly and furtively curious. 
tl( does not like to be caught looking or 
saspected of thinking. About the body a 
( k anly frankness is the last achievement of 
nil! civilization. There are millions of 
p( ()ple in the world who have never contem- 
])l.ited themselves unclothed in a mirror, 
and would not willingly do so. Many 
K lioious orders deny their votaries an entire 
I )a t ii . There is a real natural and instinctive 
1 ( sistance to biological knowledge in the mass 
(i{ mankind, and the nearer that knowledge 
a ppj caches to our own minds and bodies, 
tli(‘ intenser the resistance becomes. 


tricably mingled. From the studio and the - 
private investigations of dissatisfied medical 
men, far more than from the bookish study, 
did the modem science of life arise. Modern 
science owes more to art and natural 
curiosity and less to literature and philosophy 
than is commonly understood. 

The geographical exploration of the fif- 
teenth and sixteenth centuries was an 
enormous stimulant of biological work. 
The invigorating influence of practical 
benefit was supplied by the acclimatization 
of new food plants, the application of new 
medicinal substances, the production and 
importation of such commodities as cancrii^ 
sugp, tobacco, tea, coffee, and a great 
variety of economically valuable novelties. 

The development of the microscope in the 


J'hc resistances to knowledge are not 
incicly passive. It is not only tliat most 
h liman beings arc indisposed to know and 
1( am ; they are afraid of and hostile to all 
ilial they do not know and they seek to 
pi event it in otliers. The human mind is 
much more tortuous and indirect than it 


will consciously admit ; it often fails to 
understand its own motives. Since the 
i^ieat revival of scientific work in the six- 
teenth century there has been a steady 
undercurrent of deprecation and antagonism 
which rises very easily to active obstruction 
and suppression. The self-love of the ignor- 
ant has demanded that the man of science, 
111 {day and story, should be caricatured, 
iidiculed, and misrepresented. From Laputa 
to the Pickwick Club, British literature, for 
c.\amf)le, spits and jeers at its greater sister, 
and to devote a life to science and the service 
ol truth is still to renounce most of the 
toiumon glories and saUsfactions of life for a 
li ird and exalted mistress. But wliile*the 
pomps and glories of every other sort of 
lumaii activity fade and pass, the growth 
thin ^ continuing and immorted 


he revival of biological enquiry and free 
Jioo^ncal teaching became remarkable in 
It sixteenth century. An increasing num- 
0 active minds directed themselves to 
'iseningj classifying. Art 

‘ s »ccoining observant and more sedulously 
presc ntative. Dissection at first was quite 
iimc artistic as medical and surgical 
f)uri^r - There is a strong decorative 
:;ol|L?^ many early science 

not consisted of “ curiosities,” 

ihe student, turning over 

J jo eboob of ^nardo da Vinc^ finds 
artist Sd scientific man incx- 



Fig. 2. The microscope with which Robert Hooke 
(1635-1703) discovered vegetable cells. 

The microscope itself is on the right ; on the left are a lamp 
and a glass globe filled with water , for focusing a spot qf 
brilliant light on to the object under examination. {This 
and Fig. i by coutiesy of the Royal Microscopical Society of 
London). 

seventeenth century meant a mighty enhance- 
ment of scientific observation. It revealed 
not only a whole new world of unsuspected 
life-forms, but a thousand structural secrets 
too fine for the scalpel. In many of its 
branch^ the advance of biology has been 
determined by the progress of microscopy. 
A third great mine of contributory knowledge 
was opened up by the study of fossils, of 
which Nicholas Steno (1638-1686) was the 
pioneer. - 

Biological science remained largely ob- 
servational for three centuries, passing 
slowly from the development of botanical 
and zoological gardens and the industrious 
collection of shells, bones, fex^, flowers, 
fruits dried and preserved, spedmexis of all 
sorts, to dissection and the microscopic 
examination of tissues and living structure, 
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and so on to the subtle and ingenious analysis 
of all this ordered accumulation of facts and 
relationships. 

Experiment has gone on from the seven- 
teenth century, and since the middle of the 
nineteenth it has become the leading strand 
of biological work. Before that there were 
trials of this or that substance or device upon 
a living subject, vivisection to test deductions 
from observations, and a certain amount 
of exploratory experimenting, but there was 
no wide progressive continuum of experi- 
mental work. In the middle of the nine- 
teenth century the Abb6 Mendel made a 
series of breeding experiments, the full 
importance of which was not recognized at 
the time. The work was revived about the 
beginning of the present century and became 
the starting-point for a great activity of 
experimental breeding of poultry, rabbits, 
mice, guinea-pigs, flics, and plants of many 
sorts, types which reproduce with sufficient 
frequency to make possible the observation 
of a series of successive generations. Work 
upon the living subject became more and 
more frequent and relatively more important. 
Increasing delicacy of manipulation, particu- 
larly under the microscope, has, for example, 
rendered directive interference with the 
development of the eggs of many creatures 
a practicable thing, and much work has and 
is being done upon detached fragments of 
still living tissues, carefully kept alive in 
nutritive solutions, and upon the grafting 
of tissue from one organism upon another. 
As the task of observing, classifying, com- 
paring, and recording the forms of life 
approaches completion, experiment will be- 
come more and more the normal method of 
progress. 

Antagonism to biological knowledge is by 
no means dead. There is a constant 
struggle to keep physiological or pathological 
information from people who might put 
it into beneficial practice, and to prevent 
the complete discussion of such questions, 
for example, as the possible control of the 
pressure of population upon the reserves 
pf the community. There is little or no 
Reasoned justification for these suppressions, 
an some of the more backward regions of 
(the United States, moreover, there is a 
formidable campaign for the jjenalization 
of any biological teaching that may seem to 
run counter to the literal interpretation of the 
^Bible. A more intimate and dangerous 
attack upon biological progress is the sus- 
tained agitation to forbid experimentation 
upon living animals for scientific ends. Such 
experimentation is very rarely painful ; in 


most civilized countries it is carried out 
under conditions that ensure its restriction 
to sane and intelligent operations, and tho 
necessary publication of its results is a 
guarantee against any possible abuse of the 
confidence reposed in the investigators. 
The word “ vivisection ” is itself an unfor- 
tunate one. It intimates the cutting up 
alive of a sensitive, terrified, and helpless 
animal, and that never occurs. The “ anti- 
vivisectionists,” however, wrung by ilic 
horrible suggestions of the word, do seem 
to believe, in spite of all evidence to the 
contrary, that this is the normal method of 
experimental biology and the anti-vivisection 
campaign displays all the unscrupulous 
exaggerations natural to tender and imagina- 
tive minds tormented beyond any possi- 
bility of patient and sober judgment. The 
older descriptive work in biology, based only 
on collection, classification, and anatomy, 
seems to be unlikely to achieve much mor(^ 
without co-operation with more modern 
branches of research. 

Meanwhile a new province of observa- 
tional and experimental work, ecology— the 
observation of animals in their proper sui- 
roundings and of their normal interaction 
and ways of life, and what one may call 
field physiology — is being very extensively 
developed. Men of intelligence are takinj; 
cameras and building watching-shellers 
in forest and jungle and prairie, where 
formerly they took gun and trap and killiiig- 
botde. Zoological gardens are being recon- 
structed and enlarged, so that, while formerly 
the animals were exhibited as specimens, they 
arc now watched going about their normal 
affairs. 

In place of the encyclopaedic zoological 
gardens of yore, placed often in the proximity 
of great cities, with their smoky air and 
abundant contaminations, governments are 
now setting up reserves and small stations, 
here, there, and everywhere, in which 
particular species and groups of species 
may be observed less for structure than 
behaviour. This sort of observation passes 
insensibly into experiment — experiments in 
behaviour, experiments upon habit and 
intelligence, experiments in physiology. 
Parallel to these modern zoological garclcns, 
the modern botanical garden expands from 
the old obsession with specimens. There 
are now even bacteriological zoos, so to 
speak, where collections of living cultures 
of this, that, and the other infection are 
available for the experimentalist. Hum^i” 
psychology has also teome observational 
and analytical in the pasfquartcr of a century 



tul has been brought into closer touch with 
iu rvous physiology on the one hand and 
, Itli the behaviour of animals on the other. 
; , , summarize the accumulating harvest 
, the army of workers now busy in all these 
( Ids is the task we have set ourselves. 

\Ve shall begin by giving an account of the 
iiuciure and general life-processes of the 
nost familiar of living things— man. After 
ii.it wc shall take an ampler view of the 
oiins of life, to revise; the popular classifi- 
.ition we have cited in the preceding section. 
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Wc shall then be in a position to study the 
reactions of life upon life and its general 
evolution. Wc shall consider life in health 
and disease. Then wc can come to the 
finer questions of feeling and thought, to 
man as a biological type, and to the huge 
expansion of his range during the last million 
years, wWch has made him now the master 
and main representative of living matter. 
And so to life as wc know it in the city and 
the street, the home and the laboratory, and 
its outlook towards time to come I 
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§ I 

The Fundamental Routine of Two Living 
Creatures 

W E shall begin this work as we shall end 
it, with man. There our interest in 
lil( begins and there it culminates. First we 
shall review what is apparent and what is 
known about his life, in broad general terms. 
All this work, The Science of Life^ is sustained 
1)\ the question of what life is and what its 
possibilities are. And to begin with, we 
ha\T to consider its material facts, to ask 
how tliis body, which is either itself life 
or the expression of life, moves and acts 
upon surrounding things. To do so, we 
ina) have to go over many facts that will be 
more or less familiar to most educated people. 
Ne\ertheless, they may find it advantageous 
to I tin over what we have to say to refresh 
<ind define their knowledge. We shall find 
hrsi that the human body is a machine, 
anu nable to the same chemical and physical 
knvs as most of the machines man makes 
himself for his own ends. But next we shall 
jealize that it is far stranger and more 
(omplicated than any machines that have 
evei been contrived by human agency. 
And, thirdly, we shall find it is a machine 
which docs its own repairs, sees to its own 
liielhngand lubrication — though many auto- 
mobiles attend to the latter need nowadays — 
-md has the capacity of making new machines 
to icplaec itself. 

l or the most part we shall be writing of 
Man in the opening book. But there are 
close similarities to him in most of the familiar 
uiimab about us, and occasionally it will be 
cniuenierit to cite the ape, the dog, the 
and the mouse, to fill in gaps of our 
description. 

bet us first take a Man, Mr. Everyman, 
ind ( onsidcr certain familiar but sometimes 
disregarded aspects of his daily life. We will 
nothing here of his loves and hates, his 
d' earns, and his political opinions. That 
JiHist (ome later. Wc will consider him first 
rnoving body and note little but the 
‘‘cts that illuminate the mechanical pro- 
^^sses oi his being. 

we will assume, a denizen in a 


modern city, who works as people say for 
his living. We will commence our obser- 
vations * while he is still asleep. On the 
stroke of seven he is roused by his persistent 
alarm-clock. He stirs and grunts and, since 
it will continue its clamour until he presses 
the release, and since he has deliberately 
placed it out of reach at the far side of the 
room, he is forced to get out of bed. Mechan- 
ically he turns to his ablutions. He washes 
his face and neck and he brushes his teeth; 
probably, unless it is Sunday or some other 
red-letter day, he does not worry about the 
rest of his anatomy, for that will be effectively 
concealed by his clothes. Perhaps as he 
dresses he is reminded of that slow, relentless 
change that no man can stay — he may drop 
his comb and note that he cannot stoop as 
swiftly and supplely as he used to do ; he may 
look carefully in the glass and pluck a white 
sheep out of his flock of hair ; if he is very 
young he may pride himself on the firm 
manly lines that are appearing on hb brow 
and round the corners of hb mouth. 

By the time he is dressed and brushed he is 
well aware of a clamour from his own inside — 
from his digestive organs ; and they have 
to be silenced and kept busy before he can 
attend to anything else. It is a very persistent 
clamour. It is even more persistent than 
hb alarm-clock. He might stop his alarm- 
clock and go to bed again without immediate 
inconvenience, but hunger goes on. It is his 
machinery demanding fuel. And so he 
turns to breakfast. For a time his attention 
is divided between swallowing to satbfy 
hb interior need and reading the newspaper 
to employ a mind which might otherwise 
be bored while this primary business pre- 
occupies him. Then he sets out to his 
work. 

It may be that he spends hb morning at a 
desk, or behind a counter, or in some 
physically arduous employment. He may be 
one of tho^l rare, fortunate individuab who 
have an occupation that they enjoy. Wc 
will not dbcuss here how he expends hb 
encr^. For most men that takes the form 
which is called earning a living. He is 
making his food supply secure. Sooner or 
later he finds hb energy slackening, hb 
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attention wandering. His digestive organs 
arc calling for attention again. 

So out he goes to lunch and then ba^ 
again to his d^, or wherever it is that he 
works. Many people arc doing the most 
various things about him in the City, but the 
lunch hour calls to them all. At lunch again 
he may seek the distraction of a b^k or 
paper, or talk v^th companions. There, 
perhaps, is something not quite like a 
machine. But whatever else he docs, he 
eats. Before he goes to bed he will have to 
answer that imperious demand from witlun 
again. He may answer it once or jw^ce. 
Three or four times a day he loads hw 
stomach to keep his wheels going round— and 
several times, we must note, he has to 
deposit the residue of their working m 
appropriate places. There we have the 
fundamental and unavoidable clement ot 
his routine. And of everybody’s routine. 
Saint and sinner, plutocrat and proletarian, 
judge and . criminal must all observe a 
similar round. All men must eat. All the 
rest of their activities are secondary to this 
daily necessity. These activities may vary 
endlessly with the accidents of private 
fortune and the chances of the day. On any 
particular day our Mr. Everyman may work 
or not ; he may exhaust himself in his daily 
employment or be urged by a superfluity of 
energy to play, to seek amusement, make love, 
or quarrel. He may find such a sedative 
drug as tobacco useful in slowing down the 
urgency of his bodily engines. He may be 
pursued by danger or moved to deeds of 
violence by a fire or a dispute. Still he will 
eat or want to eat. Under abnormal 
conditions people have staved off eating for 
as long as forty days. It has left them 
exhausted and emaciated and manifestly 
on their way to extinction. After only a 
day or so their general activities have been 
restricted and their energies have been 
concentrated upon resisting a supreme 
urgency. 

And at length after Mr. Everyman s day 
of eating, etc.— the etc. may vary but the 
eating is constant — comes the night and the 
desire for sleep. There again is another 
great universal, and our Mr. Everyman, 
however his afternoon and evening have been 
spent, realizes at last a grow^ need for 
repose. He makes his way bacMlSk) the bed- 
room in which we found him, win^ up his 
alarm-clock, puts his head on his pillow 
and drops back into the comparative inac- 
tivity of slumber. The daily round of life 
^ has completed ^ts circle. Man must eat and 
also man must sleep. There may be 
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interruptions and delays, but that is the 
formula, and to disobey it for any length of 
time is death. 

Now here perhaps in the sleep-necessity 
the critical reader may ask whether there is 
not a difference from any mechaMm. 
Machines, he will say, do not sleep. 
is almost true of such a simple and unvanable 
mechanism as a clock, which, regularly 
wound, may never cease ticking tor years, 
but it is not true of such a versatile piece oi 
engineering as an automobile which is 
subjected to constantly changing stresses. 
That must go out of activity periodically, for 
adjustment, lubrication, and minor repairs. 
The more complex the machine the greater 
the difficulty of keeping it in perfect adjust- 
ment. And Mr. Everyman, if indeed he is 
an apparatus, is a far more versatile appara- 
tus than any automobile, and he and his 
kind and a vast majority of the higher 
creatures have made the habit of rest and 
reparation during the most convenient pait 
of the twenty-four hours into a second nature. 
We shall have more to say of that necessity 
for readjustment when we consider the 
inevitability of old age and death. ^ But even 
when Mr. Everyman sleeps, he^ is not^ all 
inactive. The mechanism is still moving. 
His heart, his lungs are not sleeping. They 
tick on just as the clock does, but at a slower, 
steadier pace than during the day. 

Let us now compare the routine of Mr. 
Everyman, the most interesting of living 
creatures to us, with another daily 
at a rather lower level than his own, Mr. 
Everyman is sleeping, silent or gently snoring^ 
If he has not eaten or if he had eaten badly 
his sleep would be slight and distre^ful, lor 
digestion is more important than slumber, 
but we will assume that all is well within him. 
The house grows still. Presently the silence 
is broken by little sounds that echo dispro- 
portionately loud, a squeak and a little stir 
behind the skirting, a patter over the floor. 
It is Mr. Eveiymouse, another faminir 
embodiment of life, abroad. 

For a mouse the day is a time of peril, a 
time when the world belong to 
clumping, dangerous giants. Somewhere m 
a safe comer — behind a 
the floor-boards, in a hollow wally^e i 
built a nest, soft and warm, with sme 
materials as he has been able to gather , ^ 

he lurks during the day. At nightfall ^ 
grunts in his turn, and stretch^ and sa 
forth to satisfy his tiny clamounng stonu • 
The life of a mouse m its ^ he 

entirely parallel with that of ^ jife 

mouse-life is largely spent like the ma 
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in eating and in toiling — ^in gnawing holes 
and runs, in collecting ncst-matcrials, in 
joraging for crumbs and suchlike remnants. 
There are intervals for ablution — and 
although a mouse does not use soap and 
w ater he goes over himself with a thorough- 
iK'SS that would put many of our own species 
10 shame. There are social occasions — 
iriendly meetings, fights, and the periodic 
disturbances of love. There arc young mice 
and old mice, male mice and female mice, 
helpless pink baby mice to parallel Mr. 
i A'cryman’s social circle. The chief differ- 
( lu e is that the mouse-world is not so well 
organized as ours is, nor is Mr. Everymouse’s 
day so definitely planned ; he has to hunt 
about for his food instead of going to special 
eating-houses, and he has to be more on the 
alert for danger. He probably goes hungry 
more often than does Mr. Everyman. 
J’resently, a little after dawn the house 
world from which a sensible mouse retires, 
be comes a world of loud noises and perils, 
and so he gives place to the man again. 

'These two living creatures are as mechan- 
ver\^ much alike indeed. Later on we 
diall liave to consider many forms of life so 
:hfrcrcnt from man in form and nature that 
rclalix ely a kind of cousinship will appear 
between the two. As the reader probably 
knows they are classified together, with dogs 
uid horses and all creatures that have hair 


and nailk, as mammals.” Their bodies 
are such beautiful and wonderful things that 
to many people it is almost repugnant to 
approach these palpitating sensitive struc- 
tures in a coldly calculating mood. And 
yet if we are to understand them aright that 
is the mood in which we must study them. 
In that mood alone can we seek the explana- 
tion of this perpetual and universal desire 
that makes the stuffing of food into a hole 
in our faces the first fact in life, and reconcile 
the higher aspects of existence with even 
more sordid realities. These things and 
many others become clear and only become 
clear if we analyse the body from a mechan- 
istic point of view, if we insist upon knowing 
why food is thus primarily necessary for 
life, and if we ask why does life, our life, and 
the life of all the creatures we know and 
observe hinge first of all on that ? If we 
refuse to slur over these questions we shall 
find only one possible answer. 

§ 2 

fV^ we Call these Bodies Machines 

Both the man and the mouse arc continu- 
ally giving out material energy. They are 
never completely at rest as long as they live ; 
even when they sleep their limbs twitch, 
their ribs heave, and their hearts continue 
with regular, rhythmical beat. And, besides 
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these jactual movements, there is another 
way in^ which thcJy lose energy ; their 
bodies are warm. A hot piece of metal 
or stone will, in a short time, cool down to 
the temperature of the surrounding air, 
but a living Ijody is always warm to the 
touch. A mouse or a man, like any warm 
object^ loses heat continually to the cooler 
air which surrounds him, but he has internal 
sources of ci\ergy which compensate for his 
loss, so that except m extreme tropical heat 
his temperature ;is always higher than that 
of his surroundings. 

The need of man and mouse for food is 
apparent in the greater part of their waking 
activities. Oh that we have already insisted. 
Less conspicuous, but in reality even more 
urgent, "is the need for air. Normally, 
it is unnecessary to seek that. Always almost 
unconsciously, a mammal is inhaling and 
exhaling air. It hardly realizes the necessity 
of that until,’ under some exceptional 
conditions, the supply is cut off and suffo- 
cation begins. But you can put a man out, 
just as you put a fire out^ by stopping the air- 
supply. If we take the air a man breathes 
out and analyse it, we find that he has used 
some of the oxygen gas that normally air 
contains, and we find substances, water 
vapour and carbon dioxide, which are pre- 
cisely what we would expect to be exhaled 
if the oxygen were used for disrupting the 
food in order to yield energy. A petrol 
motor, or a fire, does exactly the same : in 
both cases, besides fuel, there must be a supply 
of air, and in both cases oxygen is used up and 
carbon dioxide and water vapour are given 
off. ■ 

Finally we find various matters passing 
out of a mammalian body, matters other than 
th^ mere undigested residue of his food. 
If our analogy with a petrol motor is sound, 

^ we may compare these matters to the more 
complex ingredients of exhaust gases — 
both to the more complex products that 
result from the burning of the fuel, and to the 
fine particles of steel that wear away during 
the working of the engine itself. And, 
indeed, this is what our excreted substances 
represent. 

Now is this analysis sound ? Is a living 
man fundamentally a machine ? That is a 
question capable of experimental decision. 
We can measure the amount of food that a 
man or an animal consumes over a given 
period of time, and we can measure the 
energy yielded during the same f>eriod. 
If we burn an equal weight of similar food 
in a suitable apparatus and find out how 
much energy its combustion yields, and if this 
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value is equal to tlie energy yielded by the 
experimental subject, then evidently the 
living organism so far as its encargy-output 
is concerned is really and pr^isely a com- 
bustion engine. 

Such coeperiments have be'&n performed 
A man has been shut up for a time in a 
small compartment, so constructed that the 
energy he gave out, as heat or otherwise, 
could be accurately measured. He wi fed 
on a weighed amount of food of known 
composition and the energy actually yielded 
was compared with that which would have 
been obtained had the food been simply 
burnt. Such experiments have been made 
repeatedly both with man and animals. 
The following figures were obtained by 
Atwater, who worked with a human subject. 
A man was shut in a calorimeter (heat-energv 
measurer) for nineteen periods of twenty- 
four hours each : on the average he gave 
out 2,682 large calories in each period, and 
ate an amount of food which would yield 
if burnt 2,688 calorics. (A large caJorie 
— there are several sorts of calorie — is the 
amount of heat required to raise one litre 
of water from 0° to i® centigrade.) The 
agreement is good.^ The two sums differ by 
less than one fourth of one per cent., which is 
well within the margin of error of the methods 
employed. Numerous other experiments 
have yielded equally convincing results. 
Wc arc, therefore, justified in concluding 
that man and the animals generally are 
fundamentally mechanisms, driven by the 
energy liberated in the oxidation of food. 
A mouse or a man works in much the same 
way as a petrol motor ; its fuel is its food, 
and precisely after the fashion of a petrol 
motor, if it lacks cither fuel or air it will 
cease to move, and slowly become cold. 
Moreover, the living engine needs an exhaust; 
as exhaled carbon dioxide or in other ways 
it must get rid of the products of this com- 
bustion or they will clog its system and 
impede its working. Indeed, the whole of 
what wc have called the fundamental 
round of Mr. Everyman is a mechanical 
process. 

Naturally, we do not suggest that this 
demonstration of our fundamental mechani- 
cal nature explains everything ; as we have 
already pointed out, the living ^dy has 
certain obvious properties that distinguish 
it from any man-made machme. It 
and reproduces its kind, and it is conscious. 
In later parts of this work wc shall discuss 
the intensely interesting question \ 

has been found possible to bring 
and more intricate phenomena imdeiiy^^S 
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development and mxnd'into an agreement 
known physical «nd chemical laws 
■milar to that which holds good for the 
nimary round of life. But here we will 
C ontent oursAp by pointing out that these 
l-hcnomena ^ not occur unless that fun- . 
iainental round is sustained. A brain must 
l-ave food and oxygen or it cannot think, 
md an embryo, if it is to grow, must have 
too. There is no observable life- 
1, locess which is independent of a supply 
of physical energy. When that ceases, 
uinwth, movement, and all signs of conscious- 
ness cease also— so that in studying the phy- 
si( al mechanism of the body, even if we arc 
not studying development and mind them- 
s('lvcs, we are studying conditions upon 
^\hich they rest and from which they are 
apjiarently inseparable. 

\Vc have spoken in this discussion of Mr. 
Everyman and Mr. Everymouse, and of the 
.iiiimals that are most nearly related to them. 
But our conclusions are not by any means 
limited to mammals. It can be shown that 


they havfc a very muefi wider application 
than that. There is JjUfrdly a living creature 
that does not depend td t$he last army sis upon\ 
oxidation for the energy Jby which it lives. AH ' 
animals and all green plants arc energized 
in this way. Plants diffei^rom animals in 
being able to make their bwn fuel instead 
of eating it ; they can* do what ^unwn 
invention has so far failed to do i^n a paying 
scale — they utilize the^fjeadiation of the sui^ 
directly for making siibstances on whicTi 
their engines can run. There are indeed, 
one or two microscopic creatures that have 
other* energy-sources— yeast, for ex^ple, 
can use a ^emical reaction that does not 
involve oxygen. But these afe exceptions ; 
we shall tell of them later. For the present 
it is enough to remember that all’^animals 
(including mice and men) arc combustion 
engines ^ an intricate and curious kind, 
which live by oxidizing their food: Wc will 
now go on to the lay-out of these engines 
and some interesting details of theit structure 
and working. 
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§ I 

What Every Schoolboy Knows about the Body 

T he writer of a general review of the 
sciences that concern life such as this 
we are engaged upon is confronted by certain 
peculiar difficulties. He is writing for readers 
nearly all of whom have some knowledge of the 
subject in hand. He is threatened, there- 
fore, on one hand by the probability that 
he is boring his readers with what they 
know already, and on the other by the 
probability that he is assuming they know 
too much. The writer of the text-book or 
the university lecturer is free from these 
perplexities. His readers and hearers arc 
under compulsion to go on attending. He 
can say everything. He can inform his 
victims, graciously and elaborately, where 
their backboneiB are to be found and impart 
the stirring discovery that “ at the top of the 
spinal column we find the head, of which 
the larger part is the cranium or brain case, 
below which are two passages separated by 
a horizontal partition, the upper one being 
the nasal passage and the lower the mouth.” 
And he can go on in that strain for as long 
as he likes and then jump into technicalities 
that will make our heads spin. 

We cannot do that sort of thing with that 
much magnificence here. Yet our better- 
informed readers must allow us to run 
through, as compactly as possible, a certain 
amount of knowledge they no doubt acquired 
at school. If these better-informed readers 
will run beside us, they may find a fact or 
two of interest for themselves on the way 
and arrive at our more detailed expositions 
with their own knowledge sharpened and 
refreshed. Anyhow, it has to be done. 
We are going to recite here what, in Lord 
Macaulay’s phrase, “ every schoolboy ” 
knows about the body. 

We will assume that the reader is already 
aware that practically every movement 
of the man and mouse we described in the 
First Chapter is caused by muscles and that 
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he knows these muscles arc the meat or flesh 
that clothes our skeleton. We will assume 
too, that he knows the general structure of 
his skeleton. He knows where to find his 
backbone, the tie-beam of all his bony 
framework. He knows it is composed of 
separate bones (the vertebrae) jointed to- 
gether to make it flexible, while at the same 
time the nature of the joints and the strong 
ligaments binding it together limit this 
flexibility and make it rigid enough for its 
supporting and strengthening function. It 
encloses and protects a vitally important 
nervous organ, the spinal cord. The column 
is hollow, a flexible tube ; each vertebra 
has the shape of an irregular knobbly ring, 
and when they are all jointed together the 
holes in the rings form a smooth, continuous 
canal in which this spinal cord is securely 
housed. Above the canal opens into the 
brain-case and through this opening the 
spinal cord is continuous with the brain. 

All this is matter of conunon knowledge, 
and so, too, is the fact that the joint-surfiices 
where two bones have to slide over each 
other are covered with thin layers of gri.stle, 
as smooth as glass. Moreover, the joints 
are enclosed in close-fitting ba^ which 
contain a watery fluid to lubricate me sliding 
bones. At the joints the bones arc lashed 
together by strong white fibrous bands, or 
ligaments. These jointed bones are worked 
by the muscles, which arc the “flesh” or 
“ meat ” of the animal. Muscles and bones 
form nearly all the substance of the limbs 
of mice and men. Muscles arc generally 
band- or spindle-shaped, and they are 
joined usually at the ends to two separate 
bones, which they pull together by altering 
their shape. They have the ^wer ot 
becoming thicker and shorter. No doubt 
the reader has amused himself by watching 
his “ biceps ” muscle thicken up as he bends 
and tightens his arm. Except for the 
inside of the skull, chest and beUy (abdomen 
is merely a polite word for the fetter) we 
are all bone and muscle. .The human arm 



and hand afts 
musdes WM^ng « 

bones (th®ec long on« «id Ihe wit m fte 
wrist and hand)--counting the big musdei 
ihat go to the shouldcr-bladft ribi, and 
follar-bone. The fece is provided just 
under the skin vnth the thin slips of muscle 
ihat move the features and produce various 
(xpressions. Anatomists distinguish thirty- 
fTiie of these^ muscles. At the sides of the 
brad there arc the eight muscles that move 
the jaw. Below are the complex muscles 
oi the throat, tongue and voice-box, and 
occasionally we meet gifted individuals who 
lia\c extra head musclcs^thin films over 
liic domed top of the skull by means of 
which they can waggle their scalp, delicate 
Strips that allow them to t\ritch their cars. 

1 he neck is mosdy muscle ; it is purely and 
simply an anatomical device which allows 
the licad to be turned, raised, or lowered 
;\iih()ut moving the trunk. (A frog has no 
neck ; if a frog wants to snap at an insect 


ii pob&l lb die A dcf 

or a taioXf m die wer ]iaii4 cm turn 
his eyes and mouth in a number of directiooi 
without moviag hh body.) In the shoulder 
and chest there are great muscles that bind 
the arms to the trunk and move the shoulder 
joint in various ways; in the hips and 
buttocks there are otners that bind the legs 
to the trunk, moving the hip-joint and 
supporting the whole weight of the body. 
Running over the ribs there is the clothing 
of muscles that produces the rhytlunic swell 
and ebb of our chests ; and wrapping round 
the abdomen, just below the skin, is another 
(three-ply) muscular sheet. These arc some 
of the more important muscles. But in the 
small space at our disposal we can give no 
adequate idea of the full complexity of the 
system. The medical studept who is study- 
ing “ myology,” as it is called, has to 
familiarize himself with some two himdrcd 
names, and since most of these arc paired 



4 . 7h human skelston fim the hack^frm the front, and from the side. 
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muscles (such as those of the arms and legs), cut or diseased— a muscle is paralysed, 
and some are serial (such as those oi the flabby, and helpless. 

The brain and spinal cord do not exercise 
a wanton or capricious dictatorehip ; besides 
sending commands they receive a copious 
stream of information from all the parts of 
the body, and laboriously respond to that 
stream and move the mechanism in appro* 
priate ways. The central government is the 
brain. Its informants arc the sense-organs 
— eyes, ears, nose, tongue, the organs of 
touch, warmth and pain, the organs in our 
muscles and joints that feel at any moment 
what our limbs are doing, the others in our 
chests and abdomens. These and many 
more are continually sending in their messages 
to the brain and the spinal cord, and the 
incoming stream, like the outgoing stream 
of instructions, is also borne by nerves. As 
our imaginary professor told us at the outset, 
the brain-case is the upper part of the head 
and the nose and mouth the lower. In 
a man, having a powerful brain and fee))le 
teeth, the former part is by far the larger ; 
the brain-case overshadows the face. In 
a mouse, with a comparatively ill-developed 
brain but with large and wonderfully 
specialized teeth, the brain-case is the smaller 
of the two. 

^ y. , , , . y. The blood-vessels that supply our muscles 

Fig. 5. A diagram of the human body seen from 

are of two kinds — the thick elastic arteries, 
the side, to show as simply as possible how the which the warm pulsing stream of 

more important organs are disposed. blood is pumped, and the thinner veins, along 

which it flows sluggishly back. Between 
ribs), the actual number of muscles in the the two there is a third system of ver)’ 

human body is very much greater. But let fine vessels, for the arteries lead into a 
us leave to the medical student the 
labours peculiar to his profession. 

These hundreds of muscles that 
move the human machine about are 
controlled by the nerves, tough white 
cords of tissue, some thick and con- 
spicuous, some so thin as to be barely 
visible, running and branching among 
the quivering muscles. As everyone 
knows, they function as telephone 
wires ; they bring stimuli to the mus- 
cles whenever the latter are to move. 

Their arrangement is quite as complex 
and intricate as that of the muscular 
system, for each muscle must have 
its own nerve-supply. They fadiatc out 
from the brain and its continuation the 
spinal cord. Brain and spinal cord 
comtitute a government, so to speak, 
which rules the muscles ; it is con- 
stantly flashing instructions along the 
nerves and commanding a movement 
here and a relaxation there. Without this network of invisibly small tubes, the 
central control — if, for example, its nerve is laries, from which the veins lead away- 
26 



Fig. 6. The movements of the IMs are produced hj. 
the pull af shortening muscles on the jointed bones. 

The figure shms how the tneeps, aOedtei to the should’' 0 
forearm, products a bmiing ed the elbow jotrit. 
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Wood-stream, 
couning and fil- 
tering through 
the muscles, 
keeps them ac- 
tive and healthy : 
it brings them 
fuel to bum and 
oxygen to bum 
it with, and it 
brings matter 
with which they 
can repair them- 
selves from the 
slight wearing 
away that their 
working entails ; 
moreover, it 
washes away the 
exhaust gases, so 
t o speak — t h e 
by-products of 
their activity. 
The blood- 
stream, be it 
noted, is not a 
peculiarity of the 
muscles ; it per- 
fuses every cor- 
ner, every shred 
of tissue in the 
body, bringing 
food and oxygen 
and rinsing waste 
matters away. 

The circula- 
tion of the blood 
centres in the 
heart and that is 
in the chest, 
where also the 
lungs are accom- 
modated. Need we do more than name the 
ril)s and the midriff enclosing this cavity? 
The professor insists on calling the midriff 
“ the diaphragm, a domed muscular parti- 
tion between the thorax (his name for chest) 
and the abdomen.” But he points out that 
tlie chest is really a conical rib-cage, narrow 
above and broad below, and that is worth 
remarking. What we thrust out as our chests 
^^hcn we want to swagger like an athlete is 
mainly the big muscles on ihic ouiside of the 
thorax which go from the ribs to the arms. 

The abdomen is singularly unprotected in 
nothing but a soft muscular wall, 
of us have wondered at times why 
iNaturc never foresaw the kick and the stab 
at our lower vital centres. The liver and 
s fmiach indeed cower up under protection 


of the lowdr ribs, Ibeing able to do so because 
of the domed ^^ame of the midriff, but the 
poor bowels are dreadfully exposed in a 
Dcast that walks erect. The rest of the 
contents of the abdomen need but the slash 
of a sharp knife to be spilled abroad, as 
happens in hara-kiri, that form of suicide so 
popular in Japan. The abdomen is largely 
filled with the massive apparatus that digests, 
absorbs, and handles food— the stomach, 
the coiling bowels, and so on. Many of 
these parts arc in incessant movement, 
churning the food inside them, mixing it 
with the digestive juices, and driving it 
along their canal by means of forceful 
rhythmical contractions. At the back of 
the abdomen, in the small of the back, lie 
the kidneys, and below is their associate, the 
bladder ; they are the apparatus which 
weeds out from the blood the poisonous by- 
products of the activities of our bodies and 
ultimately expels them. Moreover, the 
abdomen contains most of the organs of 
reproduction. 




F/fT. 7. A dissection of the 
foicarm, in which some of 
iiic muscles and related parts 
are displayed. 

A hmh const Ui largely nf muscles ; 
b) an Jung among them aie arteries 
as greyish tubes), veins {left 
out of the (It awing for clearness), 
and ticiiei {seen as white cords). 
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Thus far the bodies of the mouse and the 
man are very much alike. Both possess 
limbs and chests and abdomens, hearts and 
spinal cords and bowels. But when we 
come to the lower end of the body we find 
a serious divergence between human and 
murine anatomy. A man terminates in a 
smooth, pink expanse of skin, but a mouse 
continues into a long and ingeniously 
movable tail. In a fish the tail is even more 
important ; it is the principal organ of 
locomotion, and includes all the bones, 
muscles, blood-vessels and nerves that arc 
necessary for movement in a limb. The 
tail of a mouse is less important. The 
mouse propels himself chiefly by means of 
his limbs, and although the tail is used for 
balancing the body and for getting a firm 
grip in climbing, it is by no means his chief 
organ of propulsion. It includes the same 
organs as the tail of a fish, but very much 
more poorly developed. In ourselves the 
tail is represented by a useless litdc curling 
end of the vertebral column that does not 
even project from the suiface of the body. 
At least this is true of our adult selves ; as 
embryos we had perfectly good tails, as we 
shall tell later. 

So, with apologies, we tell over again what 
everybody Imows, and review the general 
lay-out of a man. And having made quite 
sure where our heads and tails are, we will 
now go on a little more precisely to other 
matters, also very widely known but not so 
extensively and not nearly so exactly as 
what has gone before. 

§2 

About Cells; the Lesser Lives within our Life 

We have shown in Chapter One that the 
human body is fundamentally a machine. 
We have now to explain that it is not a simple 
machine. It is a great mechanical system 
made up of an almost infinite multitude of 
smaller machines. 

We remarked in the introduction that one 
of the most important and revolutionary 
extensions of the science of life occurred when 
the microsc^e came to bear upon living 
structures. Before that time the wisest men 
knew no more about the composition of 
flesh and blood than the most ignorant 
butcher who ever cut up a carcass. Many 
philosophers knew less. Now nearly every- 
one Itnows that the blood is full of billions 
of microscopic bodies called blood corpuscles 
and tbat most of our bodies are built up 
of units called “ cells,** as a wall is built of 
bricks or a cotton strand of fibres. 
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The word “ cell ” is a most unfbrtiinate 
word in this connexion. That is \rfxy the 
triplex writer has put fastidious inverted 
commas about it in the last two sentences. 
He dislikes handling and usin^ it. He has 
to do so, but thus he shows his reluctance . 
The old original meaning, the proper mean- 
ing of “cell,** was a compartment, an 
enclosure. We still talk of the hermit’s cell 
or a cell in a prison. And many people at 
the outset of their biological reading are 
misled, therefore, into imagining that our 
living tissues have a sort of honeycomb 
structure. Nothing could be farther from 
the reality. The proper word should he 
“ corpuscle ** (little body) and not cell at 
all. Only comparatively few of our own cells 
are imprisoned in a case. Yet the misnomer 
arose very easily and naturally. Hooke, 
in 1667, peered down a microscope at a thin 
• slice of dead cork, and found it to consist 
of an enormous number of tiny empty 
boxes fitted closely together, and cells 
seemed to be the only proper word for them. 
His observation was extended to a consider- 
able number of other vegetable substances, 
and in all of them he found cells likewise. 
Very gradually the interest of investigators 
shifted from the boxes to the contents, 
but not abrupdy enough to rechristen these 
objects. In living cork, or in the other 
tissues of a plant, the cell walls arc inhabited 
by pieces of a slimy, gelatinous substance i 
called protoplasmy and it is to these contents, 
and not to their prisons, that the word cell 
is now applied. It is protoplasm and 
not its garment which makes the cell. In 
animal tissues we find the cell without the 
box. The protoplasm may go bare ; “ the 
cell’s the cell, for a* that.” 

Most cells, but not all them, arc micro- 
scopic. Some vegetable cells arc big enough 
to sec — the cells of elder pith, for example, 
and any egg before it begins to develop. 
The yolk of a new-laid hen^ egg is a single 
cell. But the very great majority of cells are 
invisibly minute. And thw are things \yidi 
a structure of their own. They arc not just 
lumps of this protoplasm. Their peculiarities 
will be best understood if wc describe one 
or two different kinds of than. 

Take, for example, a shred of body 
substance of any kind — ^any “ t^uc ” as 
the professor loves to call it— a bit of liveh 
say, or of brain, or of muscle from the 
stomach— and put it under a microscope, and 
immediately the division into cells is 
manifest. Figure 9 shows grekdy 
the minute structure of a thin cf tissue 
that lines the cavity of the belly and sheathes 
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ihc viscera ; it consisto, we see, of a number anH fair* 

, I separate mittute flat platcs^rf Uvingjub- of their structure. 'Se cS 
,„ce, lying side by side with their edges are made by letting an inS bSS^f SZ 

the vanous structures inside it reflect the 
hght and are seen as brilliandy luminous 
objects on a dead-black background. 

"'A cell is a tiny, flat, irregularly-shaped 
l^p of protoplasm. It is not bounded 
by any visible wall ; there is just a simple 
interface (the meaning of this useful new 
word is too plain to need definition) separa- 

-bb- 

can watch bulges being thrust out of the 
cell, and withdrawn again ; sometimes so 


Li 
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; outlines, and each has in its middle 

.1 ( onspicuous round body called the nucleus, 
ijiat is one sort of cell. The “tissue” 
,,i v^liich it is the living part is called “ pave- 

ihdit epithelium.” In other “tissues” 

II ujscJe, bone, liver stuff or nervous substance, 
j(it example — the cells assume other forms, 
riiey may be flat or round or cubical or 
s 1,1] -.shaped or drawn out into thin threads 
1 fibres ; but it is always possible to maki 
(.111 the essential fact, that the living sub- 
sLiiire of the tissue we examine, whatever 
parf of* the body it comes from, is an aggre- 
oaie of an enormous number of cells. In the 
following chapters we shall meet many 
diikrcnt kinds of cells. In the developing 
young every one of these extreme forms 
began as a simple one, like that to be 
iiiiiriediatcly described. We may compare 
[h(* body to a community, and the cells 
lo die individuals of which this vast organized 
population is composed. 

ft is very important to realize that this 
is not a merely allegorical comparison. It 
is a statement of proven fact, for — we resort 
lu'ir to the stress of italics-~.nn^/^ cells can 
I k isolated from the rest of the body^ and kept alive. ^ 
I 1 his is a branch of biological investigation 
jouly recently developed. Its fascination is 
ievident. The procedure is to take a minute 
ifiaginent of living tissue from an animal 
and to put it in a drop of blood-scrum (the 
iHjuid left over after blood has clotted) 
from the same species. In order to make 
microscopical examination of the fragment 
fiossible, the drop is suspended from a thin 
sqnaie of glass, a “ covcrslip,’» over a litdc 
dcpicssion excavated in a thicker glass slip, 
ilic nncro.scopc slide. (It is necessary to 
make the most elaborate precautions, we 
may note, against bacterial infection when 
ana nig such a “ culture,” and there arc 
Canons other matters that must be attended 
i 0 1 the cells are to be kept alive and active 
^ lor example, if the tissue is taken from a 
^arm-blooded animal it must be kept in an 
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if After a few hours, 

.vill u * successful, TOme of the cells 
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I*ig. 9. A piece of the membrane that lines the 
abdomen highly magnified and revealed as a smooth 
pavement of thin flat cells. 

slowly that one must make accurate draw- 
ings — or, better, photographs — every few 
minutes, and compare them with each other 
before any change can be detected. JBy 
means of such movements the cell creeps 
slowly about. 

^ The ground-substance, which is called the 
cytoplcmiy is a fluid as clear as glass. Some- 
where about the middle of the cell is the 
large, rounded nucleus; floating in the 
transparent cytoplasm round the nucleus 
are numbers of smaller bodies of various 
^nds. These bodies arc seldom at rest ; 
in the living cell incessant movement is the 
rule. Some of the bodies arc carried 


.ossibk “ passively hither and thither, by^treainiM 

to examine them with the microscope movements of the cytoplaai, 4areS 
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seem to have wills of their own, and dart 
actively and independently through the 
cytoplasm. 

Most conspicuous among these bodies arc 
certain regular globules, more or less 
nimierous, which appear to the observer 
as CTfilliant shining spheres. These we now 
know are tiny droplets of oil. They move 
about the cell slowly and in groups ; their 
wandering is purely passive, and they simply 
drift along, carried by currents in the cyto- 
plasm. Scattered among these globules, 
less brilliantly luminous, and much smaller, is 
a host of fine granules. These granules show 
irregular movements which, like those of the 
oil-droplets, are probably passive and due 
to currents in the transparent cell-fluid. 

Very different from these granules and 
droplets arc certain snakc-like threads wh&h 
writhe slowly through the cell. These 
threads are exceedingly fine ^nd their 
length is variable ; sometimes a thread 
can be seen to break into two, or two threads 
may join together end-to-end to form one. 
Their movements are apparently spontaneous 
and independent of cytoplasmic currents. 
The threads are called mitochondria, and are 
composed of albumen and a fat-like com- 
pound, lecithin. Though evidently of import- 
ance to the cell, their use has not yet been 
discovered. ^^ying like a cap over one end 
of the nucleus, a zone called the centro- 
sphere may be distinguished. The principal 
function of this zone, which is dimly seen 
as a tangle of filaments and granules, will 
be described later on in connexion with cell- 
division. For the present its interest lies 
in the fact that it seems to be a region where 
mitochondria are made ; they can be seen 
wriggling out from it into the cytoplasm. 

Lastly, if the tissue under examination 
was taken from the eye of the embryo 
chick, there may be present among these 
other bodies within the cell a number of 
tiny rods of pigment. Sometimes these 
pigment-rods lie passively still, showing 
oifly a barely perceptible trembling move- 
ment. This sli^t quivering is an example 
of what is known as Brownian movement; 
it is due to the actual impact of molecules 
upon the sides of the rods. But from time 
to time these rods exhibit movements which 
it is hard to attribute to cytoplasmic currents; 
they dart to and fro “ more or less rapidly 
and irresponsibly, like guinea-pigs in a 
run.” We take our description from a 
paper by the late Dr. Strangeways and 
Dr. Canti. 

Among this host of brilliantly illuminated 
bodies the outline of the nucleus is seen. 
30 


The nucleus is a relatively large oval or 
spherical mass which drifts* slowly to and 
fro in the cell. The >^undary between 
nucleus and cytoplasm, \likc that between 
cytoplasm and culture-Wdium, has no 
visible wall, 'Inside the Nucleus there are 
usually two mistily opaque bodies of irregular 
contour, the nucleoli ; /these bodies arc 
continually changing their size, shape, and 
position. Except for the slowly writhing 
nucleoli nothing can be seen inside the 
nucleus but a clear fluid. 

This, then, is a simple kind of cell, released 
from the body and leading a life of its own. 
The size of this object is such that about 
2,500 laid side by side would measure an 
inch. And it is itself separately and inde- 
pendently alive. Such is the stuff that man 
and all his life is made of. In our bodies there 
arc millions of such individual cells, inherent 
and necessary parts of us. They are not 
dead like the bricks in a wall ; they are 
alive like the soldiers in an army. And they 
can be persuaded by the arts of Dr. Strange- 
ways to desert 1 Then they will move by 
themselves, take nourishment, absorb oxygen, 
exude waste matters. They can be starved 
or suffocated. Not only will they move 
about as free individuals, but they will 
reproduce themselves. After a few hours 
some of the cells in these cultures will he 
seen to pull themselves into tv^o parts, each 
of which lives and grows as an independent 
unit. They are no longer parts of an 
organized animal, vet so far from pining 
away in exile they are absorbing nourish- 
ing substances from the liquid about them, 
growing and ultimately performing ^n act 
of reproduction. In two or three days the 
multiplying and growing cells will have 
poisoned the serum with their own excretions, 
and the “ culture ” will die ; but this death 
can be prevented by putting a little of the 
failing culture into a drop of fresh serum, 
when the reproduction of the cells will 
resume and go on until that drop also is 
fouled. This administration of these exiled 
body cells is called sub-culturing. By sub- 
culturing every few days it is possible to keep 
strains of detached cells alive for months, 
even years ; indeed such strains may be 
kept going for periods of time far exceeding 
the individual life-span of the sp^ics from 
which they are taken. Cell-strains taken 
from a chick embryo have lived over fourteen 
years, while the ordinary life of a fowl is 
not a third of that span. No reason is 
apparent why we should not sub-cultufc 
for ever. If Dr. Strangeways Kid lived m 
the time of Julius Cttsar and set a senes 0 
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sib-cultures growing from a scrap of him, 
{F igments of that cnaincnt personage might, 
(oi all we know to the contrary, be living now! 

I his rel<^c of living cells to a free life 
is not restricted to the primitive connective- 
[i sue cell. It has been possible to get 
.:inilar strains of cells from muscle, or nerve 
)! kidney. In such cases the cells lose 
uurh of their specialization before they 
)cgiii to wander about and reproduce : 
li( y cease to be typical muscle-cells, nerve- 
(11s, or kidney-cells, and become more like 
he primitive connective-tissue cell that we 
ia\c described above. They cease to be 
laits, they become wholes. 

^\Y• may say then that every living tissue 
oiisists of cells and that every living cell is 
i potential individual (or sub-individual), 
oniaiiiing in its own body all that is neces- 
aiy for life. But, be it noted, the cell is a 
init : it is not possible to isolate parts of 
ells and keep them alive. If a cell be cut 
ilo halves— one with the nucleus and 
cnlrosphere and the other without— the 
I St, which contains all the elements of the 
riginal cell, will live on and reproduce itself ; 
the defective half, on the other hand, may 
creep about for a time, but it can neither 
grow nor divide, and presently and surely 
jt will perish. (The expKiriments on which 
[this statement is based were made, not on 
I cells from higher animals, but on Amoebae 
[and other Protozoa, which are independent 
[cieatures resembling the released tissue-cells 
lof a higher animal very closely.) When 
cells multiply they divide into two by an 
elaborate process which ensures that each 
of the tjyo daughter-cells shall have half the 
cytoplasm with its various inclusions, half 
the centrosphere and half the nucleus, 
i hus each of the two resultant cells has all 
the essential cell-elements : if this were not 
hr case they would not live any more than 
a man who lacked lungs or heart could live. 
Naturally when they arc parts of a living 
S ^ \ disciplined, they do not 

^'aoder about where they like, growing 
pctively and reproducing themselves, as the 
ihr hrV An organ such as 

nrl ' ^ City during 

a tissue-culture is likf 

i rhf- ordinary activities of organs are 
iuent Vn”* activities of thetr consti- 
kmnle k • muscle, for 

[ohoiis’inH " synchronized effort 

Soolcro^n “d bile is the 

'^dcmlv hU r"®* Uver-cells. 

> his co-opcration involves control 


No muscle would be of any use if its cells 
were allowed to contract independently 
whenever they liked ; they wait, tense and 
expectant, until the muscle is required to 
move, when they all join together in a hearty 
but disciplined pull. Even growth if. a 
summation of cell-activities, for the inc^l^ 
in dze of any part is due to the orderly growth 
and multiplication of its constituent cells 

according to plan.” 

We shall deal in later chapters with the 
proewsM of reproduction ancl development. 
We shall see then that the fertilized egg is a 
single cell with cytoplasm, nucleus, centro- 
essential elements, that this 
ceU divides into two, that each daughter-cell 
divides in its turn, and that in this way, by 
^ of continued subdivision, all the 

mllions of cells in the body are produced. 
Naturally, this growth process must be 
reguIatedTike any other cell-activity. The 
thumb must not be allowed to grow to the 
size of a leg. Occasionally a group of cells 
shakes off the normal controlling influence 
and grows disproportionately, producing a 
tumour or a cancer, but normally all the 
cells arc kept well in hand. 

^ We have reached an idea whose importance 
in biological theory can hardly be over- 
^timated, and we may perhaps be pardoned 
It we emphasize it. Briefly, it is this. The 
reader has a feeling of single individuality ; 
he or she feels and acts as one ; the various 
parts of his or her body work smoothly and 
harmoniously together. But he or she is also 
a community, a vast assemblage of invisibly 
smml cells. These cells are living together 
and they arc controlled and specialized 
in divers ways for the common good; 
nevertheless they are themselves individuals, 
for under suitable conditions they can be 
detached from the body and kept alive 
indefinitely. 

ii point the reader may protest. 

I am myself an indivisible individual,” 
he or she may say, “ for if one of my arms 
^ legs be amputated it cannot survive. 
How then can my body be a Community ? ” 

It IS of course true that an isolated limb will 
shortly die ; but if while a busy factory 
was working it was suddenly surrounded 
by a high brick wall, so that its personnel 
could not get any food, it would soon be 
starved out and become still. An isolated 
l^b dies for preebely the same reason. 
Normally its cells arc nourished and supplied 
with oxygen by the blood; when it b 
amputated its blood-supply b cut off and 
cclb arc killed (although as a matter 
of feet they suffocate before mey have time 
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to starve). Nevertheless, if proper pre- 
cautions were taken, the limb could be 
kept alive by^rfusing it along the arteries 
with blood. This sort of thing is constantly 
done in the laboratory with detached nerves 
or xnuscles or hearts or stomachs or kidneys, 
befciuse by using such methods it is possible 
to study living tissues without causing pain 
to living organisms. 

On one occasion (a long time ago) a 
physiolo^st obtained the heart of a criminal 
aged thirty-five. He removed the heart 
eleven hours after the execution, and ran a 
suitable artificial fluid into it through the 
veins, to take the place of blood ; the heart 
revived and began to beat again, and was 





Fig. 10. A slip of gristle, highly magnified, showing 
the cells embedded in a hard substance that they 
themselves have made. 


then studied and experimented upon for a 
full three hours. The heart of a cold- 
blooded animal, such as a tortoise, will live 
for weeks under such conditions. Similarly 
the mammalian kidney can be removed 
altogether and supplied with artificial blood 
through a glass tube tied into its artery ; 
it will continue for hours to remove any 
undesirable matter fronx the fluid that 
runs through it. And so with other organs. 
The indivisibility of the human body is then 
a spurious indivisibility, resulting from the 
fact that its cells are specialized, that the 
cells of a leg, for example, have come to 
rely on the cells of the heart for a supply of 
nomshing blood. On the other hand the 
incfivisibility of a cell is absolute, for the 
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cell represents the simplest possibl^^'wi^^jtibx 
which animal tissue can be orgimizifii ; . 
without its essential parts the exchang^^of 
energy, the complex interplay of chanilal 
reactions that underlie life, cannot conthlue. 
It is in fact a prinlary indivisible unit oC fife. 

The number of cells in the reader*® body 
is staggering. In the blood of an ave||ge 
man there are over fifteen million mSUon 
cells in the blood alone ; his brain system 
contains nearly two thousand million ; and 
the total number in the human body b over 
1,000,000,000,000,000 — a thousand biflions 
(and English billions, not American ones). 
They serve the body community in various 
ways and have various appropriately 
specialized forms. Some are of service 
because they can actively change tlieir 
shape — such as muscle-cells ; others, the 
nerve-cells, are drawn out into enor- 
mously long, thin threads, and are like 
P living telephone wires ; others, more 

cubical, serve by exuding special chemi- 
substances — such as the cells of the 
salivary or thyroid glands. We need 
not catalogue all the possible varieties, 
but can content ourselves with stating 
that there arc well over fifty distinct 
kinds of cells to be found in every man’s 
body. But, since we are dealing with , 
the ultimate nature of our tissues, it is 
interesting to note in passing that there 
are very important parts of our bodies 
that are not in any sense alive. Our ' 
cells are all alive, but we are not all cells. 

Figure 10 shows the structure of gristle, 
or, as the biologist terms it, hyaline 
cartilage. The cdls do not h^n con- 
tact with others but are separaSd by a 
stiff transparent substance. If a frag- 
Tnent of living cartilage be cultured, 
those cells that can escape will migrate 
out into the scrum, but the matrix 
between the cells will not move or grow. 

It is not alive, but an exudation made by the 
living cartilage cell in much the same way | 
as spittle is made by the cells of the salivaiy 
glands. Nevertheless it is to this non-Uving 
substance that cartilage owes its stiffness j 
and smoothness, the qualities that 
it useful to the organism. Similarly with] 
the other kinds of framework tissue. BoneJ 
consists of small cells imbedded in a ma^l 
which has been made rigid by 
in it of lime salts, and it is up 6 n*TOi^ 
exuded (or, in biological lan^age, secreted) 
by the bone-cells, that the strength of a bo^i 
depends. The binding comfcc^ 
that permeates organs and ^ 

gether consists of cells suinroimSed by a ww; 
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of non-li^ng fibres of great strength and 
elasticity that they have laid down. Tendons 
and ligaments are much the same sort of 
thing, but more so — ^with a greater propor- 
tion of fibres, and smaller and fewer cells. 
The connective-tissue cefis are carpenters, 
and build the non-Kving scaffolding ^t 
supports the body ; but the parallel would 
be closer if tjie scaflfolding made by human 
carpenters consisted of their consolidated 
sweat FinatUy, blood consists of cells float- 
ing in a non-living watery fluid, and the 
watery part sustains most of the transport 
duties of blood. 

§ 3 
Blood 


a wd pigment Ifnown as hamoglobin. The 
whole IS bounded by a membrane, so delicate 
that It cannot be seen even with the highest 
pwers of the microscope, and which is 
believed to consist of a double layer of fatty 
molecules arranged side by side in a regular 

S . The white blood cells arc of swecal 
:rcnt kinds, but they arc all alike in 
being a little larger than the red celb, in 
““clei, and, like isolated 
c^ of a ti»ue-culture, capable of a slow 
change of shape. The cells are present in 
enormous numbers; a cubic millimetre 
ot bl^ contains about ten thousand white 
and SIX mllion red— that is to say, there arc 
more red cells in one drop of blood*, than 
there are people in the United Kingdom. 


“The life which is the blood thereof,” 
iay.s the Bible, and we may best go on to our 
;xamination of the life in a man’s body by 
:onsidering the nature and functions of the 
jlood. Where the blood is not circulating 
he processes of life, in a man or mouse, 
ilmost immediately. Stop the blood-supply 
0 the head and in a moment the brain is 
vacuous and the body it is directing stumbles 
ind faints. Lungs, liver, kidneys and 
tomach, all our internal organs, are mere 
actories and depots to purify and feed 
his essential vitalizing stream. An almost 
nfinitcsimal change in its composition 
;s exalted or depressed or fills us with 
nwonted fears or desires. Manifestly our 
ext step on our way to the undenitanding 
f this vast cell-community, an animal body, 
mst be a study of the blood. 

It sh()uld be realized at once that blood 
not a simple lifeless fluid like water or 
. ’ in biological language, an active 
■ing teue.” Nearly hadf of its volume 
insists of living cells. The cells of blood 
lat m a watery medium, and blood as a 
hole IS therefore a fluid, but it is never- 
cless quite as much a tissue as cartilage 
bone-it IS simply a liquid tissue, 
the cells of blood are of two kinds, red 
f" U presence of vast 

ow of blood IS due. A human red blood 
lim ‘ about seven-thousandths of a 
ck ^bont one quarter as 

ddlc thinner in the 

lOo red’ English measures, 

2 blood corpuscles side by side 
‘■Id^ncasure a^ut an inch. It L no 
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‘eus Inside the cell there is an appar- 

tcturi which no 

£ i be disfccmcd, con- 

^ one of Its chemical constituents 


Fig, II. A few cells from human blood. 

Above, some red cells are seen in various positions. Below, 
three kinds of white cells. 

The reader contains just about a gallon of 
blood, so imagine the vastness of this 
conunually circulating population. The 
rM cells arc concerned with the transport 
CM cDxygen, and the white cells inedude among 
their many duties that of combating bacteriju 
parasites. 

The red and white cells, we repeat, con- 
stitute one-third of the volume of blood, 
the remaining two-thirds is water, carrying 
a great and varied assortment of rh^mirai 
compounds. This water with its dissolved 
sumtances is called the plasma; it forms 
a cl<^, nearly colourless fluid in wyi§ the 
blood-cclb float Plasma is the non-living 
part of blood, but it is neverlhdess,^ 
no means thejeast important, for i^|w 
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solutions in the plasma that the great 
majority of transported substances are 
carried by the blood. 

It will be interesting to survey this curious 
miscellany of plasma-ingredients very briefly, 
because by so doing one gains an insight 
into the number and variety of the functions 
performed by this essential fluid. 

In the first place blood fetches and carries 
for all other tissues. It brings them supplies 
of oxygen and of various kinds of food they 
require, and it takes away and eliminates 
various unwanted products of their activity. 
The red cells are solely responsible for the 
transport of oxygen and they play the chief 
part in carrying carbon dioxide ; the remain- 
ing duties are undertaken by the plasma. 
Dissolved in the plasma arc all the many and 
complex food supplies that cells need, and 
the waste products are simply shed by the 
cells into it. These two duties alone 
necessitate the carrying of a great number 
of different compounds — some in consider- 
able amount, others only in minute traces. 

But besides the bringing and taking away 
of substances which participate directly 
in the chemical processes of the cell-machines 
the plasma carries other matters, not actually 
consumed by cells, but necessary constituents 
nevertheless of the fluid which bathes them. 
A cell needs not only fuel and oxygen to 
work, but its delicate mechanism is acutely 
susceptible to the presence or absence of 
certain mineral salts in the surrounding fluid. 
Its activities respond to the slightest changes 
in their proportions. A minute trace of 
calcium must, for example, be present if 
our muscle-cells are to obey our will. 
Withdraw that and they will begin a rhyth- 
mic twitching. There is a whole range of 
such accessory substances in the blood 
needed for the proper working of the body. 

Here, then, we have the primary functions 
of the blood, fetching and carrying for the 
tissue cells, for multflarious citizens of our 
body, and ensuring them the comfort 
necessary to their activity. These functions 
alone mean a very great complexity. But 
superimposed upon them are others, still 
more intricate and extraordinary. Day 
by day, and as a general rule quite outside 
the realm of oor consciousness, there is a 
continual fight against certain evil forces 
that seek perpetually to disturb our serenity. 
Generally this conflict troubles us as little 
as the criminal activities of Pimlico and 
Shoreditch disturb the mental peace of the 
Prime Minister in Downing Street. But 
sometimes the criminal onslaught gets sufli- 
cienliy out of hand to disturb the central 
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government. Swarming in the air we 
breathe, lurking on the solid objects we 
touch, and even on the surface of our own 
skin, are the spores of minute bacteria, 
many of them ruthless parasites, waiting 
for a chance to work us mischief. Con- 
stantly, through a scratch in our skin, 
through the tender lining of our lungs, 
through the injured tissues of a sore throat, 
swarms of bacteria invade the blood-stream 
itself, and finding themselves in a medium 
specially adapted for bathing and nourishing 
living cells, they rejoice and multiply 
exceedingly. The very efficiency with which 
blood performs its normal ministering 
function makes it the most attractive and 
stimulating environment for these parasites. 
Many of them are extremely troublesome 
and ungracious guests. They produce their 
own often very disagreeable by-products, 
and make mischievous changes in the com- 
position of the blood. They invade and 
attack the tissues. Unless they are defeated 
and repelled they produce the colds, influ- 
enzas, fevers, epidemic diseases, typhoid, 
small-pox, and so forth that disturb and may 
overthrow the central government altogether. 
The resistance, once skin or membrane is 
pierced, goes on almost wholly in the blood. 

The chief antagonists of the bacteria 
themselves are the white blood corpuscles. 
These actually fight the bacteria. That 
war goes on interminably. It is only in the I 
more serious engagements that painful 
congestions and inflammations make Mr. 
Everyman aware of the mischief afoot. 
In addition, in a manner too complex to 
explain at this stage, the chemical poisons 
which the invaders pour into the plasma 
are neutralized by specially manufactured 
antidotes. These chemical invaders, these 
poisons and antidotes, formed only in minute 
traces but nevertheless physiologically potent, 
constitute another class of ingredients in that 
complex fluid, the plasma, and provide 
another type of event in the swarming high- 
ways of the living cell-community which we 
call a man. 

The composition of blood is further 
complicated by a second kind of protective 
arrangement — not in this case against living 
invaders, but against a more direct result 
of mechanical injury to the animal body- 
I’his is the provision for fprmmg clots- , 
When the surface of the body is cut 
scratched and the injury involves blooth 
vessels, the escaping blood, as we know, do 
into a solid mass and so seals the 
Were it not for this fact, th^ would 
nothing to prevent blood flowing 



the Complex body-machine and hoW it works 


jjidefinitcly once our bodies were punctured. 
.4>me unfortunate people have blood that 
does not clot. In the hereditary condition 
Known as Haemophiliay in which the blood 
T incapable of clotting, patients lose large 
luiontities of blood from even trivial cuts, 
and have been known to bleed to death in 
(lu‘ dentist’s chair. Normal clotting, which 
(ills the wound and so checks the escape of 
l)l(^od, involves as an essential feature the 
c( immersion of a certain substance dissolved 
in the plasma, fibrinogeriy into fibrin, which is 
insoluble and which precipitates therefore 
to form the fibrous clot. This conversion 
is ilie result of an extraordinarily complex 
chain of preliminary reactions, in which a 
number of different substances participate, 
some of which exist ready-made 
in the plasma, while others are 
contributed by damaged cells at the 
point of injury. The plasma carries 
this fibrinogen and various accessory 
ilistances, so. that this protective 
roccss of clotting takes place when 
ccasion demands. 

And still there is more to tell of 
liis marvellous fluid, which is, as 
lie Bible has it, the “ life ” of a 
i^luT animal. It feeds, it comforts, 

; protects. It is also a means of 
ommunication between part and 
lart. It carries messages that secure 
he harmonious co-operation of one 
irgan with another. 

'J'wenty or thirty years ago it was 
bought that the co-operation of 
)art with part was ensured through 
he nervous system alone, either 
onsciously through the brain or 
incorisciously by the subordinate 
ystems of nervous communication 
hrough the spinal cord and inferior 
centres. But nowadays we arc be- 
ginning to realize that a very large 
3art of the harmonizing task is done through 
substances emitted by one organ and 
“caching another by way of the blood. 
The canal system is more important rela- 
tively to the telegraphic system than was 
once suspected. Concerning these sub- 
stances, the “ internal secretions,” as they 
arc called, we shall give some interesting 
details later. Here we note them simjJy 
to round off our account of this essential 
fluid VI Inch bears our lives along. One more 
fact about it, however, we may add before 
N close the section. Some constituents 
pf the blood seem to be of no use whatever ; 
phey happen to be unavoidable. Such, for 
pxamplc, is the dissolved nitrogen which the 


plasma picks up in the lungs when it is 
taking up oxygen for the (jells. The nitro- 
gen has a free ride round the system, but 
apparently has no function whatever. 

Such is the nature and composition of the 
blood. About one-twentieth of the weight 
of a normal man is blood, and in the meshes 
of a network of blood-streams, all the life 
in our bodies goes on. Wc will next take 
a glance at these streams and note how they 
are driven round the body. 

§4 

The Course of the Blood 

It is not difficult to see the blood actually 
at work among the tissue-cells. The delicate 


A fine artery branching out into capillaries, as 
seen in the frog^s foot. 

web of a frog’s foot, for example, can be 
examined under a microscope, without 
being severed from the rest of the frog or 
indeed causing any pain, and we can 
observe the vital business in progress. The 
field of vision is occupied by masses of 
greyish tissue, in which the boundaries of 
individual cells can be made out only with 
difficulty. In the frog’s foot pigment-cclk 
can be seen dotted over the field— black 
star-shaped masses with irregular processes 
radiating out from a common centre. 
Riddling the sheet of tissue under, examina- 
tion, and apparently dividing it into lobes, 
is a network of canals, the blood-vessels. 
In these vessels the course of the blood may 
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be watched by following the oval red 
corpuscles as th^y float along. 

The blood can be seen hurrying apparently 
at headlong speed ‘ along certain larger 
vessels — ^highways — ^which are minute arter- 
ies. The arteries branch and divide and 
their branches divide again, so that the 
blood passes into smaller and smaller 
canals. At each division the cross area of 
the two branches taken together somewhat 
exceeds that of the origind trunk, so that 
the blood travels more and more slowly 
as it finds its way into narrower and 
narrower passages. The final, minutest 
blood-vessels arc the capillaries ; their dia- 
meter is only very slightly greater than that 
of the red blood-ceUs themselves, and in 
these ultimate canals the cells no longer 
bustle — they crawl. It is through the invisi- 
bly thin walls of the capillaries that there 
takes place that interchange of substances 
between blood and flesh for which purpose 
the circulation exists. The whole appear- 
ance suggests women coming to a market^ — 
the swift stream pours into the busy market- 
place,, it breaks and divides into slower 
and slower subsidiary streams, until, finally, 
the housewives are hovering and bargaining 
in the narrow spaces among the crowded 
stalls. 

But the blood does not stay long in the 
capillaries. As it loiters, its fesolved 
food and oxygen are diffusing into the 
cells, and the unwanted residue of their 
activity is passing back in exchange. Diffu- 
sion, over distances measured in Uiousandths 
of a millimetre, is a process of lightning 
speed, and the blood must not hang about 
after its function is performed. Hence, 
after a brief passage tlurough one of the 
myriad capillaries, the blood reaches a point 
where the vessels instead of subdividing, 
come together again. The capillaries join, 
and the resulting trunks join each other, and 
so veins are formed. But now the previous 
conditions are reversed, for each trunk has 
an area slightly smaller than that of the two 
branches which unite to make it, so that 
as the blood finds its way into larger and 
larger vessels it travels at a greater and 
greater speed. Thus, in one of the little 
veins it hurries out of the picture with the 
same effect of headlong haste that character- 
ized its arrival. We cannot watch the blood 
as it travels, ever more swiftly, towards 
the heart ; the frog is too opaque for our 
microscope to penetrate. The rest of the 

1 Velocities always look deceptively high through 
the microscope, because the instrument zm^[nifics 
distance without magnifying time. 
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Story has been pieced together by dissection 
and by experiment. 

When it leaves the field of view, the blood 
continues in the same way. The veins from 
the web are joined by veins from the muscles 
of the toes, and later by veins from the 
muscles and skin of the calves, from the 
bone and cartilage, and other tissues in the 
leg. The stream becomes greater and 
swifter. Still later, in the region of the 
hips, two great vessels from the legs join 
each other to form a venous trunk, the 
inferior vena cava. This, as it runs up the 
back of the abdomen, receives branches 
from the muscles of the backj «firom the 
kidneys, from the intestines, from the liver. 
In the chest it combines with two other 
main trunks, the superior vena cava, which 
carry blood down from the head, neck, and 
arms. Finally, the stream of used blood 
collected from every part of the body by 
the union of these three vessels pours into 
the heart. 

When the blood from the tissues reaches 
the heart through the venae cavae it is 
depleted blood. While passing through 
the capillaries it has parted with the sub- 
stances required by the flesh and with its 
oxygen, and it has encumbered itself with 
the waste products there produced. It is 
unfit to be driven round again until it has 
undergone a process of restoration and 
purification. Now the various needs of 
living cells vary in their urgency. The 
food-supply is necessary, but it need not be 
constant. Cells are able to accumulate 
little stores of sugar, fat, or a very important 
nitrogenous material, protein, in their own 
bodies, to be used when required, and it is 
sufficient for the blood to bring them food 
once in a while, after a meal, for them to 
replenish their stores. Moreover, the re- 
moval of waste products need not be very 
rapid ; they are formed only in small 
quantities and slowly. But with the oxygen 
supply things are different. The need for 
oxygen is imperative — a man cannot live 
without oxygen for more than three xninutes 
— and the cells have no way of laying up 
stores of oxygen. It must be brought to 
them constantly and abundantly. A frcsli 
charge of oxygen is therefore a primary 
requirement of this returning blood before 
it can go back to the tissues. 

Hie circulatory system in a mammal works 
fint and foremost to meet this need fot 
oxygen. The removal of other waste sut^ 
stances and the taking up of mo»c.food-stun 
is a less urgent matter. Vextous 
returning fhwn the tissueSi is driven at once 
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to the lungs, where the oxygen^ontcnt is 
i (Stored. In the lungs the blood travels 
(lirough another network of capillaries 
.icross the wall of which it comes into 
contact, not with active and hungry flesh, 
h{]{ with oxygen-containing air. Instead 





Fill. 13. The course followed by the blood in 
iU unending flow round the body. 

IVfff/f carrying fresh blood are shaded ; those carrying 
used blood are black. 

of ])cing impoverished it is refreshed. From 
thcs(^ lung capillaries the oxygenated blood 
IS collected as before into veins and returns 
again to the heart. It is now fit to be sent 
once more to feed, stimulate, and oxygenate 
the active tissues, and it is pumped by the 
heart, along a branching system of arteries, 
into the vast network of capillaries that 
permeates every organ in the body ; there 
It lepeats the exchanges, the marketing of 
oxygen and nutritive matter for waste 
products, with which our description began. 

llie circulation of a man or a mouse is, 
therefore, a completely double one — ^it is not 
^0 much a circle as a figure of eight. There 
IS the journey through the lungs, during 
which the blood is charged with oxygen and 
parts with surplus carbon dioxide, and 
ttieie IS the longer journey, fiom the heart 
to a capillary in some •thcr part of the body 
ttnd liack, during which the oxygen is 
surK iidered. The former round is called 
to pulmonary (lung) and the latter the 
mpme (body) circidation. Manifestly this 
t^oiild be managed by two distinct pumps— 


a body-pump to disperse tl^ blood every- 
where, and a smaller less powerful pump 
to send the blood on its special trip to the 
lungs. But the mammal’s heart combines 
both these pumps into one organ. It is really 
two pumps side by side. Each has a thin- 
walM upper part, the amicle, to receive the 
inflow of blood, and a powerful muscular 
part, the ventricle^ which, as there arc valves 
to prevent any back flow, impels the blood 
forward into the great arteries of the body 
or into the lungs, as the case may be. In 
Figure 14 we have a cross-section of the 
ventricles, and the reader can sec how much 
feebler and flabbier the right (pulmonary) 
ventricle is than the left, which has to force 
the blood to scalp and toes and everywhere. 

It is quite easy to hear anyone’s heart 
at work and distinguish the phases of its 
action. By means of a stethoscope, which 
is simply a listening tube, one end of which 
is put to the ear and the other pressed 
against the left side of the chest, it is possible 
to hear the sounds made by the beating 
heart. There is a silence, then a long 
sound, then .a short, sharp sound, then 
silence again — Lubb . . . dup, Lubb . . . dup^ 
Lubb , . . dup. The filling of the heart 
from the veins and the contraction of the 
auricles to fill the ventricles arc noiseless ; 
the sudden, violent rush of blood when, in 
turn, the ventricles contract gives the long 
sound, Lubb. . . . The short sound depends 
on a property of the arteries. The arteries 
have elastic walk. When blood is forced 
into them under considerable pressure by 
the ventricles they give, and when the 
ventricular contraction ceases they recoil. 
If it were not for the valves at their openings, 
the result of this recoil would be to drive 
blood back into the heart, but actually it 



Fig. 14. The ventricles of the heart cut across 
to show the relative strengths of their walls. 


closes the valves. The aorta, the main 
arterial trunk which supplies all the body; 
except the lungs, is abruptly cut bff from 
the ventricle and the slam of its valves causes 
that second heart sound . . . dup. This sound 
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marks the end of the cycle ; it is followed 
by silence while the auricles fill again. 

In one minute this pump drives about 
a gallon of used blood to the lungs and sends 
out an equal, arpount of pumped blood to 
the body. 



15* Three Phases of the Heart Pump. 

( I ) The auricles filling from the veins ; (2) the auricles 
driving blood into the ventricles ; (3) the ventricles pumping 
blood into the arteries. 

The heart lies in a bag — the pericardium^ 
which has smooth walls and contains a 
fluid. The purpose of this structure is to 
lubricate the movements of the heart ; 
lying in this bag of fluid, the body-pump is 

38 


able to contract and expand (about seventy- 
two times per minute) without friction 
against the adjacent organs. 

The arteries which take the blood from 
the heart have to stand a fairly heavy 
strain and are strong and elastic to resist it. 
Every time the heart contracts there comes 
a tidal rush and the pressure rises to a 
climax and falls. Accordingly the walls 
of an artery are strong and elastic ; they 
include a thick layer of muscle-cells and 
elastic fibres. Blood travels in the main 
arteries at a relatively high speed ; in the 
great aorta, which leads directly out of the 
heart, it travels at about one-and-a-half 
to two feet per second, and in the limbs its 
pace is still considerable. At the wrist 
a main artery to 
the hand comes 
conveniently 
near the surface 
and the tidal 
pulsation of 
blood can be felt, 
and here it is 
that doctors in- 
form themselves 
of the vigour and 
excitement of the 
heart. 

As the arteries 
branch and 
divide, the force 
of the pulse be- 
comes less, their 
walls become 
thinner, and the 
blood travels less 
swiftly and more Fig. 16. An artery {below) 
evenly. Finally, anS the corresponding vein, 
in the capillaries, {above) cut across to show 
its velocity has the strengths of their walb. 
fallen to about a 

millimetre per second — about one- thousandth 
of its speed in the aorta. The pulse by 
that time has disappeared and the pressure 
is much lower. There is therefore no need 
for a capillary to have strong, resistant 
walls. The structure of a capillary is 
determined by its function, which is to 
bring the blood into the closest possible 
relation with the surrounding flesh. For 
this reason the walls are almost incalculably 
thin. Moreover, the fact that the blood, 
instead of flowing along in one broad current, 
has been divided into a multitude of tiny 
parallel trickles, ensures that the surface of 
contact between blood and flesh is as great 
^ possible. The number of the Capillaries 
is enormous ; in a cross-section of muscle, 
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f ich square millimetre (that is, about 
luble the cross area of an ordinary pin) 

, , ntains well over a thousand, and all the 
( .pillary vessels in a man’s muscles put 
( ,,(1 to end to form a continuous tube would 
oil die the earth two and a half times. 
W'iien filtering through this network of fine 
ti:l)cs, the amount of exposed surface of the 
l)l(x)d is enormous ; a single cubic centi- 
im ire of blood will have about ten thousand 
square centimetres of 



Fill. 17. A vein cut 
open, showing two 
pochcl-shaped valves. 


surface at which 
chemical interchanges 
can take place. So 
we come to what we 
have already seen in 
the frog’s foot. 

Deoxygenated blood 
flows from the capil- 
laries into the veins 
slowly and at low pres- 
sure. The driving 
force of the heart is 


mainly spent. The flow in the veins is helped 
by various accessory factors. The most im- 
portant of these factors is a series of valves, 
baggy membranous projections of the 
veins’ 'walls into their cavities, which only 
allow blood to pass them in one direction. 
These are present even in the smallest end- 
branches of the veins. The veins are 
squeezed by the muscular movements of the 
body, which thus assist in driving blood 
along lliern. During inspiration, for example, 
the veins in the abdomen are pressed upon 
as the diaphragm descends, and during 
voluntary movement of the limbs blood is 
driven out of the capillaries and veins of the 
contracting muscles. It is also possible 
dial the muscle-fibres in the walls of the 
v('ins themselves are capable of slow rhythmic 
contraction. Because of the valves, the 
carious factors tending to compression of the 
ccins can drive blood in one direction only — 
towards the heart. 


Tlic internal pressure in the veins being 
mich lower than that in the arteries, and 
there being no violent pulse to resist, the 
avails of the veins, although they include 
iiuscular and elastic elements, are not 
^f'urly as thick nor as strong as those of the 
|Uciies. The blood-flow in the veins, 
cnving its principal motive force, not 
>^om a special pump but from the incidental 
c 1011 of unrelatea organs, is very much 
sluggish than that in the arteries, 
u c I oss-section of any vein is about double 
t m corresponding artery, and inside 
Teat blood is only about half as 


The time taken by any particle c£ j^lood 
to round the whole double cycle of 

course, according to the particular artery 
along which it happens to be^ driven ; a 
journey from the heart to riic muscles of 
the ribs is very much quicker than one to 
the toes. On the average, however, in a 
man, the time taken is slightly less than a 
minute. 

So it is that the blood travels about our 
bodies. However, there is another system 
of vessels which play a part in the circulation, 
but about which nothing has hitherto been 
said. 

Let us consider once again that all- 
important part of the circulation — the capil- 
lary network. We have spoken as if the 
capillary blood-vessels were in immediate 
contact with the surfaces of the cells, but 
this is not striedy true. The capillary 
vessels are, roughly speaking, cylinders ; the 
cells, according to the nature of the particular 
tissue, may be cylindrical, cubical, spindle- 
shaped, or may assume various other forms. 
In between the celk and the capillaries 
there are minute irregular spaces, and these 
spaces are filled by a clear plasma-like 
fluid — the lymph. In the interchange of 
substances between blood and tissue, lymph 
plays the part of a go-between ; substances 
diffuse from the blood and flesh into the 
lymph, and from the lyi|iph into the blood 
and flesh. Lymph has been compared to a 
middle-man, taking substances from the 
blood and 


handing 
them to the 
cells, and 
vice versa ; 
but, unlike 
a human 
middle- 
man, it 
extorts no 
profit from 



this turn- fig^ i3, prevent 

over, and HQQd flowing in the tvrong 
as a matter direction. 

of fact It 


plays no active part therein. Lymph, in the 
intercellular spaces, is simply a fluid through 
which substances diffuse. It comes from the 
blood and it is destined to return to the blood. 
The capillary walls, as we have seen, arc 
very thin, and the blood in the capillaries is 
under pressure. The pressure is not great, 
but so delicate arc the walls that it is high 
enough to drive fluid through them, and 
there is always a very slow, very steady 
seeping of blo^-plasma from the capiUaries 
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into the surrounding lymph-spaces. This is 
how lymph originates and how the supply of 
lymph is sustained. 

For the return of the lymph to the blood 
there is a system of vessels, very thin-walled 
and delicate, which actually open into the 
lymph-spaces, so that the fluid can escape 
along them. These vessels are called /)>m- 
phatics. They unite with each other, like 
veins, to form larger vessels, and, like veins, 
they guide their contained fluid, which is 
simply filtered blood-plasma, slowly upward 


the chest, the thoracic duct^ and this trunk 
runs up the back of the chest and opens 
into one of the great veins near the heart. 
Thus the lymph is returned again to the 
blood-stream from which it originated. 

Besides merely collecting the blood which 
oozes out of the capillaries and returning 
it to the circulation, we may note here 
that the lymphatic system has some 
interesting special functions connected with 
^e absorption of food, to which we shall 
return later. 



§ 5 

Breathing 

We have already made it plain 
how and why man must breathe, 
and little need be said here about 
the machinery of breathing. It 
would take about three minutes to 
suffocate Mr. Everyman. We all 
know that the lungs are two spongy 
organs, lying to the sides of and 
behind the heart and that together 
with that organ they fill the chest. 
To the cat lover their appearance 
will be familiar, and they will be 
better known as “ lights.” Lights 
is the old word for lungs ; in the 
bills of mortality of the eighteenth 
century, pulmonary consumption 
figures as “ rising of the lights.” 
They communicate through the 
windpipe and the mouth or the 
nose with the outer air. 

The windpipe {trachea) is a strong 
tube, about two-thirds of an incli 
across, which opens into the mouth 
at the back of the throat. The 
walls of the trachea arc strengthened 
and made rigid by rings of gristle, 
so that whatever movements the 


Fig. 19. The Organs of Respiration. 

. The left lung is dissected to show the bronchi. 

towards the heart. They are indeed shadowy 
plasma veins. 

The flow of lymph in the lymphatics is 
slower even than that of blood in the veins, 
and, as in the veins, it is assisted by valves, 
by bodily movements, and probably by 
rhythmical contraction of the vessels them- 
selves. The course of the lymphatic vessels 
is not so direct as that of the veins. They 
unite and separate again to form networks 
and their course is interrupted by passages 
through curious spongy labyrinthine filters, 
the “ lymptglands,” but ultimately the 
lymph IS led to a great main lymphatic in 


neck may make this tube stays 
widely open. . The upper part, just 
below the epiglottis, is modified to 
form the larynx, Adam’s apple, or voice- 
box, but this Structure plays no part in the 
respiratory function. It is a wind instru- 
ment inserted at this point to take advantage 
of the air-rush. 

The trachea runs down the front of the 
neck into the chest, where it divides into 
two branches (bronchi)— one to each lung. 
The biohchi, when th^ reach the lungs, 
divide again, and their branches divide ; 
ultimately, by continual divisioni they lead 
into minute air-channels, lesa^l^ ^ 
dredth of an inch across, 
the substance of the lungs* Uut of these 
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,„,r channels (the JromrAwfe) there open Utflc The diaphragm is concave downwards, 
( lusters of henraphcncal b^, the alveolt, attached round its edges to the ribs back- 
„rl It IS from th«e^veoh that air IS taken bone, and breast-bone, but free in the 
,i|, by the blood. In Ac narrow spacM middle. Ito central part is of tendon, but 
iKiween the densely-pa^ed ^VMh run the its marginal part consists of radiatinir 
the axtenoles (little artcn«^^ muscle-fibres. When these muscles contra” t 
,,„d he venideMlittle veins) ; it u of Ac Ac domed centre is pulled downwards: 
.lUfoh, the bloodvessels, a little pa^ng Ae Aaphragm flattens, pressing on Ac 
„V.e, and Ae oiderly labyrmth of ducts liver, which lies immediately bcneaA it. 
tthuh bring air, Aat Ae Substance of Ae and on the oAer abdominal organs and 
Inns IS compos^ •at Ae same time it helps to incLse the 

I he thorax (the cavity of the chest) is a - ’ '' ' ‘ ^ 

(oiiiplctely enclosed space, with the back- 
bone behind it, the breastr,bone in front and 
(Ik .sloping ribs on either side. All these 
p.irt.s are movable upon one another, and 
by their movements the air is brought to 
[ukI taken from the alveoli. The movements 
:uc of two kinds — movements of the 
[lbs and movements of the dia- 
:)hragm. The ribs, as has already 
If cii said, run round the sides of 
hr thorax from the vertebral 
'ohimn behind to the breast-bone 
n front ; in between the ribs, con- 
K'c ting each to its neighbours, there 
s a sheet of vertically disposed 
nuscle-fibres, the intercostal muscles. 

The action of the ribs depends on 
- ')|nnely structural features. The 


volume of the thoracic cavity. Let us note 
in passing that contraction of the diaphragm, 
since it presses on the organs of the abdomen, 
must be accompanied by a slight bulging 
forward of the abdominal wall. 

Now the thoracic cavity is itself air-tight, 
but there lie inside it these two elastic bags, 


Windpipe 


Veins 


Aorta 



^left 

Lung 


irst is that as the ribs run forward 
licy also run downwards ; the 
l^t.^chn^cnt of any rib to the breast- 
K)iic is lower than its attachment 
0 the backbone. The second is 
hat the ribs are curved, lying as 
licy do in the curved walls of the 
best, and that when the lungs are 

rnpty (he convexity of this curve . — 

(ants slightly downwards. During 20- heart and lungs, as th^ lie in the chest. 

ispiralion the actual movement of 

k' S f. by contraction of the lungs, which communicate freely through 
, , H f ‘ends to pull the trachea wiA Ae outer air. Since Ac 

)lirl V ^ 7 uppermost rib, volume of Ac space between chest-waU 

1)S brintr n n ^ ^ increase of total volume produced by 

[ tlu^ up towards It. As a result these simultaneous movements of the ribs 

till lias f noted, tWs and diaphragm must involve a sucking of 

ownvvard became of the air into the lungs themselves. This is how 

i^warcis thf* the nbs, it pushes the lungs are filled. The opposite phase 

so inr uwer part of the breast-bone of the breathing rhythm — expiration — ^is 
ilK .hest A} ‘^'P*** produced chiefly by Ac dlii^ty of Ac 

'n- nl the rih. ***® t^d abdomen; 

oward. ’ 1 T® P^rts when Ae various muscles relax Acre is a 

^eadih r>f *** increasin^Ae naAral recoil which drives air out of Ae 

beso I r ohest from nght to left, lungs. 

o? “ increasing Ac During ordinary, unforced breathing in- 

lini; |,v if ’ "® »““*cd in so spiration is produced by Ae musdea moving 

aplit.inin, ““*‘*o®ous movement of Ae the ribs Md diaphragm, and expiration by 

die clastic recoil of Ae parts. During 

* 
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violent or forced breathing, however, other 
factors are brought into play — additional 
muscles of the chest and back assist inspira- 
tion, and forceful contractions of the ab- 
dominal wall assist expiration. In men, the 
principal factor in quiet breathing is the 
movements of the diaphragm. In women, 
on the other hand, the principal part is 
played by the upper ribs ; this is because 
at certain times the female abdomen has a 
precious and delicate charge, which might 
be injured by rhythmical pressure from the 
diaphragm. 

In this way the air in the alveoli of the 
lungs is constantly renewed. The alveoli 
are thin-walled structures ; each is bounded 
by a single layer of flattened cells, extremely 
thin. Immediately outside this layer and 
closely pressed against it is the tangled 
mass of capillary blood-vessels, also very 
thin-walled, so that in the lungs blood 
comes into as close a relation with air as it 
does with hungry tissue-cells in other organs. 
As in the latter case, the interchange of 
dissolved substances takes place by a simple 
physical process of diffusion. The inner 
surfaces of the alveoli are damp ; oxygen 
from the air inside them dissolves in this 
layer of moisture, and from this it can readily 
diffuse through the thin alveolar and 
capillary walls into the blood. 

Ordinary room air is for various reasons 
unfit for so great an intimacy as this : it is 
only an improved and chastened air that 
is admitted to the alv||pli. A very con- 
siderable process of punfication and pre- 
paration has had to occur en route from the 
nostrils. Air carries, for example, floating 
bacterial spores — minute organisms in a 
state of suspended animation waiting for a 
chance to get into our warm and nourishing 
blood. The outer surfaces of our bodies are 
fortified against invaders by a strong, 
resistant layer of skin, and it is only when 
this skin is tom that parasites can enter 
from that quarter. In the lungs things are 
different, for the delicate alveolar lining 
could put up no effective resistance against 
them ; they have to be prevented from 
getting there. It is therefore necessary 
to filter the inspired air to remove this 
danger. Moreover, air contains dust, and 
some kinds of dust (such as flinty particles) 
can cause serious trouble if they reach the 
delicate lung membrane. The chief filtering 
organ, both for bacteria and dust, is the nose. 

The cavity of the nose is divided into a 
maze of passages by shelves of bone, pro- 
jecting from its walls and twisted into 
complicated and bizarre shapes. The thin 
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layer of living tissue covering these partitions 
and the lining of the trachea and bronclii 
throughout are provided with thousands of 
glands, each producing a continual trickle 
of sticky mucus, and also with other cells 
whose duties are to distribute the mucus 
evenly over the surface and to keep it 
moving slowly towards the throat. The 
latter cells illustrate a kind of motion, very 
different from muscular movement, of which 
*we have said nothing hitherto. Each cell 
has, rising from its free surface, a number of 
fine, whiplike projections — cilia^ by whose 
continual lashing it keeps in motion the 
fluid layer covering it. Air as it enters the 
nose leaves its coarser particles of dust 
entangled by the hairs in our nostrils. As 
it passes among the labyrinthine curlings 
of the nasal bones, most of the finer particles 
stick to the layer of mucus as flics do to a 
fly-paper ; finally, in the trachea and 
bronchi, any particles that have got through 
the nose are caught in the same way. It 
will be seen that the nose is the most import- 
ant part of our filtering system — hence the 
importance of breathing through the nose. 

In fresh country air the amount of dust is 
small, and practically none of it gets through 
this protective labyrinth into the lungs. 
In towns, on the other hand, the air carries 
soot and various other consequences of human 
concentration, and the alveoli of town- 
dwellers are usually definitely grubby. In j 
some of the less popular occupations - 
coal-mining, for example — the air inhaled 
is so loaded with particles that the normal 
protections arc inadequate, and the alveoli 
and finer bronchioles become choked. The 
lungs of an agricultural labourer are pink; 
those of a coal-miner are black. 

Besides the filtering of dust and bacteria, 
there are other duties that the nose performs. 
In the first place, air is cold — ^imagine an 
incessant cold draught blowing into a mans 
chest and against the walls of his heart! 
But as it filters through the warm channels 
of the nose the chill of cold air is taken off, 
and it reaches the alveoli at a more com- 
fortable temperature. More important than 
heat is the question of water-loss. The 
alveolar walls are moist and their moisture 
plays an essential part in the exchange of 
gases between air and blood. A continuous 
draught of ordinary room air would rapidly 
dry ip the delicate alveoli by evaporating 
their water. But the lining of the nas^ 
cavities is also moist, and air is saturate 
with water-vapour as it passes through 
nose ; thus in the alveou it takes up very 
little. 
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} i is curious to note in passing a system of 
W. spaces running into the bones of the 
, , r and communicating with the nasal 
, xity by means of small openings. Two 
(i spaces may be seen in a skull. 
\j;i)nrently the purpose of these spaces is to 
lien the architecture of the skull. Some- 
nn's they may be invaded by bacteria 
h rough the openings into the nose, or, in 
lu ( use of the large sinus in the upper jaw, 
roiu the root of a bad tooth, and inflamma- 
oi \ conditions may set in. Owing to their 
ituaiion the treatment of such inflammations 
ii\ olves very difficult and painful operations. 
\\U‘ have said that the oxygen from the air 
caches the blood by diffusion. It is 
issolved in the plasma. But the amount 
1 C plasma could carry in a state of solution 
oulcl not be enough for the energy-pro- 
ud ion of a mammal’s body. And here 
is that the importance of the red blood 
arpiiscle comes in. They are specialized 
xygen-carriers. The haemoglobin, the red 
ibstance colouring the red blood-cells, 
imhines chemically with oxygen and so 
icrcases enormously the amount of oxygen 
lat any given volume of blood can carry, 
he oxygen diffuses through into the plasma 
id the red corpuscles pick it up. The 
lemoglobin-oxygen compound is an un- 
able one ; it can exist only where there is 
lunclant oxygen. If there is much oxygen 
)oul it will be formed, and if there is little 
will dissociate. Hence haemoglobin com- 
ncs very readily with oxygen in the lungs 
id gives it up very easily in the other 
isues where there is a want of it. 

As has already been said, it is to haemo- 
^>bin that blood owes its colour. The 
loiH of oxygen-free haemoglobin differs 
)m that of the haemoglobin-oxygen com- 
] ’ J}}? is purple, the latter 

inct. This IS why arterial blood is red 
ide venous blood is purplish-blue. If you 
t an artery the blood jets quickly because 
the pulse of the heart and is scarlet from 
' oiiiset. If you cut a vein the blood 
m a steady slow stream ; it is darker 
^nghtens to red in the oxygen of the 
■ Anaemic people are people who suffer 
J ^ shortage of red blood corpuscles : 

‘ inT energy because of 

oxygen to the cell 
1 l^ed-blooded ” is not a bad 

til ■''•j." person whose tissues 

‘ni vividly alive. 

s im Structure of the 

o ved in this respiratory exchange. 

pi the processes arc very 

The cells of (5ie alveolar walls 


and the red cells of the blood do not perform 
complex and varied functions ; they do not 
contract and relax, or secrete digestive juices, 
or transmit nervous impulses. Their duties 
involve no energy-consuming processes at 
all ; the cells are merely water-containing 
structures through which dissolved gases 
diffuse. We find corresponding to this 
simplicity of function an extreme simplicity 
^ of structure. A human red-cell is little 
more than a minute bag containing haemo- 
globin, and so shaped that it has a very 
large available surface. A lining-cell of 
our lungs is little more than a thin, flat plate. 
They are the extreme of cell simplicity in our 
bodies. 



f'ig. 2 1 . A few cells with cilia, from the windpipe 
[greatly magnified), 

§6 


Kidneys and Other Exhaust Organs 

The next round in our itinerary of the 
immensely complicated aggregation of living 
cell-mechanisms which constitutes a human 
being must be the organs that get rid of the 
exhaust products of billions of these internal 
combustion engines, and which also get rid 
of the waste matters resulting from their 
wear and tear. The substances constituting 
the former class arc two — water and carbon 
dioxide. The members of the second class 
are more numerous. The most important 
is ammonia, but there are also other sub- 
stances, such as uric acid, creatinine, and 
sulphuric acid, containing nitrogen, phos- 
phorus, sulphur, and other elements in vari- 
ous forms. These substances arc shed into 
the blood in small amounts only, and (with 
the exception of ammonia) their presence 
docs not constitute any immediate danger 
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to the living body. Nevertheless, if through 
any derangement of the usual devices for 
their removal they accumulate in the system, 
quietly and insidiously they work evil, 
stiffening the connective tissues, hardening 
the arteries, and producing subtle disordera 
of nutrition. If, for example, there is 
difficulty in getting rid of uric acid, it 
collects in the joints, giving rise in course of 
time to the stabbing pains of gout. Mr. 
Everyman as he gets on in life is apt to 
consume a considerable amount of trust- 
worthy and untrustworthy solvents for his 
uric acid. If the removal of other waste 
products is inefficient, there may be such 
symptoms as headaches, nausea, and vomit- 
ing. In general, the ’results of defective 
elimination are chronic and cumulative ; 
they represent, not an immediate disaster, 
but a slow fouling of the living machine. 

Excretion is the word used to express the 
removal of these substances. Carbon dioxide 
can exist in gaseous form and is therefore 
excreted by the lungs. It diffuses into the 
alveoli as oxygen diffuses into the blood. 
The other substances, however, have to be 
expelled in watery solutions. The principal 
agent in this process are the kidneys and 
liver, although other parts of the body take 
minor shares. The wise physician watches 
for clogging of the kidneys and liver as the 
wise chauffeur watches for carbonisation 
in his cylinders. The kidneys are chemical 
separators ; blood reaches them with various 
undesirable matters dissolved* in it and it 
flows away cleansed, while the impurities 
leave along a different channel, which guides 
them safely out of the body. The liver is a 
chemical accomplice of the kidneys ; it 
performs certain operations on the waste 
products in the blood, and converts them 
into other substances with which the kidney 
can more readily deal. 

The duties of the liver are many ; it is an 
organ to which we shall constantly refer 
in this and subsequent sections. From our 
present point of view, its most important 
function is concerned with the ammonia 
produced by active tissues. Ammonia is a 
definitely harmful substance, and has a 
convulsant action on nerve-centres ; there 
is, therefore, danger in the ammonia which 
living cells are continually shedding into 
the bl(^. It is interesting to note that 
every living cell in us b doing its best to 
poison us as a whole and has to be specially 
restrained. It so happens that as blood 
flows through the liver the ammonia is 
converted into urea, a comparatively harmless 
substance, and in this way its sting is rc- 
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moved. This process becomes particulaily 
important just after a meal, for, as we sh.Ul 
see, the digestion of the nitrogenous sub. 
stances known as proteins involves the entry 
of large quantities of ammonia into the 
blood. Since the whole of the blood fr<^m 
the intestines flows directly along a special 
system of veins (portal veins) to the liver 
the ammonia is all dealt with before it can 
reach and injure any other part of the 
body. If it were not for this protection 
the most serious disturbances would occur, 
for during the digestion of a heavy nieai 
of meat the amount of ammonia produced 
would be quite enough to derange the 
nervous system and throw us into convul- 
sions. 

Besides ammonia, there are other danp;er. 
ous products which are made harmless by 
the liver. For example, bacteria in the 
intestines produce two foul-smelling poisons 
called indol and skatol, which find ihcir 
way in small quantities into the portal 
blood ; but here again the liver inten^encs 
and converts them, before they can reach the 
general circulation, into harmless substances 
that the kidneys can remove. The liver 
may be imagined as a chemical censor of 
the blood that leaves the intestines, detecting 
such poisons as result from the digestive 
process. It does not actually expel them : ; 
it modifies them and then returns the dis- 
armed products into the blood stream for the 1 
kidneys to expel at their convenience. Itj 
has been called the Ellis Island of the body. 

It arrests and it marks the undesirable 
immigrant for potential deportation, it 
manacles him, but it docs not actually 
remove him. 

Our kidneys arc much the same shape as 
those of a sheep that figure on the breakfast- 
table ; they are about four and a half inches 
long and he just in front of the vertebral 
column in the small of the back. Their 
blood-supply is copious ; they receive blood 
by a short branch from the aorta, the great 
main artery of the body, and return it to the 
main venous trunk, the posterior vena cava. 
Since, as we have already pointed out, the 
pressure in the aorta is higher than thaj 
in any other blood vessel in the bodv, anj 
that in the vena cava lower, the head 4 
pressure that drives blood through 
kidneys is enormous, and the curreii 
through them is full and swift. NevertheM 
what they are doing is a work by no 
urgent as the oxygenation rf the blood W 
the lungs, and it suffices that at each heaj 
beat oi3y a part of the blood goj 

through them. But it is a large ? 
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)(^ iuse of the high pressure and swift 
Like the Uver, the kidneys also 
(Misor the blood that passes them, but in 
iildition they remove undesirable molecules 
iHoi^rthcr from the blood-stream, instead of 
1 K 1 Tly neutralizing them. The liver rebukes 
nui neutralizes, but the kidneys expel. In 
idclition to the blood-vessels, there is 
inoilicr tube leading out of each kidney — 
Ik ureter— down which there runs a 
oiiiinual trickle -of water, carrying 
lissolved in it those substances which 
lavc been separated from the blood, 
his trickle of fluid — the urine — 
cruinulates in the bladder, whence 
[oin time to time it is expelled. 

It should not be thought that the 
Illy Ilinction of the kidneys is to 
/ced out poisonous substances from 
lie blood. Their importance is 
ciy much more general than that, 
uty substance, even the most salu- 
u \ , can be harmful if it is present 
1 loo great an amount, and the 
idiieys exercise a general stan- 
ardizing influence on all the 
igredieiits (except gases) of the 
lood-plasma which passes through 

leiii. 

'l’h(‘y regulate the proportions in 
hich the various blood-constituents 
ic present. As an example of this 
illLiencc, we may consider the 
'ccrelion of salt — for there is always 
little salt in urine. We saw in a 
revioLis section that a certain 
[iioLint of salt is a necessary ingre- 
ient of the fluid that bathes living 
isuc ; moreover, this amount must 
- ac( uratcly maintained, for cither 
a ess or lack injures the cells. The 
diK^ys assist in regulating the salt- 
>ncentration of blood by varying 
c proportion of salt to water in 
e urine it produces. Suppose, for 
ainple, that after violent sweating 
mieh involves loss of salt) we 
ink a lot of water, *thc blood be- 
mes watery and contains too litdc 
• d 0 compensate for this devia- 
*n, the kidneys produce a large 
^uunt ol urine which is practically pure 


stituents of circulating blood ; if for any 
reasbn the amoimt of potassium, or sugar, 
or sulphate in the blood is abnormally 
high, the offending substance appears at 
once in the urine. The kidney iii a blood- 
regulator, and removal of actual poisons 
is only one aspect of its regulating function. 

Evidently the amount and composition 
of urine produced by the kidneys will vary 


Vtna CBvs Aorta 



Fig. 22. 77 te organs of excretion. 


ei. On the other hand, during dry 
rn u ’ ^ result of water-evaporation 

1C lungs and skin, there may be too 
tl. '' 1^^^^ therefore too much salt) 
kirl ! ’ under these circumstances, 

Lisi. ^ urine containing an 

f proportion of salt. In this 

^ kidneys control many of the con- 


fixim hour to hour according to the ever- 
fluctuating condition of the body, depending 
upon the amount of water drunk, the amount 
or exercise taken, the size and nature of t^ 
last meal, the stage which its digestion has 
reached, and so on. On the average a 
healthy peraon voids about a litre and a 
hs^ of urine per day, containing about 
thirty grauns of urea (converted ammemia), 
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fifteen of salt, and ten of other soluble 
substances. The remainder — ^more than 
ninety-six per cent, of the total weight — 
is simply water. It is curious to note this 
continuzd loss of water, because water is 
one of the most necessary constituents in our 
blood. The reasons for its expulsion are 
two. Firstly, as we have seen, water- 
excretion may under certain circumstances 
make up for lack of salt in the blood ; 
and secondly, the kidneys can only deal with 
substances in dilute solution. Urea, salt, or 
creatinine do not form gases and cannot be 
got rid of in the lungs ; they must be expelled 
dissolved in water. 

A kidney consists of a multitude of 
coiling tubes. It is buflt up of tubes of two 
kinds. Firstly, the arteries, the veins, and 
the capillaries which connect them together ; 


and secondly, the kidney-tubules, end-branches 
of the ureters, in the walls of which the 
separating processes take place. There are, 
roughly, a million of these tubules in each 
kidney of a full-grown man.‘ The tubules 
end blindly at one end ; at the other they 
lead into the ureter. The details of their 
structure and working are complicated 
and it would occupy too much space to 
go into them at all fully ; the essential fact 
is that each kidney-tubule is surrounded by a 
dense network of blood-capillaries, and that 
a fluid oozes from the blo^ vessels through 
the walls qf the tubule into its canal and so 
to the ureter. But the ooze is not a simple 
filtering like the lymph-ooze that we have 
already described. It has filtration as its 

^ The number of stars that a good eye can distinguish 
on a winter night is between two and three thouiand. 
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basis, but the cells of the tubule wall interfen 
actively and modify it in various ways 
hurrying up the departure of unwanted 
substances and delaying or preventing alio- 
gether the escape of those that are desirable. 
Now this needs energy. A busily excreting 
kidney is working against diffusion just ^ 
a busily contracting muscle is working 
against gravity or inertia or friction, and in 
both cases the energy required is produced 
in exactly the same way— i.e., by burning 
chemical fuels. As a matter of fact, one 
gram of kidney tissue consumes, on the 
average, more oxygen per minute than the 
same weight of the conspicuously labouring 
heart, and, like the heart, its oxygen col 
sumption rises three or four times when it is 
given heavy work to do. 

This co-operation of liver and kidneys is 
the most important 
excretory mechanism 
with which wc are 
provided. But among 
the other organs there 
arc one or two which 
assist in the process to 
a small extent, ah 
though their primary 
duties are dificrent. 
The sweat-glands, for ' 
example, are primarily 
organs which regulate j 
the temperature of the j 
body. But since s\vcat 
contains a little urea, 
the sweat-glands assist 
the kidneys to a cer- 
tain extent in elimina- 
ting this substance. 
They also eliminate 
water. Again, the first 
duty of the salivary glands is to produce a 
digestive secretion, but they have a subsidiary 
excretory function. During the chemical 
operations of our cells minute traces of that 
deadly poison, prussic acid, arc produced; 
this is converted by the liver into a relatively 
innocuous substance, potassium sulphocyan* 
idc, which is excreted partly by the kidneys 
and partly by the salivary glands. In the 
former case it leaves the body at once, while 
in the latter it has first to run the whole 
length of the digestive tube. Similarly bilej 
the digestive juice made by the liver, has afl 
incidental excretory function, for it carritf 
the products of the continual breakdown ofj 
red blood cells out of iBc body via t^ 
bowels. But the most impoit^nt accesra 
excretory organ is the lar^c J 
Among the end-products of vital activity j 



Fig. 23. A kidney consists of a multitude of closely woven tubes. Cut 
across and examined through the microscope, its porous nature is revealed. 
The area shown is about ifiGthof an inch long. 
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)ii()sphate of lime, a very insoluble com- 
K cnd, which would form clogging masses 
(lystals in the delicate tubules of the 
a i'ic-y if it were excreted by this organ. 
l!,is substance is excreted into the large 
III. Stine from the blood-vessels in the 
iiu stinal wall and ejected from the body 
Mill the faeces. Other mineral substances 
irc' also removed in this region. 


§ 7 


How ^ur Food becomes Blood 

\Vt‘ have now made a very extensive 
x.imination of Mr. Everyman’s internal 
\ 01 kings. Since we chose him (with occa- 
ional allusions to his attendant mouse) for 
)ur first examination of a living thing, and 
ujtcd his extraordinary pre-occupation with 
ceding and his close parallelism to a 
iiachiiic, we have illuminated his structure 
ind the nature of his mechanism very con- 
id('icibly. We now know him and the 
nouse his parasite to be extraordinarily 
•onijilex organizations of billions of inferior 
)rings, his cells ; we know that within his 
kill all his body is soaked in blood and 
yinpli ; we have magnified his structure, 
nade him, so to speak, transparent, dragged 
lis lungs and heart and kidneys into the light, 
ind exhibited them in illustrations, and 
howii how part works with part while he 
almost regardless of his immense multitude 
>1 detailed activities within) goes through 
he routines of his daily life. But there still 
cmains a gap before our opening review 
il the routine working this human body- 
tiacliine is complete. We know that he 
lerds food to supply the bl(X)d with the fuel 
0 k(x*p his billions of constituent cell 
nathines going, but we have still to trace 
low the food he packs so sedulously into 
lirnsell becomes the warm, nutritious, com- 
Diting blood which bathes all his internal 
K'ing. lo^ that we will next address 
lurselves. 


; It is possible now to draw up a rough list 
the different kinds of food that he requires. 
VC know that he needs fuel — matter which 
' of yielding, when oxidized, the 

LippJy of energy without which life cannot 
Dntirme. The substances of this class are 
0 Diult into his living structure, but are 
up and stored in his cells, to be burnt 
cn( required ; they correspond to the 
that runs through a motor, rather 
tr) the machine itself. Besides fuel, he 
^ niaterials for growth and for making 
L! . ^ wearing away of the living 

fh that any activity involves. Then 


there are substances, such as the water or 
salt of blood, that arc neither built up into 
protoplasm nor used as fuel, but are never- 
theless necessary constituents of the bathing 
fluid of cells. Lastly, we add to this list 
certain “ accessory food factors,” the so- 
called vitamins, whose r 61 e is still obscure, 
and which we shall discuss more fully in a 
later book. 

Life, however, is not so simple that he can 
sit down to his meals and take so much fuel, 
so much tissue material, so much water, 
and so much of the minor helps and stimu- 
lants. Certain types of restaurant indeed 
mask the dishes with rather doubtful 
indications that they are flesh-formers or 
energy-generators. But life is not so straight- 
forward. Mr. Everyman has to take his 
food as he finds it, and it has not undergone 
nearly as much sorting out as that. The 
simplest item in his consumption is the water 
he drinks, either pure or with various 
colouring, flavouring, or stimulating addi- 
tions. Of that, therefore, we will speak 
first. We have already stressed the pro- 
foundly important part that water plays 
in the living machine. About 59 per cent, 
by weight of the human body is water, 
the proportion varying from tissue to tissue. 
Thus bones, which include a large amount 
of lime between the cells, have only 22 per 
cent. ; but the liver contains 69 per cent., 
muscle 75 per cent., and the kidney, which 
is comparable to a sponge of tubules whose 
pores are full of blood and urine, contains 
^ much as 82 per cent, of water. The 
inside of cells is fluid and consists largely 
of a solution of various substances in water. 
Moreover, water acts in certain characteristic 
ways on molecules which are dissolved in 
it, so that the properties of aqueous solutions 
— upon which vital phenomena depend — 
are unparalleled by other mechanical sys- 
tems. Life without water b about as 
conceivable as music in a vacuum. As Sir 
Arthur Shipley says in hb attractive little 
book Life, * Even the Archbbhop of Canter- 
bury comprises 59 per cent, of water.” 
Water b continually being lost by the body. 
It evaporates from skin and lungs, and it b 
used ^o to flush away the waste products 
of cell activity. To make up for thb loss, 
a resting man needs somewhere about three 
pints of water a day ; a man taking con- 
siderable physical exerebe much more. 

In addition, Mr. Everyman must swallow 
a variety of other substances, chiefly the more 
or less altered living or dead tissues of plants 
and other animab, and trust hb intricate 
internal arrangements to assimilate them to 
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his needs. This assimilation involves very 
complicated changes, for the stuff of tissue 
of dead or dying animals and plants is 
quite unsuitable for immediate entry into 
his blood. To explain how it is made 
suitable involves a certain use of chemical 
terms, and it will make things clears if we 
remind the reader of the exact significance 
of a few expressions that arc unavoidable 
in the discussion, that are always being 
heard when food is under consideration 
and about which most of us are apt to be a 
litde vague and wanting in precision. 

Nowadays we read so much of the “ break- 
up of the atom,” and so forth, that some 
people seem to be in doubt whether they 
may still think and speak about atoms. 
Thirty or forty years ago the atom was 



STONEMASON BOOKBINDER IN BED 

Fig, 24. Energy requirements from food. 

The diagram shows approximately {measured in calories) the energy needed in iwenfyfoitr 
hours by men in various occupations. 


supposed to be a very simple litde particle, 
the smallest quantity, the unit amount of an 
element that could go into combination. 
To-day we understand the atom has an 
extremely complicated structure ; but the 
fact remains that an atom is the smallest 
quantity of an element that can go into 
chemic^ combination. And a “ molecule ” 
still means the smallest quantity of a chemical 
substance that can exist separately. It may 
consist of from on» to a vast number of 
atoms of the same or different elements ; 
but though there are large molecules -bs 
well as small ones, the largest molecule is 
still ultra-microscopic and minute beyond 
our everyday imagination. A water mole- 
cule contains three atoms ; a molecule of 
common salt two ; but in many of the 
48 


substances we shall next deal with thi 
atoms may run to thousands or tei^ 0 
thousands. 

In these discussions on digestion we ar< 
always hearing the terms carbohydrates, fats 
and proteins. Carbohydrates and fats art 
made up of carbon, hydrogen, and oxygen 
They ddfer from each other in the propor- 
tions of these three elements that the^ 
contain. In carbohydrates there are twe 
atoms of hydrogen and one of oxygen tc 
every carbon atom (hence their name, for 
water is HjO), while in fats Ac proportion 
of oxygen is much lower. They differ 
also in the pattern on which the atoms arc 
fitted together. The best-known carbo- 
hydrates are sugar and starch. The term 
fats as used in physiological discussion 
includes the vegetable 
oils (such as olive oil) 
in addition to the 
more obvious fatty 
substances. Both car- 
bohydrates and fats 
are readily combusti- 
ble — hence their im- 
portance to the living 
body. They are the 
chieif fuels tha^it con- 
sumes. They can be 
substituted for one 
another. The Eskimos 
get their energy chiefly 
from oib and fats, 
while the inhabitants 
of a tropical climate 
substitute carbohy- 
drates to a large extent. 

The third class of 
food-5tuf&, the pro- 
teins, arc a vast variety 
of much more com- 
plicated substances, containing not only 
carbon, hydrogen and oxygen, but nitrogen 
and often other elements, such^as sulphur 
and phosphorus and iron. Thou relatively | 
gigantic molecules contain hundreds and] 
even thousands of atoms. Grclatin and j 
egg white arc proteins unmixed with any 
other food substances : of the commoner 
foods, meat, cheese, and v^table seeds 
(such as peas, beans, and Icntiw) are riches 
in protem. Proteins, like fats or carbt^ 
hydrates, can be burnt as fuel, and a larg 
proportion of the proteins we cat is^cd uv^ 
in this way. But they have another an i 
more essential r 61 e, one which they alone c - 
perform. For the actual ot | 

living cell is built largc^ of 


only can they be burnt by ouif angmes ; 


they 



the complex body. machine and how it works 


r(‘ the Steel of which these engines are made. 

rein lies the importance of proteins in our 
ici. Any of the three kinds of fixKi-stuffl 
iil serve as an energy-source, but protein 
1 the only one that can be used for body 
iiilding— for growth and for keeping the 
ssuc-machines in repair, 
lliere is just one other chemical term 
e shall have to use here — amino-acid, 
tfaijse these amino-acids (there arc a 
umber of them) lie at the base of protein 
rue I lire. An amino-acid molecule is 
niple comped with a protein, complex 
oiiij)arccl with water. It contains from 
Ml to twenty atoms of carbon, hydrogen, 
j;yg{ 11 , nitrogen and sulphur, which may 
e put together in 


And now we arc able to describe the 
essential process of protein digestion. The 
body-cells require proteins, but they require 
particukr ones. Tnc proteins in our food 
are different from those in our flesh. It is 
not possible, for example, that the proteins 
of a ^bbage-leaf could play any j>art in the 
activity of a muscle-cell ; its amino-adds 
arc fitted together in the wrong way. There 
is indeed no way of eating the correct Idnd 
of protein except cannibalism, and even 
then there exists no way of getting it direct 
to the blood without unmaking and making 
it again. It is necessary thus to convert a 
great variety of different food-proteins into 
flesh-proteins. The method adopted is as'' 
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Lirious ways. The 
umber of different 
ri angements — in 
Lhcr words, of differ- 
:il amino-acids — that 
avc been found in 
ving tissue is small ; 
lu'ie are about 
w'eii ly-five. Now 
icsc amino-acid 
lolecules can combine 
igethcr, and it is 
jssible for great num- 
us of them to unite 
I Ibrni a single giant 
lolcculc. It is these 
ant molecules which 
e the proteins. 

'I’ll ere are Iwenty- 
/e different amino- 
rids, but countless 
imbers of proteins, 
hat is because 
ere is an infinity 
ways ill which the 
tiinu-acids can be 
alt together. Imagine a box of building 
ocks, containing twenty kinds of bricks, and 
^ut ten or fifteen of ea^ kind. How many 
fferent houses could you build, using from 
ty to a hundred bncks at a time? An 
calculable number. The bricks correspond 
amino-acid molecules, the houses to 
^tciii molecules. Like the houses, proteins 
^r iiuin each other in two ways — ^in the 
^pportions in which the different amino- 
s aie present, and in the geometrical 
f which these acids are arran^. 

complication, a few proteins 
ids ^at arc not r^ly amino- 

[n md^^t^ ^iwicmoglobin contains 






BEEF CHtESE MILK POTATOES BREAD 

Fig. 25. The percentage composition of some common foodstuffs. 
Protein^ cross-hatched; fat, black; carbohydrate, stippled; water and mineral salts, whiU. 

follows : We cat proteins of all kinds ; we 
break them up in our bellies into their 
constituent amino-acids ; we absorb the 
amino-acids into our blood and thus distri- 
bute them to our tissues ; finally, the cells 
take up these amino-acids and fit them 
together to make up the particular proteins 
that they require. 

The work that is done upon the carbo- 
hydrates and fats is quite parallel to what 
is done upou proteins. The most familiar 
simple carbohydrate is glucose^ the chief 
sugar of many fhiits, and especially of 
grapes, and the sweetening constituent of 
lets. This is 


^pborus. 

E 


nuclear proteins contain 


common jams and sweets. 


i the form 


on u 

of carbohydrate which circulates in the 
blood, and all other carbohydrates--*^ 
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starch in potatoes, for example, or tabl^ 
sugar— which arc more complex in their 
composition must be broken down to 
glucose before they enter our real interiors. 
Similarly the fats arc broken down to their 
simpler factors, glycerine and fatty acids. 

Assisted by bacteria in his intestine, the 
mouse can also turn cellulose, the main 
substance of ordinary vegetable tissue, into 
glucose, but in that he has the advantage of 
man. 

In digestion all the three important classes 
of organic foods — ^proteins, carbohydrates, 
and fats — are thus treated according to the 
same general plan ; the molecules are broken 
"up into simpler constituent ones, absorbed as 
such into the blood, and then rebuilt by 
the tissue-cells into other arrangements 
which suit their individual needs. Water 
and the mineral salts that we require are 
not dissected in this way ; their molecules 
ar^ already as simple as need be, and no 
adjustment is necessary. 

In addition to taking the food apart into 
units for protoplasmic reconstruction, di- 
gestion also serves to get the food from the 
open passage of the gut into the real interior 
of the body.^ Insoluble food like starch must 
be turned into soluble compounds to do 
this ; and when molecules are large like 
diose of the proteins they must be broken up 
into smaller ones, which can pass more easily 
through the walls of the intestine. 

All this disintegration involves operations 
earned out with great delicacy and precision. 

It is not a senseless shattering, like the blowing 
up of a house by a bomb ; it is a methodical 
^ing apart of the molecule, a division of it 
into certain units that we need, and units 
which have to be handled with care lest they 
themselves be broken. 

The reader will be familiar with the way 
in which mass-produced motor-cars are 
assembled. There is a long moving plat- 
form on to which the bare chassis is put. 
As it is carried steadily along it passes a 
series of skilled mechanics, each of whom 
slips one particular part into its place. Each 
man has his own special operation that 
he performs on the cars that pass him — a 
part to insert, a particular bolt to tighten. 
The process is so organized that finally, at 
the other end of the platform, the car stands 
completed. Now imagine the motion of 
the platform reversed ; imagine the finished 
car stan<fing at one end and moving past a 
file of highly-skilled dismemberers ; each 
man lifts out one particular part or loosens a 
particular nut and so helps the disintegration 
one stage further ; finally, when me car 


reaches the other end, it has been careful] 
and completely taken to bits. This reversei 
process would be exactly parallel to diges 
tion. Food is passed from chamber t( 
chamber along the digestive tube, and h 
each region it undergoes special and appr^ 
priatc stages of break-down. 

The important point about the image is 
that of the workmen, standing beside the 
moving belt and each a specialist in some 
particular operation, for in our digestive 
tubes the food is attacked and modified by a 
chain of chemical workmen— rthe substances 
known to the physiolomcal chemist as 
enzymes--c2Lch. of which m^es its own adjust- 
ment, and leaves its own mark on the food 

Consider, for example, the digestion of 
starch. Starch molecules, as we have seen 
are complexes which have to be broken up 
into the simpler unit called glucose. As a 
mouthful of bread is chewed it is mixed with 
saliva, and the saliva contains the first 
chemical operator, an enzyme known as 
ptyalin. The ptyalin begins to act on the 
bread at once, and, being swallowed at the 
same time, continues its work in the stomach. 
Ptyalin does not completely digest the 
starch molecule ; it breaks it into parts 
which arc simpler than the original molecule, 
but nevertheless more complicated than the 
final product. On leaving the stomach, the 
bread is handed over to two more enzymes, 
amylopsin and maltose. The former works 
on the pieces that the ptyalin left, and breaks 
them into simpler structures, disaccharides, 
each of which is the equivalent of two glucose 
molecules stuck together. The latter com- 
pletes the process by splitting these dual 
structures into glucose. Thus the starch 
molecule is not suddenly blasted ; it is pulled 
to pieces with precision and method in a 
series of graded stages. So with fat, and soj 
with protein. 

The enzymes are pre-eminently special- 
ists ; maltasc, which specializes in thfi 
handling of disaccharidcs, can do nothing to 
intact starch molecules, and ptyalin, which 
performs the earlier stages, cannot carr|! 
the dissection beyond a certain point. The; 
two have to co-operate. Moreover, lilt«j 
human experts, they arc particular about 
their working conditions. Thus maltase 
refuses to work in an acid medium, and 
shall later note what precautions arc taketf 
to neutralize in the intestine the acidity ® 
the gastric juice. These substances aft 
peculiar in that they act in very smj 
concentration ; they arc consequently haiy 
to analyse, and, beyond the fiict that thtf 
molecules rival those of tte proteins at 
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mplexity, little is known of their constitu- is very much lower than in blood, they do 
wi. work and use up cnei^ just as the tubule- 

J he story of Mr. Everyman s breakfast cells of the kidney do. The salivary glands 
be summarized very briefly. It is of a man may turn out as much as ten times 

their own weight of saliva a day. 

When the food has been masticated it is 
swallowed by the gullet (mop/iagus), a 
muscular tube about an inch across and 
ten inches long, which leads down the 


# 


111 v now be summanzea very oricny. It is 
handed from enzyme to enzyme, and st^e 
hv ?tage it is broken up. The digestive 
iiratus consists of a series of tubes and 

ch-! 
a 


uTibers through which the food passes, and 

r 


Gall bla dder 


Duodenum 


s< l ies of glands which make the disinte- 
giaiing substances. The stages of 
ihi jirocess arc as follows : 

J’lie first workshop, in which the 
dismantling is begun, is the mouth. 

Ill the mouth food is chewed — that 
is In say, it is broken up into smaller 
pieces and thoroughly mixed with 
saliva. The teeth reduce food to a 
sort of shredded pulp, which is 
readily penetrated by the chemical 
substances responsible for digestion, 
riic purpose of mastication is two- 
fold. First and most important, 
saliva is a lubricant, and its slimi- 
ticss facilitates swallowing and the 
passage of food to the stomach. 

After it is swallowed, a well-chewed 
:md therefore slippery mouthful 
Lakes about six seconds to glide from 
[he mouth to the stomach ; a hard 
iry object (such as a cachet of bis- 
muth carbonate) takes about fifteen 
[iiiiiuics. The second function of 
;aliva is to begin the digestion of 
itaieh, which is done, as we have 
icen, by the ptyalin which it con- 
tains. Ideally, when mastication is 
inished and the bolus is swallowed, 
he food should be reduced to a 
inely grained pulp and thoroughly 
nixed with saliva, but Mr, Every- 
nan is generally too impatient for 
his to happen. 

Saliva is made by the salivary 
\lands, o[ which there are three on 
:ach side of the fiice. Each gland 
:onsists of a branching hollow tree 
)f tubes of which the twigs end 
)lindly while the main trunk, or 
ahvary duct, carries the saliva away 
rom the gland to the mouth. The 
|nd tubes are lined by thick cubical 
>els, and it is these cells that actually 
iiri..'^ .T saliva. The saliva contains a 
tnd 1 Vmi^ protein, some ptyalin, 

1 r substance which 

iiicf In manufacturing this 

Dtv'iUn"^ special su^tances 

itinp ir ™°«ovcr, in separ- 

>ronon ™ In which the 

; P dissolved substances to water 


Oesophagus 



Appendix 


Rectum 


Fig. 26. 


The organs of digestion. 
through the chest into 


the 


neck and 
stomach. 

At the back of the throat there arc two 
other openings besides the oesophagus — the 
opening of the nose-passage, floored by the 
soft palate, and the opening of the wind-pipe. 
Swallowing is a complex act involving, 
among other things, me closure of these 
openings so that food cannot “ go the wrong 
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way.” During mastication the food is kept 
at the front and sides of the mouth ; when 
about to be swallowed, it is collected in a 


Adenoid 


Paiate 


Epi9iottis 


Backbone 



Nostril 


Mouth 

Tongue 


■ Lower Jaw 


Vocal Cord 


Thyroid Gland 


Gullet Windpipe 


Pig, 27. Ph£ mouthj ti 056 ^ and thfoat sttu in section 
{as if the head had been sawn into equal halves) to 
display the parts concerned in swallowing, 

lump on the back of the tongue. There is 
then a rapid succession of events : first a 
pause in the masticatory movements, then 
a slight upward movement of the 
diaphragm, then a violent thrust 
upward and backward of the 
tongue, which shoots the bolus 
back into the oesophagus. As this 
last movement occurs the soft 
palate moves back to protect the 
nose-cavity, the cartilages of the 
larynx displace themselves so that 
the opening of the windpipe be- 
comes a tightly closed slit, and a 
furious little flap of cartilage, the 
epiglottis^ which normally sticks out 
into the throat, ducks smartly out 
of the way of the oncoming bolus. In this 
manner the food is flung into the oesophagus 
and at the same time it passes out of otu* 
ken. It leaves the mouth, which is under 
the direct control of our conscious minds, 

5 ^ 


for those dark and mysterious regions of 
whose proceedingipive arc normally unaware. 
The' oesophagus (and this is also ttruc of the 
rest of the digestive tu||c) is able to 
perform active movements automatic- 
ally without any direction from the 
brain. Its muscles arc always slightly 
contracted, and their contraction is 
maintained by the agency of a special 
local nervous system in its tissues. 
The presence of a boli|^ in any part 
of the oesophagus, large enough to 
stretch its wall, sets these muscles 
going. The part of the oesophagus 
immediately in advance of the bolus 
relaxes, becomes loose and flabby, 
while the part immediately behind the 
bolus contracts vigorously. As a result, 
the bolus is squeezed forward by the 
tightening mu^c into the looser part. 
But as it moves forward it sets up the 
same changes ; the part immediately 
behind it contracts and urges it on, 
while the part in front slackens to 
receive it. In this way the bolus is 
driven on by a ring of contraction. 
This process is called peristalsis. In the 
oesophagus, peristalsis is so powerful 
that a man can swallow perfectly well 
when he is standing on his head. He 
can and most animals do drink “ up- 
wards,” and in cases of operation in 
this region the danger of an instru- 
ment being swallowed if once it gets 
into the gifllet has to be provided for. 
Whatever the patient may wish in the 
matter, his ocsopha^ will follow the 
laws of its own being so soon as it 
gets a grip. 

The stomach has a capacity of about 
three-and-a-half pints. It has two openings, 



Fig. 28. How food is squeezed along the digest^ tube. 

The walb of the latter tighten behind the mouthfid tn 

front of it, 

that of the oesophagus, through which the 
mixture of food and ^va enter* J 

and that of the duodenum Itte 
of the intestine), through sW the produco 
of gastric digestion go oufc Ihe waUottD 
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it()]i uich IS complex in i|||ymmute structure, 
he essential jjkrts to noTO being the-inner 
ay( i, containing thousands of glands which 
xiak the gastfic juice, and an outer layer of 
ilai, . muscle-fibres, by means of which the 
toni;ich executes slow churning movements 
lurms digestion. ^ 

l\)()d remains in the stomach for at least 
in hour and undergoes slow permeation by 
he gastric juice. At the beginning it is 
lardh altered from its original state ; it 
las been coarsely shredded and mixed 
vith a slimy lubricant and the break-down 
)f some of the starch has begun, but it retains 
ts cellular structure almost intact, and the 
iroiciiis and fats have not yet been attacked, 
during its sojourn in the stomach it is 
cduc( d to a homogeneous texture, the cells 
)eiiig destroyed and all trace of structural 
)rgaiuzation eliminated ; at the same time 
he digestion of starch continues and that of 
)rotcins and fats is begun. The final result 
s a soft, slightly acid pulp known as chyme. 

I he gastric juice is a liquid made by a 
nultitudc of very tiny and simple glands 
ituated in the inner layer of the stomach 
vail. It has several important characters : 
t is acid, containing a little hydrochloric 
icid, and it includes enzymes— which 
ttacks proteins, and lipase^ which attacks 
ats. The glands begin to secrete this 
nice about five minutes after a meal is 
wallowed and it soaks slowly into the new 


noted, however, that the extent of fat 
^estion in the stomach is very slight, for fats 
have a tendency to form Comparatively large 
sphetical droplets, into the interior of which 
neither hydrochloric acid nor lipase can 
penetrate, and the extent to which these 
substances can attack hts is limited by this 



30. A few of the cells which accumulate 
hoards of fat for use in time of needy greatly 
magnified. 

The drops of fat are shown black. 

factor. To the end the chyme contains 
little droplets of undigested fa^t. 

Let us insert here a word or so about this 
characteristic of oils and fats and certain 
consequences that it entails. Anyone who 
uses brilliantine or who makes his own salad- 
dressing knows how hard it is to mix oil 
with liquids like water or vinegar. Oil and 
fat are exclusive ; they keep themselves 
to themselves. The fats which are 
stored in most fatty substances (such 
as meat-fats) are there in the form of 
droplets, and consequently when the 
cells containing them are broken down 
by pepsin they escape in droplet form. 
This handicaps the enzymes, which 
can only work at the siuiaces of the 
drops and cannot get at the interior. 
But in some foods— egg-yolk, for ex- 
ample — the fats arc already finely 
divided, and being therefore accessible 
'ip nn A f r .L , » enzymes arc almost completely 

nrnpmpnfc ? ^ responsible for the digested in the stomach. This cxdu- 

of he digestive iubcy greatly magnfied. siveness of fats, we may remark, is 

probably the reason why fat is the 
chief stored fuel found in the body. Ii:| 
many of our tissues, and especially in tkm 
liver, there is storage of a carbohydrate? 
gljwgcn, but only in limited amounts. 
Glycogen, being soluble in water, cannot bo 
accumulated in a cell without affecting its 
^g^stion of ccrimn chemical and physical processes, but a &t 

influence of partly mder remains aloof and docs not interfere with Ac 



erhi ** produces 

ifosTn' X important changes. The 

Sn,i ^ dissection of protein 

inrnl.. of 

re K ** canc-sugar, 

nd broken ^y'f'ochloric add 

to glucose. A certain 


A f®** processes about it until it is called into use. 

oithekpase. It should^ A being with &ced n^-tiiues like Mr. 
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Everyman might very well dispense with 
such storage. But his body will insist upon 
hoarding droplets of fat in all sorts of odd 
corners — ^under his skin, in between his 
muscles, in his bone-marrow, in his liver, in 
the membranes of his abdomen — ^if he gives it 
a chance. He must diet himself or take exer- 
cise to bum up his fuel surplus if he does not 
want to be encumbered with this provision 
ag^st a highly improbable involuntary fast. 

But to return to our story, of digestion, the 
most important aspect of the stomach- 
phase is the breaking down of proteins by 
pepsin and the consequent loss of structure 
which prepares the food for more effective 
action in the intestine.^ 

The permeation of the food mass by 
gastric juice is a very slow process, so slow 
that the portion lying in the middle of 
the stomach may not be reached for over 
half an hour after swallowing. This fact 
is an important one from the point of view of 
starch digestion. Ptyalin cannot work in 
an acid medium and is therefore inactivated 
by gastric juice ; but during the thirty 
minutes or so before the middle of the food 
mass is got at by the juice, digestion of 
starch by ptyalin continues. At the same 
time, there is another activity in the central 
zone. We invariably swallow with our 
food a certain number of bacteria ; these 
organisms, finding themselves in a warm 
place with plenty of food material, grow 
and multiply exuberantly. There is time 
for at least one complete generation of bac- 
teria before the acid reaches and extermin- 
ates the little colony. 

As we have already pointed out, the 
process of gastric digestion is assisted by 
slow churning movements of the stomach 
wall. These movements are like the peri- 
staltic waves that drive food along the 
oesophagus — ^they have the form of rings 
of contracted muscle, embracing the stomach 
and moving downward and to the right in 
the direction of the duodenal opening. 
The waves move steadily and slowly. They 
originate near the middle of the stomach, 
at intervals of from fifteen to twenty seconds, 
and they creep alor^ the stomach like 
ripples moving incredibly slowly over the 
l^ace of a pond. The effect of the waves 
is to mix up the stomach contents and to 
drive them towards the tube along which they 
are to depart. 

. ‘ The clotting of milk which occurs in the stomach 
IS due to a change in its protein constituents. This 
change u often taken as evidence for the existence 
ot a separate enzyme, rennin : byt it is probably due 
to pepsm. ^ ' 
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The way out o$g|he stomach, the opening 
of the duodenum, is called the pylorus (the 
gateway). It is guarded by a powerful 
ring of muscle which normally keeps tiie 
exit tighdy closed. The pyloric muscle is 
a sentinel, and will not allow food to enter 
the intestine before it has been adequately 
treated in the stomach. During the early 
stages of gastric digestion, before the food 
mass is ready to pass on to the next stage 
the pylorus remains shut ; the sluggish 
contractions of the stomach cannot push 
matter through it, but merely produce 
eddies and currents in the food mass. As 
digestion proceeds the stomach-waves be- 
come more and more forcible, and the 
pylorus begins to open ; with every w ave 
a little jet of chyme escapes into the intestine, 
and so, when ready, it is passed on. 

It is clear that the time spent by a meal in 
the stomach will depend upon the ease with 
which it is digested. Thus veal, particularly 
minced veal, is easily broken up and is 
not detained for long ; but pork, being 
more resistant to the gastric juices, remains 
in the stomach for about four hours. If 
a draught of water be taken on an empty 
stomach, to quench thirst, the pylorus 
relaxes at once, and it reaches the duo- 
denum in one or two minutes. For obvious 
reasons, the thoroughness of mastication 
will affect the digestion-time ; a properly 
chewed and shredded meal is much easier 
to permeate than a meal that is gulped 
down in lumps. That is why Mr. Everyman 
does well to read or talk during his meals 
and take and deal with his mouthfuls 
slowly. The cult of Fletchcrists is a health 
cult which makes a great point of never 
swallowing solid lumps of food. Flctcherisls 
just go on chewing until the food is practi- 
cally liquefied. TThey claim that they arc 
rewarded by great digestive tranquillity. 

The small intestine is a tube about an 
inch across and some twenty feet long, 
which forms an intricate coiling mass in 
the abdomen. The whole tube is very 
uniform in its minute structure, but physio- 
logically it is possible to distinmnsh between 
the first and second halves. In the form^ 
the digestive process is completed, whuc 
the latter is chiefly concemcd#vith wc 
absorption of food into the Dwod. W 
shall deal at present with the first 
We have seen how die int«tine lea 
out of the stomach. Some four inches ho® 
the pyloric opening tha^ opens into i 
narrow tube. This tube has two ^ 
coming from important digestive ' glsn 
the liver and die pwmSt it serves 
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can 7 the juices made by these glands into 
tia intestine. Each has Acntially the same 
Rtniciure as a salivary gland, but they are 
lai[.cr and more complicated. 

1 he liver is by far the larger of the two 
oi^jns. Everyone knows its shape and 
prniiion. It secretes a greenish fluid called 
hii( which trickles slowly down a tube, 
thr bile duct, into the small intestine. If a 
rural is being digested, the bile runs straight 
do\\n to the intestine ; if not, it is stored 
until required in a hollow sac, the gall- 
bladder, which lies at the end of a side 
branch of the bile duct. The secretion of 
bile is more rapid during digestion. 

rhe pancreas (the sweetbread properly 
sf) called of domestic animals, though other 
glandular matter is frequently dished up 
under this name) is a smaller gland, 
pink, about eight inches long, .having an 
irregularly elongated shape, and lying in a 
horizontal plane behind the stomach. It 
^ecretes a colourless pancreatic juice, which 
Bows directly along the pancreatic duct 
to the intestine. 

Moreover there is yet another supply 
)f ferments. The intestine, like the stomach, 
las in its wall an enormous number of 
ninute, simple glands, whose tubules open 
nto the intestinal canal. These glands 
nakc the intestinal juice, or succus entericus, 
i fluid which plays a part of the utmost 
niporlance in the digestive process. These 
^arious juices act not only on the food, but 
lIso on one another. The presence of bile 
tiakcs some of the enzymes in the pancreatic 
uicc more active, and the succus entericus 
loiiverts inactive “ enzyme-precursors ” in 
hat juice into active enzymes. 

The chyme is mixed with the secretions 
f all these glands as it enters the intestine, 
nd so becomes exposed to the action of a 
nuch more vigorous team of enzymes than 
leretofore. I’hey attack it simultaneously, 
pntiniiing and finally completing its diges- 
ion. It is quite possible for a man to 
dapt himself to live without a stomach, 
|ut his small intestine is essential. Proteins 
“or, rather, the shattered results of the 
astric digestion of these substances — are 
stacked by two enzymes, trypsin and erepsin, 
by the pancreas and intestinal 
all. 1 i^sin specializes more in the earlier 
fid middle stages of protein dissection, while 
epsm is concerned with the splitting of the 
^nultimate products. Between the two 
imutem molecules are completely taken 
7ri into their constituent amino-acids, 
pohydrates also have been reduced to 
smuhibie glucose-all, that is, that Mr, 


Everyman will get out of his meal, for he 
may well have eaten more than his interior 
was prepared to cope with. Fats are fallen 
upon by certain substances present in bile, 
the so-called bile-salts, which overcome their 
stubborn tendency to form large droplets 
and disperse them into a state of minute 
division, called an emulsion. (In physical 
language, the bile salts lower the fat’s 
surtace-tension.) When this has been done, 
the fats are readily assailed by lipasi^ an 
enzyme made by the pancreas, which splits 
them up into their last stage of fatty acids 
and glycerine. Thus for all the main 
classes of organic food-stuffs is the process of 
digestion completed. 

But besides the various enzymes there is 
another important substance in this region, 
contributed by the pancreas. This is car- 
bonate of soda. The enzymes just mentioned 
will not work in an acid medium, therefore 
the acidity of the chyme has to be neutralized 
before their operations can be performed. 
This is done by the alkaline carbonate of 
soda. 

As in the stomach, digestion in the intes- 
tine is assisted by muscular movements. 
The wri things of the intestinal tube are of 
several kinds. There is, for example, a 
slow, regular swaying of whole loops of the 
intestine from side to side, and there is 
sijdden chopping up of a straight length of 
intestine into segments by the appearance 
of a series of local contractions. These 
movements can be studied by giving an 
experimental meal containing bismuth, and 
examining the subject with X-rays ; the 
bismuth casts a dense black shadow, and so 
the movements of the food can be watched. 
The meal is seen to remain for a time in 
each loop of the intestine, undergoing various 
rockings and churnings which thoroughly 
mix the chyme with the digestive juices. 
After a little time a strong peristaltic wave 
runs along the loop, and sweeps the mixture 
into the next, where it suffers another period 
of mixing. Its progress is therefore irregu- 
larly rhythmical ; it pauses for ^time, to be 
thoroughly churned, then sweeps on for a 
foot or so, then pauses again, and so on. 
In this manner, in some three hours, the 
meal is worried along the twenty odd fe^ 
of small intestine, and its entry into ^ 
blood-stream made possible. ^ 

Now the inside surface of the intestinal 
tube is given a velvety appearance by the 
presence of myriads of finger-Kke projections, 
the tfilli, each about a twenty-fifth of an inch 
long. But it is restless velvet ; the villi 
wriggle about when a meal is beii^ digested, 
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little worm-like tube, three or four inches is food residue, since such residue has been 
long, and ending blindly, the appendix, used to build up bacterial bodies or as fuel 
In man these structures have no functions for bacterial activity. Most of it is dead 
that other organs cannot carry out — ^indeed, cells that have dropped off the intestinal 
it is probably better to be without an appen- wall, just as dead cells are constantly peeling 
dix, for it may be the seat of acute and even off our skins. This dropping off of dead 
fat^ inflammation. cells has, of course, nothing to do with 

It is improbable that the human large nutrition, and it is remarkable that pro- 
intestine plays any important part in diges- fcssional fasters have produced faeces after 
tion. People can live to be healthy and taking no food for thirty days, and that 
active after its removal. When the remnants faeces can be generated in the colon even 
of our meal pass the ileo-caecal valve they when its connection with the small intestine 
have lost at least ninety-five per cent, is artificially closed, 
of their fats and carbohydrates, and they It is interesting to point out in conclusion 
contain less water than the amount shed here that Mr. Everyman is fitted up with 
into them by the various glandular secretions a food canal which is certainly too long for 
they have received. The greater part of his present needs, and that even in the case 

of the healthiest human being a 
fermenting multitude of these alien 
bacteria form a frequently mis- 
chievous foreign quarter in the 
intricate community of the body. 
They increase and multiply in com- 
plete disregard of their host and 
may cause him the distresses and 
inconveniences of colitis and various 
other annoyances. In the mouse 
the caecum and the large intestine 
have definite and essential uses. To 
the mouse they arc indispensable. 

We have already pointed out that 
Mr. Everyman gets his food more 
regularly and surely than docs the 
mouse. It is also better chosen, 
and it is prepared in various ways 
that anticipate digestion. The hun- 
gry mouse in hard times will do 
33* ^ small part of the inner surface of the intestine y tremendous feats of digestion, from 
magnified. boots to carpets and grease-paint, 

The Jinger-like villi absorb food; among them are the mouths of are quite beyond the present 

glands which make a digestive juice. The oval in the middle is a powers of Mr. Evcryptian. for him, 
guard-house against bacteria. under existing conditions, the small 

intestine seems to be nearly all that 
this residual water is absorbed in the large he requires. Intestinally he is over-equipped, 
intestine. As far as other substances are An eminent London surgeon has declared 
concerned, although the possibility of further that Mr. Everyman might with advantage 
absorption during the slow progress of food be deprived of stomach, appendix, and large 
along the large intestine (a progress that intestine, and benefit (ultimately) by the 
takes about twelve hours) cannot at present change. Perhaps as the enlargement of his 
be absolutely denied, it is at least certain belt begins to trouble Mr. Ever^an he may 
that whatever occurs is insignificant. More- be persuaded presently to try this heroic way 
' over, the large intestine is a hotbed of bacterial back to the slenderness of youth. 



putrefaction. Any bacteria that can success- 
fully resist our digestive processes flourish 
in this warm, relatively restful situation, and 
consume the undigested parts of our meal. 
It has been calculated that as much as 
fifty per cent, of the faeces (exclusive of 
water) consists of living and dead bacteria. 
It is unlikely that much of the other half 


The Continual Struggle Against Infection a 
Chill 

Before we conclude this 
Body-machine or Cell-community ^ 
constitutes the material substance oi 
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veryman, we will say a little more about 
rrtain of its defensive activities. Apart 
, jin the graver dangers of fire and flood, 
,) and traffic, it is continually being 
^.ailcd by more insidious and deadly 
lA aders. 

Jn our account of the blood we described 
iu police-activity of the white corpuscles 
'ru.ocytes or phagocytes— vfhxit cells’* and 
consuming cells ” are alternative names 
them) which fight and devour those 
ai icria that are swallowed in the food or 
liicrwise reach the blood-stream. At times 
us police work attains dimerisions 
lai make it comparable to warfare. 

Ik main frontier of the cell-empire 
lat vve know as Mr. Everyman is 
le skin, and we may devote a little 
ttcniion to the organization of this 
rsl line of defence. 

Fig. 34 presents a section through 
small part of the skin and the 
ndcrlying connective tissue. At 
1C upper surface separating the 
ssucs beneath from the outside air 
icrc is a layer of special cells, the 
lidemis. The deeper cells of this 
yer are constantly growing and 
ividiiig ; because of this continual 
lultiplication they spread outwards 
(wards the surface. But as they 
iread they become cut off from 
icir blood-supply, for the capillaries 
) not extend into the epidermis, 
nly the deepest epidermal cells arc 
'operly nourished ; the others arc 
1 in various stages of starvation, 
he most superficial cells, being 
motest from the blood-stream, 
tiially die, the outermost layer 
mg composed of dead cells. 

Now these dead cells are dry and 
rny ; they form a tough rampart 
tween the outer world and the 
mg tissue. These cell-corpses are 
:imarily brushed or washed away 
they die ; but when they arc allowed 
accumulate, as under a bandage which is 
un^ne for many days, they form dense 
o*’ scarf-skin, 
bodies die 

vision If by the active 
“Do^ri deeper layers, new cells 

nLr, starve and die so that the 

renewed from within. The 


most layer has a winding appearance which ■ 
suggests the Great Wall of China. The 
parallel is a good one; the skin guards 
the body from flic Mongol hordes of bacteria. 
But if the Great Wall had been built of the 
mummified bodies of Chinamen the parallel 
would be closer. 

Sometimes, through a cut or a scratch, a 
breach is made in the wall, and the bacteria 
lurking in the air or on our skins make an 
entry, whereupon there follows a battle 
royal in^ our tissues. The first response 
to any injury to the epidermis is a dilatation 
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Fig, 34. A vertical section of shiny as seen through the 
microscope. 
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of the capillary vessels in that region. 
Chemical products of the injured stuff 
stimulate them to dilate. By thus increasing 
Ac local blood-flow reinforcements of white 
corpuscles are at once rushed to the affected 
spot. 

If the process be watched in a transparent 
tissue, such as the web of a fi-og’s foot, the 
movements of these skirmishers can be 
traced. At the region of injury these defend- 
m can be seen to leave the capillaries, 
^cy elbow their way, so to speak, Wtween 
Ac hymg cells of the capillary wall and reach 
Ac intercellular spaces. Here they fall 
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upon the bacteria and, incidentally, upon 
any injured or dying tissue-cells, and consume 
them ; they take them into their own bo^es 
and digest them. If the injury be a slight 
one, and the invading bacteria few and 
relativdy harmless, the leucocytes have no 
difficulty in cleaning tip the situation. A 
few hours after their entry into the battle- 
area they have withdrawn, presumably 
along the lymphatic vessels, and nothing 
is left but healthy tissue-cells, actively 
dividing in order to reconstruct the tissue 
that has been broken down. But if the in- 
vasion is more serious the struggle lasts longer. 
More and more leucocytes are brought to 
the battle-area, which becomes to the mind 


now quite cut off, the skin breaks down and 
the abscess “ points,** discharging its contents 
into the outer world. Mr. Everyman washes 
it, ties it up, and docs his best to forget it. 
But not always do the leucocytes prevail. 
And then the bacteria may succeed in 
invading the blood-stream, and once they 
have got access to blood-vessels they are 
swept round the body, and all the tender 
tissues of Mr. Everyman are at their mercy. 
This is when the warfare becomes really 
serious for him. Leucocytes join issue with 
the bacteria in the blood, fresh armies of 
leucocytes are formed in the bone-marrow, 
the lymph glands, and other special centres 
of proliferation, and at the same time there 
is a chemical battle between toxins 



(poisons) and antitoxins. The whole 
body becomes the scat of war, and 
the mental serenity of Mr. Every, 
man has to be subordinated to the 
urgent struggle. He has a fever, 
he says, goes to bed in order that 
his bo^ly energies may all be 
mobilized for this war, and he calls 
in the aid of a doctor, an allied cell- 
community, so to speak, for advice, 
comfort, and medical munitions for 
the struggle. 

The power to swallow up and 
destroy hostile cells is not confined 
to these phagocytes, which wander 
about in blo^ and tissue. In the 
spleen there are localized cells which 
take in any undesirable bodies from 
the blood that circulates past them. 
During undulant fever, for example, 
the splcen-ccUs are found to be full 
of the organisms responsible for that 
complaint. The two parts of our 
interior surfaces which arc most 


35- A thin section of the human scalp, magnified, exposed to infection ar(| also pro- 
to show how the “ roots ’* of our hairs are constructed, tected in this way, for ceUs in 

liver exercise a similar filtering 


of Mr. Everyman “ sore and inflamed.** 
The bacteria, keeping and extending their 
footing, muldply in die tissues and destroy 
tissue cells ; the leucocytes frantically 
consume boA bacteria %Xid debris, and in 
excess of zeal, perish themselves of indiges- 
tion. At the end of a day or two, if we exam- 
ine the batticficld with a microscope, we 
find a mass of dead and dying bacteria and 
cells, a mass that is disintegrating into the 
yellowish fluid called “matter,^ or pus, 
and round this mass we find a cordon of 
living leucocytes, sheathing it and hemming 
it in so that there can be no further spread 
of the trouble. Finally, since the blood- 
supply (ff the skin lying over the abscess is 


power on blood from the intestine, and so do 
cells in the lungs. Moreover, die walls ol 
our intestines arc dotted with special ov^ 
areas where leucocytes can be formed whei 
necessary. These guard-houses calico 
Peyer’s patches. Presumably this is beca^ 
of the bacteria that swarm tn our digestiv 
tubes, warmed by our own heat, and takinj 
our food not only out of our mouths bu 
out of our very bowels. To an organise 
able to resist our digestive juices— and ther 
are many such — the tender intestinal wa 
affords an easier way of cntr)j;mto our bl^ 
than the homy skin, and ir i$ thereto! 
necessary to garrison strongly that 
point in our defences. The tonsils 
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and the appendix, at the entrance 
i the large intestine also, are composed 
, jrcly of leucocyte-forming tissue of this 
I ,i. They are particularly strong salients 

1 the line dF defensive fortification. So 
nearly every vulnerable point Mr. 

\(jyman is garrisoned against his smallest 
ii)(i greatest) enemies. 

ji is not only against positive infection 
1,1 his multitudinous commonweal must 
L’i; iicl itself. Mr. Everyman is everlastingly 
•sistnig certain physical processes, as per- 
stoni and insidious as his bacterial foes. 

like the mouse and all other mammals 
;ul birds, he has to keep himself warm 
isidc. He belongs to a large and dominant 
irt of machines called warm-blooded 
cat Li res, of a distinctive delicacy and 
[‘rsatility. It is only within a very limited 
irige of temperature that his protoplasm 
m work at its best. That is probably 
uc of all living things, but while the 
aniJ-l)looded creatures keep going as a 
lie ill almost all the weather changes to 
hicli they are subjected, the cold-blooded 
features lie up and become inactive when 
is too cold or too hot. Their bodies 
rquicscc in the temperature of their 
jnoiiiiclings and all tliat it implies in 
uggishriess or liveliness, while the warm- 
lootl( d creatures are generally warmer than 
icii surroundings and will not consent so 
[:adily to follow the intimations of the 
rrnonifiter. The temperature of a healthy 
Ill’s blood Ls about 37"^ Centigrade (98*4 
hiriilicit) and its fluctuations are frac- 
iial. (A moderate and agreeable tem- 
raturc for a room is about 16° C., or 
F.) His sensitive body shows signs of 
tress with a fall or rise of two or three 
grees (Fahrenheit) in his internal tempera- 
ic. A rise of this amount is enough 
Itself to^roduce fever symptoms, head- 
lie, malaise, and loss of nervous and 
iscular i>ower. But the essence of the 
tiger of a chilled condition lies in the 
iiinished alertness of the leucocytes. In- 
tioiis iliat are quite easily disposed of 
tier normal conations may now make 
adway. Colds, influenzas, bacteria al- 
lys besieging the body, but normally held 
t^ay, get successfully bxisy as the immedi- 

2 result of a chill. 

Tile body is continually losing heat to 
' t:ool» I air which is usually around it, 
d thetdbre it must have internal sources 
keat to keep its temperature up. This 
f 'production is the result of the continual 
'^tcal activity of our muscles and glands, 
example of the processes needed to keep 


our muscles taut and ready for action. 
The temperature of the body depends upon 
a balance between this internal heat- 
production and the loss of heat from the 
skin. Both these facton may vary and need 
to be regulated. The tatc ofncat-production 
depends on the act|i|^ of our tissues, and 
of our muscles in pam^lar ; it is very much 
greater during severe exercise than at rest. 
The rate of heat-loss depends on the state 
of the air ; on its temperature, motion, and 
humidity. Therefore, since our own tem- 
peratures must be kept strictly constant to 
secure bodily efficiency, there must be some 
method of regulating both heat-production 
and heat-loss, so that the variable factors 
may be compensated for. 

To a certain extent this is done by con- 
trolling our own heat-producing processes. 
Shivering, is a way of producing heat by 
otherwise pointless muscular activity. But 
such control, since it involves interference 
with our own life-proc^es, is inconvenient. 
The chief part in temperature regulation is 
played by the skin, which in the case of 
man is supplemented by clothing. 

In most warm-blooded animals the skin is 
clothed cither with hair or feathers. A 
hair is a r<Xi of dead cells, proliferated from 
a living root, that sticks out from the skin 
into the outer air. The part that lies inside 
the skin is housed in a tube, the hair- 
follicle. Round the mouth of the follicle 
there is a sensitive nervous belt which we 
will consider later, and opening into it 
there are one or two sebaceous glands which 
secrete a natural brilliantinc to keep the 
hair and skin supple. The outside parts of 
the hairs form a forest in which imprisoned 
air stagnates, so that heat loss by convection 
is reduced. At the same time, since air is a 
very poor conductor of heat, heat loss by 
conduction is also diminished. Man, how- 
ever, does not produce hair or feathers for 
himself ; he stc^ them from other creatures 
or replaces them by woven vegetable fibres. 

To .a certain extent the insulating power 
of this air-layer in fur, feathers, or clothing 
can be varied. Lx very cold weather a 
mammal’s fur stands on end and a bird’s 
feathers arc ruffled up in order to increase 
the thickness of the air jacket. Under the 
same circumstances a man ^ets **goose- 
fiesh ” and his hair, such as it is, bristles, 
which is a feeble attempt to do the same 
thing. He relies, however, more andyix^ore 
on Iw hat and overcoat to replace Nature’s 
fiulinggifb. 

The chief mechanisms of heat-r^piladon 
are two— A^ariation in siase of the skin- 
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capillaries, and perspiration. The skin is 
an adjustable radiator. By dilating the 
blood-vessels in the skin the amount ^ of 
blood that is exposed to the cooling action 
of the air can be increased : therefore we 
redden when we are too hot. We are 
increasing the amount^pf blood in our air- 
coated radiator. Conversely when we are 
too cold the vessels of our skins contract ; 
we blench and the skin pales, and may even 
become bluish from lack of bright red 
oxygenated blood. Perspiration is due to 
the action of the sweat-glands^ which pour 
out on to the surface of the skin a fluid that 
consists very largely of water. That evapor- 
ates and cools us. It is our most effective 
method of temperature regulation. By 
sweating and so cooling his body a man can 
stand exposure to a temperature at which 
water would boil. As early as I775> ^ 
Mr. Blagden reported to the Royal Society 
experiments on this subject. He describes 
how he and others who stayed for some 
time in a dry-heated -Itoom at the teniperature 
of boiling water found that “ the air heated 
to these degrees felt unpleasantly hot, but 
was very bearable.” They were particu- 
larly struck by their power of keeping their 
own temperature constant in spite of the 
heat around. Whenever we breathed 
on the thermometer, the quick-silver sank 
several degrees. Every expiration gave a 
very pleasant impression of coolness to our 
nostrils.” 

It is indeed perfectly possible for a living 
man to remain in a hot chamber long enough 
to see the dead flesh of a mutton chop cooked 
by the same heat that his temperamre-regu- 
lating machinery enables him to withstand. 


But to endure such heat the air around a 
man must be dry. If the air is^ already 
charged with water-vapour, or if he is 
immersed in water, his sweat cannot evapor. 
ate and is therefore useless ; under the 
circumstances such a temperature would 
be rapidly fatal. That is why damp 
heat is so much more oppressive than dry 
heat. 

And so we realize why it is that Mr. Every, 
man, as he grows older and wiser, and as 
his heat-regulating devices lose a little of 
their elasticity, becomes more^ and more 
solicitous about his overcoat, his umbrella, 
his neck wrap, the soundness of his shoes, 
and the texture of his underclothing. Next 
perhaps to his urgent need of air and food is 
protection from these bacteria which pursue 
him night and day, and from the chill 
which enfeebles his resistance to them. 
These invisible enemies may drive him an 
exile to warmer and drier climates. They 
may become the dominant interest in liis 
life. So long as he lives he is never safe 
♦from them. 

We may doubt whether the mouse organi- 
zation is any better defended than the man 
organization against infections and chills. 
If it is troubled less by intelligent anxiety 
it is probably much more distressed and 
driven by hunger and fear. But when 
illness and weakness come upon a mouse 
it is far more prompdy removed from the 
world, and we do not hear of its distress as 
we hear of those of the man-machine. It is 
because Mr. Everyman struggles so persis- 
tently against the forces that would destroy 
him that we are so acutely aware of them 
in his case. 
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§ I 

A Study of Adjustment 

[TTE are “fearfully and wonderfully 
^ made,” says Holy Writ, and all that 
as gone before must seem to the reader 
,ut an elaboration and filling in of that 
talcment. Probably the thing that will 
[cni most marvellous to him will be the 
o-ordi nation of this intricate diversity of 
ells and organs, all so capable of a measure 
,f independence and all so disciplined 
owards the common end of being Mr 3 <^ 
^Tiyman and obeying his will. ^ We have 
ilrcady noted that the co-ordination, amaz- 
ng as it is, is not perfect We shall be 
)cttei able to grasp the dimcultics in the 
vav of perfection and the extraordinary 
laiurc of the adjustments that do occur, if 
VC make a brief study of a particular set 
)f these. We will choose the heart and 
Lings under varying conditions of exertion 
ind repose for the study, and we think the 
acts we shall state are sufficient to astonish 
inyone not already hardened to them by 
amiliarity. 

Now the first adjustment that we have to 
:onsider is the adequate supply of oxygen 

0 the working cells of the body. In a 
resting man the heart, the stomach, the 
ddneys, and the respiratory muscles are 
ictive, and their oxygen demands must be 
satisfied ; but the great mass of his muscles 
-the voluntary muscles — arc quiescent, and 
their oxygen-requirement, although it is not 
zero, is very small. During violent exercise, 
on the other hand, the oxygen-need of the 
voluntary muscles is enormous. A resting 
nian consumes roughly 250 cubic centimetres 
of oxygen per minute (just under half a pint), 

exercise he may use ten or 
nhecn times this amount. These arc the 
opposite extremes of his requirements. In 
a sudd( n crisis he may have to flash from 
one to the other in a minute or so. Even 

nnng ordinary life, the oxygcn-rcquirc- 
jnent varies widely, waUdng up a stair- 

1 requires very much more energy than 


walking at the same speed on the level. 
To meet this constant variation in the 
amount of muscular exertion, there have 
to be corresponding changes in the breathing 
rhythm and in the blood-flow. When 
activity increases, the blood-flow must be 
accelerated, so that oxygen can be brought 
to the tissues more rapidly, and the rate at 
which air is breathed must also be augmented 
so that more oxygen can get into the blood. 
Let us take first the regulation of the breath- 
ing. 

The contraction of the muscles concerned 
in breathing — the intercostal muscles be- 
tween the ribs, and the muscular part of 
the diaphragm — is due to nervous impulses 
coming firom the brain. The impulses 
emanate from a centre at the lower end of 
the brain-stem, and travel to the muscles 
concerned along certain nerves — the irUer^ 
costal nerves to the intercostal muscles and the 
phrenic nerves to the diaphragm. It is a 
continual series of rhythmic nervous dis- 
charges from this centre that keeps the 
respiratory system in motion. 

Now the activity of the respiratory centre 
can be modified, cither by nervous imputes 
from other sources or by changes in chemical 
composition of the blood which bathes it. 
Of tiicsc factors the latter is probably the 
more important in regulating breathing 
to correspond with exercise taken. The 
respiratory centre is very sensitive to the 
amount of carbon dioxide in the blood, 
responding to any increase by a more vigor- 
ous and rapid stream of impulses. If the 
carbon dioxide in a man’s blo<xi is increased 
by as little as 3 per cent, of its normal value, 
the rate of breathing is doubled. Similarly 
if the carbon dioxide in blood is unusu^y 
low the rate of breathing fa^ oE, If U %s 
decreased by only 3 per cent, Ms breathing stops 
altogether. On the other hand, the ccnt||B is 
not very sensitive to the amount of oxygen 
in the blood. Considerable oxygen-lack 
does produce compensatory effects, but these 
effects are feeble comparea with those of the 
smidlest change in the carbon dioxide. 

.^3 
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Normally, adju3tpacnt is brought about in 
the following way. If after a period of rest 
there is a sudden spell of exertion, the 
muscles will consume i^ore oxygen and 
produce more carbon dSoxidc ; therefore 
the blood becomes poor in the former gas 
and rich in the latter. But it is the excess 
of carbon dioxide and not the shortage of 
oxygen which stimulates the respiratory 
centre. It is the unneeded and not the 
needed gas that makes the breathing increase 
and restores the proportion of these gases in 
the blood to the normal. 

This arrangement will work all right if the 
oxygen-lack is accompanied by simultaneous 
carbon dioxide excess, and this always occurs 
during exertion. But sometimes the oxygen 
shortage may be due to causes acting not 
from within but from without in that case 
there is not necessarily any excess of carbon 
dioxide and the adjusting mechanism may 
fail. Suppose, for example, that a man goes 
into a room where the air is deficient in 
oxygen — containing, say, half the normal 
amount — ^but where the carbon dioxide 
concentration is normal. There is, as has 
already been pointed out, a slight sensitive- 
ness to oxygen-lack, and he therefore pants 
a little. But by panting he blows out most 
of the carbon dioxide in his blood, and 
since this is the more potent controlling 
factor, his breathing slows down again. 
He suffers no further discomfort, but a 
certain lassitude comes upon him, and 
presently he falls unconscious from oxygen- 
lack, Or suppose that a man climbs a high 
mountain or soars in an aeroplane to a 
region of low atmospheric pressure. Both 
oxygen and carbon dioxide will be deficient ; 
because of the lack of the latter he does not 
respond by increased breathing to the 
shortage of the former, and oxygen-want 
may take him by surprise. The paradox 
presents itself therefore that although carbon 
dioxide is a poison there must be a certain 
amount of it present if the respiratory system 
is to work. This does not injure an animal 
or a savage living a normal life ; any oxygen 
shortage in the blood of either will be due to 
bodily effort and therefore accompanic(i|^ 
carbon dioxide production. But it is be- 
ginning to endanger man. Exploring and 
venturmg into places with strange atmo- 
spheres, into deep mines or above the snow 
line^^is a thing man does against nature and 
tradition, and it is profoundly interesting to 
note that he has no certrin adjustments to 
such adventures. 

The oxygen demands of an active body arc 
met not merely by increased breathing, jthey 
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arc also supplied by more rapid circulation. 
The most important adjustment of tJie 
circulation is made by the capillaries. The 
capillaries are not rigid tubes ; they are 
contractile, and can narrow or widen their 
bore from its normal condition. During 
exercise tiie capillaries open more widely, 
permitting a greater volume of blood to 
flow through the tissue* The importance 
of this fact is enormous. It has been cal- 
culated that as a result of the simultaneous 
relaxation of the millions of capillaries when 
the body is violently exerted, the volume 
of blood in the voluntary muscles is increased 
about three hundrea times. Moreover, 
since a large cylinder has a greater surface 
than a small one, the surface of the capillaries 
at which exchange of dissolved gases can 
take place is also greatly increased. The 
blood-flow through the muscles of a resting 
man is gentle and restrained ; as his exer- 
tions increase it becomes a swollen torrent. 

Contractility is not confined to the capil- 
laries ; the smaller arteries and veins are also 
^pable of marked changes in diameter. The 
factors which can bring about these changes 
in bore are very various. Like the breathing 
centre, the capj|laries can be controlled by 
nervous or chemical agencies. There arc 
nerves which make the blood-vessels contract 
and others which make them relax, and 
there are a variety of chemical substances 
which, if they arc present in blood, can 
influence the diameter of the vessels. With 
some of these mechanisms we shall deal in a 
moment ; for the present we may note that 
cither an excess of carbon dioxide or a 
shortage of oxygen can cause the capillaries 
to widen, and so increase the blooa-supply 
of any part. 

This action differs from the r^onses of 
the respiratory centre or heart in that its 
effects arc purely local. If carbon dioxide 
accelerates breathing through the respiratory 
centre, the result is to put up the oxygen 
supply in the whole circulation. But if 
exercise is con|ned to one small region- 
to a hand, for cxample—and the rest of the 
body is relatively quiet, the carbon dioxide 
produced by that single group of inuscles 
may not be enough to aflFcct tiie respiratory 
centre. It can, however, exert a loc^ 
action by causing the local blood-vessels 
to dilate, and in this way the blood-supply 
to the active part is mercaied. During 
exertion which involves Wy the 

capillary dilatation is ge»b^ 
case o&cr nervous arc dbpsakd agen 
come into play. 

Variation in siic of the ^ 
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spcii without any elaborate apparatus. The 
icdut^ss of skin depends on the amount of 
IjIu.kI it contains, and the flush produced 
by .1 hot fire, or the blushing that accom- 
pai.irs various emotional states, is due to 

this iactor. 

'] jie essential response of the circulation 
to muscular exercise is this increase in 
blood -flow through the tissues. But there 
ai( other changes too. It is clear that a 
nicH dilatation of the capillaries, unsup- 
poi K d by correlated changes in other parts 
ol tilt circulation, would be of little avail. 
Tho speed of the circulation as a whole 
dcj)c nds on the output of the heart, the 
pump which keeps it all in motion, and any 
widespread .dilatation of the capillaries 
would result in a slowing rather than a 
(juickeiiing of the circulation, unless the 
output of the heart were augmented at the 
scimi time. The two factors work together. 
The disastrous effects of capillary dilatation 
unsupported by the heart are seen in the 
condition called surgical shock, which follows 
anv extensive tearing of the flesh. It appear/* 
tliat torn flesh pours a substance known as 
hhlanmir into the blood, and that histamine 
causes the capillaries to r^ax completely 
without having any effect on the heart out- 
pui, We have already had a glimpse of 
hisuuniue at work in the early stages of 
a small wound (Chapter 2 § 8). The 
I (Milt, however, of an extensive production 
of histamine, since the total volume of the 
capillaries is enormously increased (about 
sc\en hundred times more than normal) 
and the heart is only pumping just enough 
hlood for a normal resting circulation, is 
diat blood stagnates in the bloated capillaries 
and the whole blood-stream becomes slug- 
E^ish. Clearly this is advantageous in one 
Inspect, because it will diminish bleeding 
lom the wound, but this advantage is gained 

sacrificing the efficiency of the tramport 
yslern. I he oxygen supply of the body 
koines inadequate, the dcUcatc brain-celli 

Wlun, during exertion, the capUlaries 
I, "f ' “ condition would be pro- 

;■ kt part,. Of these the‘^t LpX 

Jiilikc output of the heart 

emed ; chythm of the muscles con- 
leart i< ” the heating of the 

'ill automatic, and 

''“trolkci however, be 

luenct .u’' **®*^'« Chemical in- 
there an;, for examnle. nerves 


w^h make it beat more slowly, and others 
which make it beat faster. During cjcercisc 
the latter come into play j they inciease 
the number of beats J>er minute and the 
volume of blood puii$ed at each beat; so 
that when exercise is taken and the capil- 
lanes dilate, the output of the heart also 
mc^ases, and the blood-supply to the muscles 
IS duly adjusted. 

Besides chanees in capillary volume and 
heart output there are yet other changes 
in the circulation during exertion. Among 
them It IS interesting to note a compensatory 
mrohanism, only very recently brought to 
light, which involves the most mysterious 
the h^an abdomen — the spleen. 

The spleen is a purple organ, roughly 
oblong and about five inches long, lying 
behind the stoolach and receiving a copious 
blood-supply direct from the dorsal aorta. 
Its minute structure is curious, for in its 
substance the blood is not confined within 
c^finitc vessels as it is in any other organ 5 
the arterioles and vessels have open ends, 
and instead of passing through a capillary 
network the blood flows freely in the spongy 
Uwue, and direedy bathes the spleen cells. 

I he spleen has long been a puzzle to 
physiologists, partly because it is an organ 
with many functions. Probably, for example, 
It IS concerned with the breaking down of old 
and worn blood-cells, and with manufactur- 
ing new ones to replace them. But at 
present we arc concerned with another 
aspect of its activity, which depends on the 
presence of a well-defined system of muscle- 
fibres, foraiing a capsule round the organ 
and sending interlacing strands through its 
substance. 

During rest, the heart is pumping just 
enough blood to keep it circulating at an 
cfifcctivc speed through the pardy-closcd 
capillaries. If, as a result of exertion, the 
capillaries suddenly open up, the blood- 
stream will evidently be slow^ unless the 
heart laboure strenuously to keep up its 
speed. But if at the same time some other 
part the circulation, which normally 
hol(^ a considerable volume of blood, reduces 
ijUMP capadty and ejects its contents into 
tht^^ncral circulation, then the expansion 
of the capillaries will be compensated for. 
Now there e^t in the body certain blo^- 
reservoirs which have precisely this function, 
and of these the spleen is chieil Duringi^est 
the muscle-fibres of the spleen nre for the 
most part relaxed ; they arc i^ythndcatty 
contractile, beating slowly and indolently, 
like a lazy heart, and so kfseping a 
Muggish flow or blood through the organ* 
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In its distended tissue-spaces it holds about a 
litre of blood — about one-fifth of the total 
volume in our bodies. During exercise, 
on the other hand, the muscle-fibres arc 
permanently contracted, and its capacity 
decreases to only about one-third of the 
resting value. The reserve blood in the 
organ is therefore driven out into the rest 
of the circulation, and in this way the blood- 
supply to the muscles is increased. 

The spleen, then, is essentially a blood- 
reservoir, and during moderately severe 
exercise the contribution which it makes to 
the muscular blood-supply is sufficient. 
During very severe exercise, when every 
resource of the organism is called upon, the 
blood in the spleen may not be enough, 
and in this case the process is carried a step 
farther ; blood is taken from other organs, 
such as the digestive organs, and sent to the 
toiling muscles, the activities of the former 
being temporarily suspended. In a crisis, 
when a man' or an animal has to struggle 
for his life, the whole circulation is concen- 
trated into a blood-flow through his muscles. 
The portal veins, for example, are the 
capacious vessels which carry blood from 
the intestine to the liver, where absorbed 
food has to undergo various chemical adjust- 
ments before it is fit for general distribution. 
In an emergency, when the maximum 
possible muscular work is required, these 
veins contract ; their normal function is 
suspended, that circuit is all but closed, 
and the blood-flow thus economized goes to 
swell the muscle supply. The kidneys, again, 
hold a considerable volume of blood, and 
during severe exercise they also contract 
and, like the portal veins, restrict the 
demand. In the greatest muscular exertion 
of which a healthy man is capable, this latter 
process may be carried so far that the 
kidney-cells are actually injured from blood- 
loss — the kidney-cells have been sacrificed 
so that the whole organism can survive the 
crisis. 

This is simply another reflection of the 
fact which has already been stressed—that 
food-supply and the excretion of waste- 
products arc not processes of inun d ate 
urgency, for they can be temporaril*us- 
pended without serious loss to the organism. 
The respiratory function, on the other hand, 
is of immediate and critical importance ; 
when necessity demands, other functions are 
neglected and all the resources of the circula- 
tion are concentrated on this one vital need. 

It is clear, then, that the thoracic and 
abdominal organs are controlled and regu- 
lated to suit the ever-vEuying needs of the 
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organism ; moreover, we have seen that 
this control can be exerted in either of two 
ways — by means of nervous influences, or 
by means of chemical substances in the blood. 
As everyone has heard, a nerve is a sort of 
protoplasmic telephone wire, so that the 
nerves to the various viscera constitute a 
telephone system by means of which the 
brain can communicate with them and 
modify their activities. 

We may, however, look a little farther into 
chemical regulation before we leave it 
altogether and turn our attention to the 
nervous system. 

§ 2 

Chemical Messengers 

Chemical regulation, as we have seen it 
operating through the carbon dioxide in 
the blood, plays a very large part in securing 
the harmonious co-operation of our viscera. 
Another example is afforded by the pancrea.s. 
This organ docs not continually pour its 
digestive juice into the duodenum ; it only 
produces it when there is food to digest in 
that part of the alimentary canal. I'hc 
mechanism by whicii the pancreas is suddenly 
activated at that particular moment is as 
follows : There are cells in the duodenum 
whose duty it is to secrete a particular sub- 
stance, secretin — not into the digestive tube, 
but into the blood. This they do whenever 
food passes from the stomach into the 
duodenum. The secretin is distributed by 
the blood all over the body, and in most 
places it has no effect at all ; but when it 
reaches the pancreas it stimulates that 
organ and makes it produce its digestive juice. 

The process of secreting particular sub- 
stances into the blood is called internal 
secretion ; and the various organs which do 
this are called ductless glands, or endocriim^ 
from the Greek for internal secretion. 
Many of the ductless (endocrine) glands 
produce their secretions continuously— we 
shall learn about them when wc are 

considering development and growth— but 
a few, like the ductless gland celb in the 
duodenum, do so only at particular moments, 
and are used for regulating other organs. 
Regulation by means of nerves is comparable 
to telephonic communication, because parti- 
cular parts of the body are connected by 
definite nerve-fibres, and thus the nervous 
messages are sent only tp the particular j 
organs they concern. Relation by means j 
of an internal secretion is more like stamping j 
“ Buy British Goods on all the letters that i 
go through the British post. The apjieal is 
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bro adcast to everybody, but only upon those 
iihr idy disposed to respond to it has it the 

inu nded effect. 

A a further and very remarkable example 
of (hemical regulation we may take the 
adumil bodies— tvfo small yellowish glands, 
wciniiing three or four grams each, and 
lyinii lust above and in front of the kidneys, 
i hey are made of two lands of tissue, having 
qiui(‘ distinct functions, the one forming a 
thick capsule round the other. It is with 
the (dilral part that we arc now concerned. 
This tissue is used in mobilising the resources 
pf liic l)ody to meet a sudden emergency. 
Ill a crisis when everything depends on 
niuscular exertion — on escape from an 
fiicniy, for example, or on fighting and 
iMiinin^ a nervous message is sent to 
these two glands, which promptly pour 
theii secretions into the blood-stream. This 
(ubslaiicc, adreniriy is swept round the 
pody, and as it goes it affects different 
)rgans in different ways. It speeds up the 
lean and dilates the capillaries, it stimulates 
he sweat-glands so that the body may be 
:o()led, it slows the movements of the digestive 
)i,i;ans and contracts their blood-vessels, it 
Hakes the liver shed its stored glycogen so 
hat the' muscles may have a copious supply 
if fuel, it stands the hair on end, dilates the 
mpil and bulges the eye, so that the indivi- 
lual nia\ be terrifying to look upon — in 
act It is a chemical Whip, a broadcast 
O S, a tocsin which makes every organ 
ki) Its part in the general mobilization. 


§ 3 

Alan and Mouse as Individuals 

But, as everyone knows, the main unifying 
.^Miiuaiion in the complex activities of Mr 
Jfvinan is his nervous system. So far we 

tl th 'T dealing 
c details and problems of his continu- 
) more astounding mechanism, that we 

kole^ We 1!^ ^ ^ bittiaviour as a 

)es ii If P^’^erred to study how he 
ICS ot what he 

IS. ; done with The 

bviii(/()f illuminate the 


for dniA when thirsty— that it seems almost 
below Mr. Everyman’s dignity to discuss 
nun. Such behaviour as we are going to 
study here may be studied equally well in 
* uf nf Bis minor cousin, the mouse. 

We have already seen that little creature, 
hunger-driven, entering its life about the 
house, while Mr. Everyman sleeps. Its 
sensitive nose quivers perpetually, and 
samples and appreciates the surroundilg 
air. Meanwhile, its eyes and ears are 
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Fig. 36. Three vitally important ductless glands, 
life sigg from a normal man-~the right adrenal 
(above), from above his kidney, the ti^oid 
(centre), from the front of his throat, and the 
pituitary (below), from the base of his brain. 

•tit. 

alert for the least intimation of cat, dog, or 
other enemy. It moves about in swift, eager 
runs, or sits up to listen. The warning 
’ are spontaneoura^^’C” of a kindred mouse will instantly 

'<:rminateM send it flying to cover. It is the smallest 

^ophagus i. commbn ma^als, a poor fighter, and 

Its strategy is hiding. Whenever it can, it 
travels in the dark behind the wainscot or 
under the floor, feeling its way through the 
obscurity with its extraordinarily sensitive 
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whiskers. By making it captive we can spy 
upon its shy existence. It balances between 
fear and hunger and hunger and fear. Yet 
£dso there is something else in its life that can 
at times prevail over either of these forces. 
It responds to something, we may call it an 
obligation to the species ; storms of desire 
impel it to do strange and dangerous things 
so that the race may continue. 

■Jpicre, then, we have three imperatives that* 
govern the life of the mouse and to which its 
conduct must conform. It must fill its belly, 
it must save its skin, and it must breed ; 
and the' penalty for failure is death, either 
of the sinner or of his stock, 
i So with any wild mammal that we choose 
Vo name, and so, perhaps to a lesser degree, 
with ourselves. All normally are under 



Fig, 37. A nerve cut across and examined under the microscope 
is seen to consist of an enormous number of fibres lying side 
by side. 

The area shown was, in the actual nerves about one-fortieth of an inch across, 

these three' imperatives. This is why the 
brotherhood of viscera — heart, stomach, 
kidneys, lungs — needs other helpers ; 
muscles to move them about, eyes, ears, and 
so forth to observe their surroundings, a 
nervous system to govern the community 
and hold it together. A living body is a 
co-operative alliance between a system of 
chest and belly viscera on the one hand and a 
system of behaviour organs on the other. 

The former provide the latter with a stream 
of clean, nourishing blood — that is their 
essential duty in the partnership ; while 
the latter protect and guard the former and 
keep the stomach filled. We have studied the 
former group ; we will turn now to the 
organization of watchful sense-organs and 
telephone nerves, by which the community 
is guarded and held together. 
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§ 4 

The Controlling System 

Everyone has a general idea what the 
brain and spinal cord arc like and ho^v 
they are situated in skull and backbone, 
From them come nerves, spreading and 
branching out from the brain and passing 
through bony apertures in the cranium, 
not only to the face and head gcneially’ 
but sending branches down even to the neck 
and heart ; and also from the spinal cord, 
in pairs, one pair between every vertebra 
and its neighbour, to the limbs and body. 
We have already compared the nervous 
system to a telephone system— from which 
it differs in the fact that its fibres are one-way 
fibres that either carry outgoing impulses 
(motor fibres) or bear incoming 
ones (sensory fibres). There 
arc in addition to this main 
system (Central Nervous Sys« 
tern) subordinate centres and 
systems in more or less com- 
plete communication with it 
They perform tasks of co-j 
ordination of a lesser scope, 
with whose details it is un- 
ncccisary to burthen the main- 
system. The solar plexus, ai 
network of cells and fibres 
concerned with abdominal' 
activities, is chief among these] 
inferior centres. 

Now the structure of the] 
brain and most of its relation- 
ship to the spinal cord we shall 
find it better to defer to a lawf 
part of the work. Upon i| 
centre some of the most fascinl 
ating, illuminating, and coal 
troversial questions concerning life in generalf 
and human life in particular, that it is possi 
ble to raise. In man and mouse the Centir 
Nervous System has a close general resd 
blance, but the brain of the man is m 
larger, more powerful, and intricate in i 
working. There centres the behavtoaj 
of the creature as a whole. Whatever 
least mechanical, and anyttog there niay^ 
that is not mechanical in fife, have *1 
there. There it is we must face the propl^ 
of consciousness and the firccdom of 
To understand it as far as current 
goes will be to crown and conq>lctc the 
we are setting oursdv^iR dm compilau 
and at present we arc iwSly opemng uP 
introductory matter of wbject. 
we will cotmder the neww fV***^'^ 
working as the 
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that holds the body together for unified 
as the apparatus throi^h which the 
body, with the billions of cdl- 
[jeni/rns and the endless variety of substances 
and secretions we have reviewed, is made 
nne ( ( Elective thing with a sense of itself and 
a piM'pose of its own. 

VVe have already made use of a 
^cll-known comparison— that of the 
nervous system with a telephone 
System— and it is important at the 
3uts(i to see how far the analogy is 
true iuid how far it is misleading. 

^hai in the nervous 'system cor- 
responds to the telephone wire? 

^Vhat ( xactly are the channels along 
^^hirh part communicates with part ? 

To answer that question we must 
ook into certain details of micro- 
icopir structure. 

I he cells of the nervous system 
liffer from other cells in an im- 
jortant respect — their surfaces pro- 
ect into long, slender fibres of liviqg 
ubstance. Fig. 38 represents a 
lerve-rell of the spinal cord. It 
las an irregular, star-shaped body, 
vhich is unusually large for a cell, 
iiid radiating away froni this centre 
ire a number of delicate proto- 
plasmic arms (nerve-fibres) that 
pread and branch in the spinal 
ord. One of these arms, in this 
lariiciilar cell, is longer than the 
cst ; it leaves the spinal cord and 
uns along a nerve to some organ 
n a distant part of the body. We 
hall follow it in a moment. The 
oft, pinkish tissue of the central 
ervous system consists entirely of 
jch nerve-cells and their fibres, 

Kcept for a little connective tissue 
) support them and bind them 
)jj:etlier, and these hundreds of 
tillums of cells are the units— the 
erks, so to speak, of the organiza- 
on. I he fibres correspond to the 
ilephone wires in our analogy, 
ome of them run from nerve-cell 
* nervc-cell — growing out from 
and ending in a tiny cluster 
fiuger-like branches which twine 
^>und and clasp the fibres of 
iotlu r Others leave the central nervous 
stern altogether and run to Other tissues— 
muse Ics, glands, senseorgans — ^and Along 
^ eommands arc sent out which contrd 
orking tissues, and reports from the 

^""Organs arc carried m 

•A tie te lephone wires of 


living threads of astounding delicacy, finer 
than the finest gossamer. They are about 
one-tenth the thickness of a human hair and 
may be several feet long. The messages 
which flash along these protoplasmic wires 
are called “ nervous impulses ” ; they are 




Fig, 38. A single nerve^ll, much magnified. 

Above is the cell~bo<fy, placed in the brain or spinal cord. Below, 
the nerve^fibre leads away and supplies two muscU<ells. If the nrnude 
supplied were in the foot the nerve-fibre, drawn to scale, would be a 
quarter <f a mile long. 


physical changes which travel at about four 
hundred feet per second in man. Our 
bodies are permeated by a network of these 
fibres, centnng in the brain and spinal cord* 
Such of the fibres as go out fix»n the brain 
and spinal cord to the rest of the body are 
of the body, then, are collected together' into bundles, nerves ; 
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a nerve is simply an enormous number of 
nerve-fibres lying side by side l^e the 
separate wires in a telephone cable, and 
bound together ^jy a little connecUve Ussue. 
As the/*TOrve runs away from its root it 
branches, and the fibres, begin to part 
company and disperse to their various 
destinations. Some of them are connected 
up to sense-organs, and carry to tlie central 


\ 



Fig. 39. The calf-muscle of a frog with its 
nerve. 


If the nerve is pinched or otherwise stimulated the muscle 
controls at once. 

organization the information these organs 
obtain ; some go to the voluntary muscles 
and bear the impulses which make them 
contract ; some run to glands and make them 
secrete ; some plunge into the chest and 
belly and supply the more independent 
organs there, bringing impulses which slow 
them or hurry them up. 

It is difficult to realize the full complexity 
of the nervous system. By dissecting as 


completely as possible the finer nervw in a 
limb, for example, one can get a fair idea of 
it. We will try in another way—by con- 
sidering the control of the muscles as one 
only pf the many sides of its activity. 

The muscles that cause the wilful move- 
ments of man or mouse work under the 
direct impulsion of the central nervous 
system. To every muscle-fibre in a well- 
controlled muscle goes a nerve-fibre from a 
nerve-cell in that system and spreads out 
at last in a palm-like cluster of branches 
against its sides. Every movement made 
by that muscle-fibre is due to an impulse 
(2oming from the associated cell in the hram 
or spinal cord. Every movement made 
by a muscle depends upon a nerve made up 
of innumerable fibres. But there is hardly 
a movement of the body that is not the out- 
come of the co-ordinated action of a number 
of muscles, and hardly a moment of our 
waking life when we are not in inovement. 
As the reader peruses this section he is 
performing continual slight movements of the 
muscles of his eyeballs and head and neck, 
so that his line of sight may run smoothly 
over the print. Now and again his arm 
moves up and his fingers turn the page. 
Perhaps at the same time he smokes and 
knocks the ash from a cigarette ^ his lips 
may flicker in a smile of approval, or curl in 
contempt, or stretch spasmodically in a 
yawn. Here arc muscles working by the 
score. And all the time the ninety-odd 
muscles that move his ribs continue ihcir 
rhythmical contraction and relaxation. 
Every one of these movements involves 
the co-operating action of some thousands 
of muscle-fibres, and every one is precisely 
controlled by nervous impulses sent by nis 


rain or spinal cord. 

But the activities of the central nervous 
ystem extend further than this ; they 
ticlude a supervision of resting muscles 
Vhen a muscle is passive it is not allowed to 
lang limply from its attachments, but is kept 
iraced and ready for immediate action when 
ailed upon. In the lan^agc ot 
)hysiologist it is in a state of slight par 
contraction or tone. This tone is . 
mpulses from the central nervous system, am 
f its nerve is cut the muscle loses f 
ind becomes slack and flabby, fur 
resides keeping the muscles keyed up, 
xntral nervous system sec™ 
nfluciice on their general health, for cu I 
the nerve causes a slow shrinking 0 
enusde, which in the course of 
Dr years may even disappear and J j^j 
to k mass of connective tissue. Perhaps 
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[]; ,t is due simply to disuse, for the size 
( muscle depends on the frequency and 
io, nr with which it is used ; the point is not 
[pally established. But, however this may 
p, It is evident that a muscle depends com- 
Iptdy on the central nervous system both 
,1 the impulses that control it and for its 
piK lal welfare, and that the latter organ is 
^ 1)( regarded not as a wilful and despotic 
nv('rnment but as a vigilant, untiring 
*acler. 

§ 5 

Sensation and the Senses 

If \v(' could see the whole living web of 
lip nervous system laid out before us, and 
a iHTvous impulse was a visible thing, 
/e should get a picture of continual thrilling 
ncl rippling activity. We should 
[T a ceaseless succession of impulses 
lashing to the muscles, keeping 
[lem taut and ready for work, and 
purring single muscles or groups of 
luscles to vigorous, disciplined 
rtivity. But also we should sec an 
qualh incessant scries of impulses 
ravelling in the opposite direction. 

Icforc we come .to the central 
aji'king of this marvellously com- 
ilicaied and accurate government 
re niusi consider those other im- 
pulses which bring information un- 
easiugly from all the quarters of 
s realm. 

For the web - unlike the telephone 
rt'h of a city — is a double one. 
my nerve contains fibres of two 
inds, motor fibres that carry impulses 
lit u ai ds and sensory fibres that bring 
npulses inwards. I’hese two kinds of fibre 
re bound up together to form nerves, their 
ructure is similar and the physical nature 
f their impulses is similar, but they differ 
I the direction in which the impubes travel, 
nd in the origins, destinations, and func- 
onal meanings of these impubes. 

Flic sense-organs, the intelligence agents, 

‘ which the sensory nerve-fibres end, arc of 
lany and various kinds. There are sense- 
^Kiius scattered about in the muscles, 

* die joints, and indeed in every tissue of 
bodies, reporting the state of affairs 
. 1 r central government is in- 
d of the positions and movements of 
'mbs, and sometimes, when there is 
ent in the thorax or abdomen, it feeb 
liiM? These sensc-oivans, 

Issiip report on the other 

^ may be called internal sense-organs. 


Contrasting with the internal ^ensc-organs 
there is a second sort of sense-organ which 
ta^es note of circumstances external to the 
body state. Thb second group, the external 
sense-organs, may be further di*ed into 
two : there arc some, such as the organs of 
feeling and taste, that report on objects and 
events in the immediate neighbourhood of our 
« bodies, and there are others, the organs 
of sight, bearing, and smell, by means of 
which the^ centra),, nervous system in- 
formed of more distant events. The import- 
ance of this dbtinbtion b clear enough, for 
the contact organs can only detect things 
which are actually happening to the body, 
.while thd distance organs can detect a 
danger before it is actually upon the organ- 
ism, . or a remote attraction that can be 
moved towards and secured. They enable 



the government -to foresee and prepare. For 
this reason, as we shall find, the distance 
organs arc directly connected to the upper 
more independent and personal brain- 
centres. 

Let us consider the structure and working 
of a very simple contact sense-organ, a’ hair. * 
Our hairs feel. If a match is pressed against 
one of the fine hairs on the back of the 
hand we feel a tickling, Sind that is one 61 the 
most sensitive fonns of touch. The hairs 
of a mouse arc far more important than our 
scanty supply is to us, and the mouse, like 
the cat, has large and special whisker-hairs 
for guidance in the dark. A hair is a more 
or less cylindrical rod of horny dead celb ; 
it arbes from and it grows- by a supply of 
fresh cells firom a “ root ” lying fairty deep 
in the skin ; it runs to the suiface along a 
special tube, the hair-follicle,” and then 
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projects into the outer world. The tube 
of the follicle does not fit tight, and near 
where it opens to the exterior there is a 
little belt of branching nerve-fibres which 
end in swollen blobs. All this is shown in 
Fig. 40. Now since the hair is loose in 
its tube, the slightest touch or push upon it 
tickles these swollen blobs and at once an 
impulse goes off towards the nervous centra. 

This impulse says nothing explicit. It is, 
so to speak, a rap— noth^g more. Any two 
sensory nerve-fibres are as like as two tele- 
graph wires, and the impulses they transmit 
are, as far as we can sec, identical. The 
central government has to interpret these 
messages, and to discriminate between the 
various kinds of feeling. How can you do 
so if the messages are all alike ? If we could 
examine all th^e sensory nerve-fibres in the 
body we should find that they vary in one 
respect only— they have different endings. 
It IS in this difference that the answer to our 
question lies, for an impulse is interpreted 
by the central nervous system according to 
the particular nerve-fibres along which it 
arrives, and the centre or group of cells that 
receive the impulse. When they get inside 
the central nervous system different fibres 
run to different destinations. If, for example, 
an impulse comes along a fibre that supplies 
a hair-follicle, it is led to a centre which 
interprets it as a sensation of touch, and if it 
comes along a fibre from the sensitive layer 
of the eye, it is led to another centre which 
interprets it as a sensation of light. Because 
of these facts it is quite easy to deceive the 
central nervous system, and to send it lying 
messages. For example, we can press on the 
eyeball and so stimulate the sensory cells 
there. The reader can do it forthwith. 
The brain sees spots, clouds, or flashes, of 
light according to the sharpness of the 
impact or pressure. Similarly, disease of the 
nerve of hearing produces sound-sensations, 
often interpreted as “ Voices,” and stimula- 
tion of the sense-organs of the tongue, by a 
weak electric current, for example, gives us a 
taste in the mouth. 

A point of general interest is that if the 
pressure upon that very simple sense-organ 
the hair is sustained, the stream of messages 
soon dies away in the nerve. Nervous 
impulses generally result from a charge of 
conditions ; permanent conditions do not 
go on producing them. The desirability 
of that is evident. Our mouse when it 
creeps out has to be on the alert for approach- 
ing enemies. His eyes are sentinels, on the 
look-out for danger, and evidently they must 
not be officious with their information ; they 
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must not shout continually to the brain, 
“ The bed is dim and grey and Mr. Eve? y. 
man is motionless ; Mr. Everyman is 
motionless ; Mr. Everyman is motionless.” 
They must be discreet and report only 
essentials, and so long as Mr. Everyman is 
motionless he does not matter a rap. 1 he 
impulses travelling along the optic nerve 
are more like this, a dying report j ** cycry- 
thing quiet — quiet — quiet— quiet,’* lifting 

suddenly to an arresting aniiouncement— 
hallo I something moving ^ere on the 
right I ” A little movement in the room 
has more interest for the eye of a mouse 
than a whole roomful of still furniture. 
Its eyes become intent. The same is true 
of its ears or its nose ; there is little interest 
in all the customary flavours of Mr. Everyman 
and his belongings or in any of hh familiar 
breathing exercises, but a sudden ejaculation 
or a sudden whiff of cat may be of vital 
importance. It is the changes that matter. 

With all the sense-organs that produce 
precise sensations, a constant unvarying 
stimulus has little effect, but a change sets 
the impulses storming. Suppose, for ex- 
ample, that on a cold day we come into 
a warm room. The sudden rbe in tempera- 
ture affects a set of organs in our skin that 
are sensitive to warmth ; there is a sudden 
discharge of impulses, and for a few minutes 
we feel warm all over. But soon the effect 
wears off. The temperature st^ constant 
and the warmth-organs calm Sbwn ; die 
room seems to get cooler. On stepping 
out into the cold again there is a similar 
cycle of events ; the sudden change of 
temperature excites another set of organs, 
sensitive to cold, but they soon calm down 
at the constant low temperature and wc have 
the illusion of “ wanning up.** On this 
principle there rests a well-known and very 
instructive physiological paradox. Take 
three bowls of water, one hot, one cold, and 
one lukewarm. Immerse the right hand 
in the hot water and the left hand in the 
cold and wait for a minute or so. There wi 
be a cycle of sensation like that just described , 
at first the right hand will feel hot and the le 
will feel cold, but the scnsc-oivans will j?oon 
calm down. Now quickly immcwe botn 
hands in the lukewarm bowl. The ng 
hand is suddenly cooled, so its 
organs are stim^i^ted ; the left is y 

warmed, so its wann-senritSv^ /Organs a 

stimulated. Therefore 
bowl of water feels hot to Ste and c 
to the right. Our sl^ art naeant to 
not temperature but chang^ in twnperatu ■ 
True, our fedings cS 
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arc iiirt confined to changing temperatures, other. Some points are sensitive to warmth 
niiH uT can feel extreme heat or cold even and not to cold, some to cold and not to 
jf tli(' temperature is constant. ^ But such warmth, some to both, some to neither; 
let lilies are not due to the action of the Therefore there must be two distinct kinds 
u nip' mature seme-organs. On a hot day of seme-oman, one for the warmth semation 
Qijc lias the moist semation of perspiration and one for the cold semation. One can 
and sriisations due to the expamion of the proceed similarly with the sense of touch and 
I )loo(l -vessels, comequent more get a different distribution ; and finally 

violent pulsing of blood in the skin, and on a the pain seme is not restricted to areas but 
cold day one has sem^om caused by the is present everywhere, so here again the sensc- 
rrsponsc of shivering. The continual warm organs must be distinct. 
tingl( of ex^sure to strong sunlight is a It will probably appear to the reader that 
feebh stimulation of the pain-orgam by the list of sematiom just given is too short, 
ultra-violet light. None of these things We have spoken, for example, of a single 
coiucrns the temperature seme- 
oitjans, which arc unaffected by 
constant temperatures. 

Similarly with our other senses. 

In an aeroplane flight we speedily ^ 
become accustomed to the steady 
roar of the engine and ordinarily 
wc arc unaware of the constant 
(ontat t of our clothes, although a 
slii,dit change of pitch in the former 
case or a slight displacement of the 
latter is instantly felt. The princi- 
ple holds even for our eyes ; the jf /#/// * 

iinaLtcs of still objects make little if S 

impression, but moving objects catch 
the at tent ion and arc more distinctly 

seen. For this reason when we .r-p 

think wc are looking fixedly at an ffl j 
ohjeci to sec it distinctly our eyes BlIlllfWIlB // 

atv not really still at all ; they V 

qui\cr rapidly and almost imper- 
ceptihly from side to side so that 
the image may move about on 
the retina and always be falling 
on a new' part of its semitive sur- C W 

hut w'c have dwelt long enough ^ 

™ ih( fjfiicral aspects of sensation. Fig. 41 . Four types of “ touch ” organ, magnified. 

trAlml'ni ^ detailed a it mponiive to changes in Umperatme, B and Cta pressure, and D la 

^ nt, and examine the various pain. Mote the relative simplicity of the pain organ. 

senses one by one. 

“ pain-sense, but there arc several different 
wirmd. of sensation — q^ualities of pain. As a matter of fact, the 

ddormui^^^V “touch” or nch variety of feelings that we get from our 

provffi 1 ^ surface. It can be skin is due to the fact that a stimulus often 

four spn /f* ^ experiment that these affects more than one kind of seme-organ, 

kinds of correspond to four different Slight warming, for example, affects only the 
the skin about on warm-semitive orgam, and slight cooling 

hnd iivH iU point of a warm pin, wc affects only the cold-semidve orgam, but 
scaiicK (1 nnf ^ cxtrcmc heat or cold may upset bodi at the 

areas win; ; WMm-semitive same time. Thus it is probable that the 

ts not where warmth distinct “ fed ” of a very hot bath, as com- 

^hp sens( ^ oold {kin ; pared with a warm bath, is due to simultane^ 

tlu ^ ^.^tJtea to ddfinite areas, ous stimulation of warmth and edd omans. 
*^nsitiv( ^ Generally speaking, wc fed not simple 

ao not correspond with each sematiom, but complexes of sensadom. 

; ^ i , . ‘ ■ ^ ^ 73. 
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To return to pain, the sharp sting of a cut 
is pure pain, but the burning pain of an 
inflammation is due to simultaneous stimu- 
lation of pain and warmth organs, and in a 
throbbing pain the reactions of the sense- 
organs are complicated by rhythmical 
pressure-changes due to the arterial pulse. 

In particular, sensations of touch are 
nearly always due to a co-operation of 
different sense-organs. Occasionally the 
touch-organs of the skin come into play 
by themselves — a very light pressure, for 
example, may move the hairs, and so give 
rise to a pure touch sensation. But usually 
what we call “ touch involves sensations 
of pressure and movement in the deeper 
structures. 

Our muscles, tendons and joints are 
richly provided with sense-organs, chiefly 
sensitive to pressure, which supply the 
central nervous system with information 
about the position and movements of the 
limbs. These sense-organs also play an 
important part in feeling the shapes and 
textures of objects. Suppose, for example, 
that the finger is drawn along the table, 
the eyes being closed. The impression of a 
hard, flat surface depends chiefly on sense- 
impulses from the deeper structures ; we 
know that it is hard, because we can press 
on it vigorously without deforming it, and 
we know that it is flat because in order to 
draw the finger along it, we have to move 
our muscles in a certain w’ay. The sense 
of pressing on the table is due to organs 
lying in the deeper connective tissue in the 
finger, and that of movement to sense- 
organs in the muscles concerned — ^which 
are placed, not in the finger at all, but in 
the arm and shoulder. In this way, even 
the simplest impressions of touch are made 
up in reality of sensations from a number 
of different idnds of sense-organ, which are 
fitted together by the central nervous system, 
and interpreted as a single feeling. 

In structure the organs responsible for 
sensation in the skin and muscles are com- 
paratively simple. Wi have already noted 
that the touch-organs in the hair-follicles 
consist merely of the branching endings of 
nerve-fibres. The other organs are gene- 
rally more complicated than thb — they 
involve not only branching nerve-fibres, but 
special cells — but they do not compare in 
intricacy of design with the sense-organs 
that we shall study in subseejuent sections. 
A great number of different kinds of sensory 
structures have been found in the skin and 
deeper structures, but unhappily very litdc 
is known at present about the way they woric. 
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For this reason we need not describe them 
here. 

We may, however, take note of a kind of 
sense-organ that is even more elementary 
in design than the touch-organs in the hair, 
follicles. Everywhere in the skin there is a 
network made by the branching ends of 
nervci-fibrcs, running among the cells 
without any evident order, and without any 
specialized accessory structures. When 
these fibres are stimulated they give rise 
to sensations of pain. The pain sense is 
of more importance to the organism than 
any other of the skin sensations, for while a 
message about the temperature of the air or 
about the hardness and shape of a neigh- 
bouring object may or may not be interesting 
to the central nervous system, a stab of 
pain always means immediate danger. The 
pain organs are very much less sensitive 
than their more elaborate neighbours, but, 
on the other hand, they are less specialized 
and can be excited by any stimulus, whatever 
its nature, if it is of sufficient intensity to 
injure living tissue. Slight warmth, for 
example, excites only the special warmth 
cells, but a temperature high enough to 
bum or scald is brilliantly painful. Pain 
is an alarm signal, and its biolopcal import- 
ance is reflected in the anatomical fact that 
whereas warmth and cold and touch are 
senses .confined to particular patches of 
skin, the pain network is unrestricted and 
pervades the whole surface of the body. 

Internal Sensation, While we are on the 
subject of these scattered and rather mys- 
terious sense-organs, we may note the fcelin^^ 
that arise from time to time in our thoracic 
and abdominal viscera. Normally, we are 
unaware of these independently working 
parts. There is a close correspondence i 
between the parts of the body over which 
the sway of the central nervous system 
extends, and the parts from which it receives- 
precise information. The mouth, for ex- 
ample, is controlled by the central govern- 
ment — chewing and swallowing are thej 
results of impulses from the brain—but the 
oesophagus is an independent structure, 
driving mouthfuls down to the stomach by 
means of its automatic movements. Corres- 
ponding with this, we find that the mout 
is very sensitive to the temperature, 
and chemical composition of our food, bu 
that as soon as a mouthW is swallowed 1 
ceases to stimulate senfc-otgans 5 , j 
handed over to the autonomous factories a ; 
passes at the same time out of our con 
and out of our ken. Generally • J 
whenever an abdoounal organ sends a 
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y message to the brain, it means that blood is distributed between belly and brain 
)ni(ihing is seriously wrong and that the or of the composition of the blood itself, 
jvd iiment is expected to do something We have at ‘present no precise information 
[)Our it. about these vague sensations, and therefore 

Tli( whole subject of sensation in the we cannot profitably discuss them further ; 
iscci a is still obscure. We know very little we must simply note their existence and leave 
f i1k ( lements into which visceral sensations it at that. 

])c analysed, or of the sense-organs that Smell and Taste. Smell and taste arc the 
rc responsible for them. It is clear that chemical senses — that is to say, the stimu- 
le arrangements are very different from lating agents ia each case are not physical 
^osc in the skin, and the differences seem influences, such as temperature, pressure, 

) depend on the relative independence of or light, but chemical substances which act 
u' visf era to which we have just alluded, because of their molecular structure. In 
urgeons find, for example, that the intestine ^ man, the chemical senses, and particularly 
an be rut or sewn without giving rise to any smell, arc poorly developed, being over- 
ainful sensation whatever, but a strong shadowed by sight and by hearing, but in 
oniraction of its muscular wall or excessive the lower mammals the sense of smell is 
istension of its cavity — the sort of thing very much more acute. In a dog, for ex- 
lai happens when its working is disturbed— ample, the nose is probably quite as import- 
lay ^rivr rise to intense gripping pains. ant a sense-organ as the eye or the ear. 

7'lu‘re is, how- 
vrr, a possibility 
lal the sensc- 

iipulses received 
0111 tlie viscera 

u-lude messages 
thci than these 

firs of distress. 42- Three cells from the sensitive membrane of the nose^ highly magnified. 

\Q saw that motor Two smelUcells and a supporting cell are seen. Surface is to left. 

npiilses to the 

oluntary muscles are not confined to the A man recognizes his fellows by their 
innicrits when contraction is desired; they appearance, and by the noises they make, 
ichide continual encouragements, and un- and the store-rooms of his memory are 
asing influence that keeps the muscle fit largely filled with labelled records of sights 
tid ready. In the same sort of way it may and sounds ; the memory of a dog, on the 
e that the government receives continual other hand, is more probably a sort of card 
itiinations from the chest and belly, that catalogue of smells. 

11 goes well with the kidneys, or that The mechanisms of smell and taste are 
icrr is a slight unrest in the stomach that fundamentally alike. In both cases the 
lay presage more serious trouble, and so on. essential elements are cells, sensitive to 
1 addition to our accurately-analysable particular substances, which dispatch 
nsations there are vague feelings that are impulses to the brain when those substances 
‘ present imperfectly understo^ — ^feelings are present. In both cases, the stimulating 
vigour, appetite, discomfort, restlessness, substance has to be dissolved in water 
wariness, oppression, and so on, that lead before it is effective. Thus, although even 
P to, and are evidently related to, emotional a weak tincture of quinine has a powerful 
ates. It may be that such feelings are to taste, dry quinine powder, whiqfa dissolves 
large extent due to impulses mom our slowly and sparingly in saliva^ has hardly 
secra. It is a familiar fact that the any taste at all ; and similarly odorous 
>ndition of the viscera has a profound effect substances have to dissolve in the moisture 
1 the (olour, so to speak, of the mind, covering the nasal mucous membrane before 
the stomach is empty, for example, th^ evoke any sensation of smell. 

>c organism becomes resUcss before it fwls The nostrik lead into two triangular 
. ^nue hunger, and when the stomach is cavities which arc broken up and made 
\t I! indolent and sleepy. On labyrinthine by the scroll-like turbinal 

^ other hand it may be that these feelings bones. The special cells that perceive 
dependent upon messages receive odorous substances arc found at the upper 
le ch ^ nerves, but upon changes in end of these cavities, and on the thin par- 
ulter T ^ ^ of the nerve-cells, due dtion that divides the right nose cavity 
'onsofthc way in which circulating from the left. Owing to the complicated 
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structure of the nasal cavities, inspired air 
does not generally blow over the olfactory 
membranes ; if it did so, it would tend to 
clog them with its suspended dust, and to 
dry their moisture. The lower part of 
the nose is swept by this rhythmic gale, 
while in the upper regions the air is com- 
paratively still. Normally, stimulating 
molecules can only reach these peaceful 
places by diffusion. But, when we are 
especially interested, a brisk sniff, accom- 
panied by dilation of the nostrils, can upset 
the normal direction of the air-currents and 
waft a scent-charged breeze straight to the 
sensitive cells. 

The organs responsible for. the sense of 
taste are the “ taste-buds,” egg-shaped 
clusters of cells distributed over the tongue 
and soft palate. In the process usually 
called “ tasting ” the organs of taste sensu 
stricto play a part which is as limited as that 
played by the sense-organs of the skin in 
* “feeling.” 


Hearing, The sense-organs which have 
been described thus far perceive stimuli that 
are known to affect living substance directly. 
A fresh muscle isolated from the body can 
be made to twitch by a pinch or wetting 
with certain chemicals, and in a touch 
organ or a taste-cell this natural irritability 
to mechanical or chemical stimuli is exag- 
gerated and taken advantage of. But the 
sense-organ to which we are now coming 
is more complicated than this. Sound 
consists of rhythmical pulsations of the air, 
and there is no evidence whatever that such 
pulsations can act directly on living proto- 
plasm. Indeed, we shall find on examining 
the ear that the stimulus which excites the 
auditory cells is not a sound-stimulus but a 
touch-stimulus, for the ear is an elaborate 
machine so constructed that whenever 
sound-pulsations fall upon it, sensitive cells 
are touched. Herein lie the wonder and 
ingenuity of the ear ; it is a definite 
extension of the faculties of living matter. 



There are A lowly organized creature, such as an 
only four kinds earthworm or a polyp, can taste or feel, 
of pure taste but it lacks the structures that convert sound- 
sensations ; waves into stimuli capable of exciting 
Sweet, sour, protoplasm directly, and is therefore ignorant 

bitter, and salt, of the rich and varied world of sensations 

Any particular that sounds can evoke. An examination of 

taste-bud is the anatomy of the car will make the point 
specialized to plain. 

respond to one The organ of hearing consists of three 
only of these parts — the outer visible car, the middle ear 


Fig, 43. A taste-bud from four tastes, with its car-drum, and the inner ear, 

the tongue^ magnified. The many and The inner car is the true sense-organ, 

varied sensa- for it is here that the vibrations cause the ; 


tions arising from substances in the mouth 
arc complexes, made up partly of the four 
element^ taste-sensations, and partly of 
other kinds of stimulus. The difference 
between mutton and ham, for example, 
is smelt, not tasted ; it is due to a diffusion 
of odorous molecules into the hinder parts 
of the nose, and most of the subtler dis- 
criminations usually attributed to the palate 
are in re^ty performed by the olfactory 
membranes. A serious cold, by clogging 
the nasal passages with mucus, can completely 
destroy this part of our sense of taste, and a 
man who shuts his eyes and holds hb nose 
will be hard put to it to distinguish between 
a bit of apple and a bit of onion in his mouth. 
Further, substances may stimulate sense- 
cells, which are neither gustatory nor 
dlfactory ; thus, mustard stimulates the 
warmth-ends, peppermint stimulates the 
fspld organs, and some substances produce a 
deepens tingling that is in fact a very 
is known 1. 


excitation of sensory cclb and the initiation 
of nervous impulses. The outer and middle 
cars arc structures which collect sound 
vibrations and transmit them to the inner : 
ear, making it possible for that elaborate 
and fragile device to lie safely embedded in 
the bone of the skull. Most mammals 
arc provided with a natural car-trumpet in 
the external car, a hollow cone which can 
be turned about to face the direction from i 
which sounds are comingi and which ■ 
therefore makes feeble sounds more distinctly j 
audible. From this car'tnaapct a short 
tube leads to the ear-dnimt the boundary 
separating the Outer and middle cars, b 
man this amplifying apparatus is 
developed ; the external car k a mere nap 
of no acoustic importancOi the j 
of moving it, except in a fevy^lted indivio- | 
uals, is absent. For this al^ougn 

man can distinmiish 
a wide range d |dtdi^ 
discern feeble sounds thfei' 41 ^ ^ 
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I he cannot get such an accurate idea 
the direction from which sounds 
; (oming. The tube leading from this 
lu((d car-trumpet to the ear-drum is 
)V](led with hairs and wax-secreting cells 
Lt liave a filtering and protecting function 
hlar to that of the .hairs and mucus- 
leting cells of the nose. 

I hc middle car is a narrow chamber 
cd with air and communicating with the 
)uth hy means of a duct, the Eustachian 
e. I hc walls of this tube are usually 
.ssed flat together, but when the pressure 
the middle car becomes too diflferent 
in that outside, they are forced open and 


there is an even more important reason. 
The inner car is filled with a watery fluid, 
^d the properties of sound waves travelling 
in water arc very different from those of 
sound waves travelling in air. The bones 
act as levers and reduce the amplitude of 
the vibrations, but at the same time, by 
concentrating the energy qf the vibrating 
car-drum on to a window only onc-twcntictn 
of its size, they make the sound pulses more 
vigorous. They are a means of getting 
over the difficulty of transmitting sound- 
waves from air to water. 

The inner ear is an elaborate labyrinth of 
passages, embedded in bone and filled with 



ittlc air passes 
c way or the 
her. This 
Lises the click 
the ear which 
‘ experience 
:er ascending 
descending 
pidly in a lift 
iiioijiitain rail- 
i\, J’he walls 
the middle ear 
e strong and 
my, except in 
re(' places, 
le hist and 
rgcsi of these is 

I e ear-drum, 

II d in the 
L'ond and third, 

f cm sir a ovalis 
id jeneslra ro- 
nda (oval win- 
m and round 
indowj, there 
c even more 
die ale mcm- 
anes which 
paratc middle 
id inner ear. 
chain of three minute bones, prettily 
inted together, runs from the car-drum 
the lenestra ovalis ; because of their 
idous shapes these bones arc called the 
unrner, the anvil, and the stirrup, 

Sound waves, travelling down tiic outer 
strike the ear-drum and make it vibrate ; 
f nieans of the chain of bones, the vibra- 
)ns oi the drum are transmitted to the 
nestia ovalis. This elaborate device is 
protective, for the hammer i so 
'inicd lo the anvil that if a violent jar 
curs, such as a box on the ear, the two 
dis< iigaged and th^e it not passed 
to the delicate inner But 


a lymph-like fluid ; as we have seen, this 
fluid is made to vibrate whe^ sounds fall 
on the outer ear. 

A part only of the inner car is concerned 
with hearing. We shall sec later what the 
rest is for. The part that concerns us at 
present is a narrow, tapering tube, about an 
inch long, which is coiled into a dwindling 
spiral like the shell of a snail and is therefore 
c^lcd the cochlea. This cochlea is divided 
into three compartments by a pardtkm 
which runs along its whole l«^th« On this 
partition the sense-cdb are situated, llie 
sense-c^ are represented in Figure 
they bear stiffs hiur*lBce prqj^ons m. 
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upper faces, and they are surrounded by the that if one sounds a tuning-fork near a piano 
endings of nerve-fibres ; moreover, they arc with the damping pedal down, the particular 
placed on an elastic membrane and over- note of the tuning-fork is echoed by the 
hung by a rigid shelf. The working of the appropriate wire of the piano — the pulsa; 
ear depends entirely on these anatomical tions emitted by^ the tumng fork make a 
relationships. When the fluid surrounding wire vibrate if it is tuned to the same 
the apparatus vibrates, the elastic membrane pitch. And in a similar way rhythmical 

vibrations of the fluid in the inner 
car only shake the particular part 
of the elastic membrane that is 
tuned to their own pitch. Notes 
of different pitch affect different 
parts of the membrane, and so 
cause impulses to be sent to the 
brain along different nerve-fibres. 
Clearly, there is no distinction at all 
in the manner in which G and C 
sharp stimulate cells — both notes 
cause sensitive cells to be bumped 
against an overhanging shelf, and 
the distinction lies in the fact that 
each note shakes a different groun 
of cells. ^ 

Thus we sec that the auditory cells 
are not sensitive to sounds as such, 
but they arc sensitive to being 
, , , , touched ; the car is an ingenious 
Fig, 45, The spiral cochlea cut across. It is embedded device for touching different cells 

in bone. {Compare Fig. 52.) when notes of different pitch are 

sounded. The nerve-fibres run 
bounces up and down ; this brings the sense- from the ear to the brain, and here the 
cells into collision with the rigid shelf, and impukes are interpreted as notes of varying 
it is their impact with the shelf that stimulates pitch according to the particular fibres 
the celk and causes them to dispatch along which they arrive. Further, it is in 
impulses along the nerve-fibres to the the brain that the sensations given by simul- 
brain. taneous notes of different pitch are com- 

According to the theory most extensively bined to form the complex sensation of a 
held (for there are differences of opinion chord, and becoming pleasant, discordant, 
here)* the method of 
discriminating be- 
tween sounds of differ- 
ent pitch is as follows. 

The diameter of the 
cochlea decreases 
steadily from end to 
end of the spiral ; it 
is a spiral staircase 
that dwindles to a 
point at the top. 

Since all the struc- 
tures inside it decrease Fig. 46. A few sensitive cells of^he ear, to shm km Aey ore situated, 
i n proportion, the . . 

width of the elastic membrane on which the rousing, and so forth^ acquiw emotional 
sense-cells are placed also decreases. That is significance. ; 

to say, since the period of vibration of an Sight, In studying heaflng «nd smell we 
elastic body varies with its size, the different were forced to make hUmilBad% confessions 
parts of this membrane are tuned to different of inferiority. Dogs pcnjdtvc sounds an 
notes. The apparatus is like a piano ora scents too faint for U8 tp tintfcc* and tnc 
harp, where the wires give higher notes as they hiunan nose a^ outer ear ai^ miseraWy 
decrease in length. Now it is well known developed structures whca 
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lens 


CorntH 


Muscks 



Nerve 


47. 'The eyeball cut across to show its essential parts 

cir hoiiiologucs in other mammals. But 
)vv, in dealing with sight, we come into 
II own. Man and ape and monkey 
1) on vision far more extensively than 
i) other mammals, and it is probable 
)m its minute structure that the human 
e can sec more distinctly than any 
her, save that of some birds. Here, 
eii, is our consolation. We have such 
cellent eyes that we have no need of 
ses, and we may interpret the enviably 
isitivc canine muzzle as a sign of the 
[^dness of the canine eye. 

I he structure of an eye is very like 
of a photographic camera. We may 
tinguish two essential parts : a sensitive 
een at the back, the retina, and an 
iical system that projects an image of 
I outside world on to that screen. The 
■w IS the sense-organ proper, for it is 

I'.n forming 

, age act on sensitive c^ and 
_atc nervous impulses. The cycbaU is 
® camera, in order 
P It reflection and scattering of 

eve T in the front part of 

eye e very strikingly like the struc 

r„?.r of a camera. The 


a short distance behind the cornea 
there lies a doubly convex mass of 
transparent tissue, the Uns. The iris* 
of the eye works like the camera’s 
diaphragm. When illumi^tion is poor 
— in a dark room, for example, or at 
dusk — ^thc iris opens widely, so that as 
much light as ]^ible enters the eye ; 
when the li^ht is very bright it closes 
down to a pm-point, tor if the intensity 
of light inside the eyeball exceeds a 
certain value the retinal cells are 
iryured and become temporarily or 
permanently incajjacitated. There is 
another advantage to the use of an iris 
diaphragm, whether in the eye or in 
a camera, depending on the fact that 
the middle of a lens always focuses light 
more accurately than the edges. If 
the light is bright enough it is always 
a good thing to stop down the iris to a 
small size and cut out the edges of the 
lens, so that the image formed has 
the least possible distortion of colour 
and line. The lens divides the cavity 
of the eyeball into two parts. Of 
these, the part in front of the lens is 
filled with a watery fluid, the aqueous 
humoufy and that behind it is filled 
with a transparent jelly, the vitreous 
humour. The aqueous humour is constantly 
being secreted by glands in the ciliary region 



|l ofthr 

Pnt uuel 


( -—v. .ft rrty^ wv wrtvn 

^ 'ulffcs ^ **^®”®* Tht iimi that makes lear-Jhdd to ke^ iht ^ 

S orwards as the cornea ; hM (h'oins it awqjf mta iktu 


Fig, 48. Why we sn^f when we cry. 
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and oozing out through fine pores at the 
edges of the cornea ; by means of this slow, 
steady stream, food and oxygen are brought 
to the cells of the lens and adjacent structures 
and their \^3[ste products are washed away. 

The eye, then, is provided with a com- 
bination of two smoothly-curved bodies, the 
cornea and the lens, by means of which 
light can be focused on to the retina. By 
far the larger part in image formation is 



acts upon them in a cimus an( 
roundal^ut way. The matrix in betweej 
the retin^d cells contains chemical Substance 
which arc decomposed by light, in much thi 
same way as die silver compounds of j 
photographic plate arc decomposed b\ 

light, and it is the substances resultiJ 
from this decomposition, not the light itself 
that stimulate the cells. The rods and conq 
are not sensitive to light at all ; they are 

chemical sense. 

like taste. 
cSBs or smell-cells, 
and just as sound 
is converted into 
touch-stimuli in the 
ear, so light h 
converted into 
chemical stimuli in 
the eye. Sight is, in 
fact, an extreme 
utilization of chemical response. It is the 
brain which interprets the impulses of 
the retinal fibres as form and colour. 

We have seen that the great variety of' 
touch-sensations are in reality only blends- 
of one or two elementary kinds of feeling.! 
A similar analysis can be applied to colour-! 
sensations. It is known that we can give' 
rise to any desired colour-sensation byj 
projecting into the eyeball the correct 


Fig. 49. A rod {below) and a cone (above) from ihe retina, highly magnified. 

Thi sensitive end is U) the left. 

played by the cornea, which is responsible for 
about two-thirds of the bending of rays of 
light. The importance of the lens lies in 
the fact that It is elastic. By means of 
muscle fibres which pull on it the convexity 
of the lens can be altered ; the optical 
system is therefore adjustable, and in this 
way we can focus our eyes on objects of 
various distances. Sometimes this apparatus 
does not work as well as it should. The 
muscles may not 
pull properly, or the 
eyeball itself may 
be slightly out of 
shape, so that the 
image is not crisply 
focused. In other 
and more familiar 
words we may be 
short-sighted, or 
long-sighted, or as- 
tigmatic. But such 
defects can be easily 
remedied by put- 
ting extra lenses 
into the optical 
system — by an eye- 
glass or a properly adjusted pair of spectacles. 

The sense-cells of the retina arc of two 
kinds, called rods stna cones. The appearance 
of these two elements is shown in Fig. 49. 

Each has at one end a striped structure, 
longer and more slender in the rods than in 
the cones, which is presumably the scat of 
stimulation, and each tapers away into a long 
nerve-fibre at the other end. It used to be 
thought that these cells were directly 
sensitive to light, but it has recently been 
shown that Uiis view is incorrect light 
80 



Fig. 50. The blind spot. ^ 

Close the left eye find lookjixedfy at the cross with the rights the page ten 

a foot from the face. By moving it nearer or farther a diitantfi cm hefimnd at which »i 
circle disappears, its image jailing on ^ bhndspOt^ 

mixture of red, 4^ violet 

Probably there are thred dififeren 
sensitive substances Hfjt' the letina, decoif 
posed by red, gre^ !I 

spectivcly, and thek 
give rise to the thi^ 
sensations. Tlie |Mi00ei|^ 1^^ 
three senjiaticms 
such as yellow 

in the l)raiii and k ^ 

blending 
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f nt ivc-fibrcs with the brain, and before 
consider the niental processes accompany- 
jig vision we may take note of a curious 
natoniical fact about iht way in which these 
,ervc-libres are arrail|fed. , 

By -iiialogy with other sense-organs one 
i/ould < xpect the 


tripcu 

jids oi the rods 
nd rones to 
,()inl towards 
he lighi and thoi^* 
lervr-tihrcs to 
rad a way in the 
ippositc direc- 
ion. ihil, as a 
lUiUn ot fact, 
he exact op- 
xisite is 
0 u n cl . 

['he sen- 
or)' ends 
if the re- 

inal cells are turned to- 
wards thc' wall of the eye- 
lall and the nerve-fibres 
:)nn a layer intervening 
irtween them and thc 
,ght to which they afe 
riisitive. One would ex- 
ect this nervous layer, 
ii(‘rposed between the 
stinal cells and thc light, 
) fog thc images that arc 
list on the cells ; and so 
does, ovtr the greater 
art of thc retina. But in 
le eyes of men, apes, and 
lonkeys this arrangement 
modified in one region, 
ing nearly in the 
mtre of the back 
all of the eyeball, 
id called the yellow 
because it turns 
'how after death, 
his yellow spot is 
ir spot of distinct 
Sion, and it makes 
sight ol' the ani- 
als that possess it 
clearer and better 
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A (l) Ihijintr htiriomkU lirns an stnaaht and pandUj 
m (a), ^ ihadtd mat m tfoal in in (3), the 


ana better . r" ® «• ( 3 ). «* . 1 • irAI t j . 

‘ng than that of anv fir^^aattUppti ; in{di,tbt two parU 

her niannnals I ^ ^ "** CourttCT* by ti^ 


!>» niannnals. In 
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vessels in that particidar part of the retina. 
From it Ac nervous fibres run tc^jether to a 
specif rc^on of thc brain, and, small as it is 
relatively to Ac rest of Ac retina, Ac fibres 
firom its sensory elements malgk up a third 
of thc whole Aick stalk of Ac ^ptic nerve. 

We can sec a 
thing distinctly 
only when it is 
focused upon 
^ spot, and so 
it is natural to 
conclude that 
such animals as 
the cow, horse, 
dog, or mouse 
do not sec things 
with any Aing 
like the 
same defin- 
ition as 
ourselves, 

A short 
distance ,Jpm the yellow 
spot is me pomt where 
thc optic nerve leaves Ac 
eyeball. Thc fibres of Ae 
redna all converge to this 
point and are Acre 
gathered together and de- 
part. This is Ac blind 
spot ; at this point Acre 
arc no sense-cells at all, 
M no appreciation of Ac 
image is possible. Under 
normal conAtions thc 
blind spot of one eye is 
covered by a sensitive part 
of thc other, so its existence 
is not suspected, but by 
means of thc well- 
known experiment 
reproduced as Fig. 
50 thc reader wul 
be able to convince 
himself Aat he 
possesses a blind spot. 
King Charles II wai 
so entertained *by 
this experiment Aat 
he us^ to practise 
takingoff Ac hcadsof 


Ulustrati^ some errors of judgment 
in our visud brain-centreso 


harmless me Am. 
There is an important contrast be^ftStsia 
Ae mental processes accoxnnanyinf 
and Aose accompanying ymoti. 

Bcm Aat Ac particular pari of 
stotilatod by a nota depends on pitoh* 

On Ac oAcr faaiul 


BOOK I 


THE SCIENCE OF LIFE 


CHAPTER \ 


retina stimulated by an object depends on 
its position. The ear is a sense-organ for 
perceiving the qualities of sounds ; our 
ideas of the direction from which sounds 
arc cominff are generally vague, based, 
for exampl* on the relative intensities with 
which they are heard in the two ears, and 
which ear hears them first. But the eye 
is an organ for determining the spatial 
properties of objects — their positions, shapes, 
and movements. The brain is constantly 
elaborating the information received from 
the eye by means of unconscious associations 
with past experience. In our judgments 
of solidity and the three-dimensional shape 
of objects, for example, we rely to a large 
extent on their shading and on associations 
of shading with experiences derived from 
the touch sense. But we cannot go further 
into this constant unconscious judging and 
weighing, nor into the many ingenious 
optical illusions that illustrate some of the 
errors that both our optical apparatus and 
our visual brain-centres can make. One 
or two such ilribions arc reproduced here- 
with. (Fig. 51.)^ 

The characteristic thing about the eye is 
the precision of the spatial information that 
it can obtain. By means of its nose a mouse 
can tell that there is a cat about somewhere ; 
by means of its ears, it can hear him moving 
and locate him roughly ; but by means of its 
eyes it can get precise information of the 
enemy’s whereabouts— and that, after all, 
is the most important thing to know. 

Sensations of Position and Movement, We 
have already remarked that the muscles, 
tendons, and joints are provided with minute 
sense-organs of elementary structure sensitive 
to such stimuli as the tension in a muscle, or 
the degree to which the two faces of a joint 
slide over each other. By means of these 
orgam our impressions of the relative 
positions of our parts are derived. If, for 
example, we close our eyes and allow some 
other person to move one of our arms into 
a new position, we have no difficulty in 
feeling what position the arm has been put 
into. Such sensations are due to these 
simple organs in the muscles and joints. 

The central nervous system is continually 
iinpulses from these organs, and 
5uch impul^s play a very important part 
in controlling movements. Obviously, if 
the central government wants to put the 
right hand into any particular position, the 
muscles that must be called into action 
depend on the position that the movement 
starts from. During complex acts, such as 
ivallang, impulses are constantly streaming 
32 


in from the joints and muscles,' infonnint 
the central government what stage in 
walking process has been reached, so thai 
it may know what to do next. This poi^j 
may not seem very evident to the reader 
but it is amply proved by the symptoms of 
diseases, such as locomotor ataxy, m which 
the sensory nerves of the legs are put out of 
action, while the motor nerves are unim, 
paired. There is no loss of power in the 
muscles, but there is a surprising loss of 
control. Even in the early stages the patient 
has to look at his legs while he is walkin? 
to get some idea of what to do next ; usually 
he exaggerates his movements, raising the 
feet too high at each step and putting them 
to the ground with a stamp. In the later 
stages, walking becomes quite impossible ■ 
when an attempt is made the legs are thrown 
about in all sorts of directions without 
any effective result. Thus, in spite of well- 
nourished muscles and intact motor nerves 
the patient’s legs arc paralysed as far as any 
useful activity is concerned. 

In addition to these important sense- 
organs there is yet another group, a group of 
very elaborate and specialized sense-organs, 
situated in the head, from which we get 
impressions of the position and movementt 
of the body as a whole. 

The labyrinth of the inner ear, as we have 
seen, is a hollow bag of complicated archi- 
tecture, embedded in bone. Moreover, 
only a part of it is concerned with the 
perception of sounds. Fig. 52 shows the 
appearance of this labyrinth. £)n the left 
is the spirally coiled cochlea, where sound- 
vibrations are converted into touch-stimuli 
in the middle there is a bag, the vestibule; 
and on the right lie the structures with which 
we must now concern ourselves. 

It will be seen that there arc three arching: 
tubes, the semicircular canals, each leading 
out of the vestibule, sweeping round in a 
regular half-circle, and opening again intO; 
the vestibule. It is important to observe 
that these three canals lie in three planes at 
right angles to each officr. The posterior 
canal lies in the plane of the page, while 
the other two stand out peipendicularly 
from it ; at the same dme the planes of the 
superior and lateral canab arc perpendicular 
to each other. ' 

Each of the three canab has at one end a| 
slight swelling, the amptitk. It is here tha j 
the actual lense-celb ait?, }o<®led. In 
ampulla there b a duster of cdb with loil 
hair-like processes |»ojcCtilig into the ca\ij 
of the- canal, and continuous below 
nerve-fibres* 
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suppose that the head is suddenly 
loveci liorizontally from right to left— i.e,, 
j thi^ ]>lane of the lateral canal (a sudden 
ackward glance over the shoulder would 
evolve such a movement). The labyrinth, 
; WC have seen, is full of a lymph-like fluid, 
fid when the head is suddenly moved the 
of this fluid will make it lag a little 
ehiiid the movements of the labyrinth itself, 
here will be a slight circulation of fluid 
1 the lateral can^ and, therefore, a bending 
: the delicate hairs on the sense-cells in the 
aipulla. This bending stimulates the cells 
iid causes them to dispatch nervous 
npulses, which are interpreted by the brain 
i a sensation of horizontal movement, 
ow, since the three canals lie in planes 
t right angles to each other, corresponding 
) the three dimensions of space, any movc- 
lent of the head will bring about 
circulation of fluid in one or more 
: the canals, and the direction of 
le movement will determine exactly 
1C relative amount of disturbance 
I each of the three. That is to 
ly, any movement, if it is vigorous 
tough, will cause a stimulation of 
le sense-cells in the ampullae, and 
^ comparing the strength of dis- 
iibaiice in each of the three, the 
rain is able to judge the direction 
: the movement. Without this in- 
nnation we should be helpless 
hen we tried to walk or run. 

It will be noticed that the work- 
g of the apparatus depends on 
le inertia of the fluid in the canals. 

therefore detects, not constant 
liform motion, but accelerations 
id retardations. If we are seated in a 
jjway carriage with the blinds pulled down, 
long as the train travels at constant speed 
e cannot feel whether we arc facing the 
igine or not ; but when the train slows 
►wri or speeds up the change in velocity 
ccarly felt. The semicircular canals 
c like most of 


that we stop abrupdy. The inertia of the 
fluid will work in the usual way ; it will 
tend to go on moving, and will circulate 
for a little time in the canals after we have 
come to rest Evidently, it w^ now bend 
the sensitive hairs in the opposite direction, 
and we ^ct the illusion of rotating in the 
revere direction to that in which we were 
spinning. By putting our forehead down 
on to the top of a walking-stick, and then 
moving round it as fast as we can, we get 
giddy in a vertical instead of a horizontal 
plane. 

On the other hand, there are sense-organs 
in the ear that apparently do not conform to 
the general law of contrast. On the wall 
of the vestibule there are two patches of 
sensitive cells, one patch lying in a vertical 
plane and the other in a horizontal plane. 



our sense-organs ; they feel, 
i«;n° changes in motion. It is 

ttJ- ^ ‘demonstrate this fact by a simple 
^*Pc«ment that was famUiar 
days when a waltz was a 
L “ modified foxtrot. Suppose 

It minutes, swftly 

N id ^ ac<;clerat 4 

d 111 our labyrinths lags a litUe, and 

C SeilRafirtri j 


get 

E after 
tion 


seiisation of twisdrig roimd' : 

little timia 


. as a rcs^t of its 

Mcsamr'I" circulation 

hundil, exactly as the 

P labvnnil,. 


. 52. The labyrinth of the inner ear^ somewhat 
magnified. 

The cochlea on the left ; the semicircular canals on the right. 

The structure of these cells is essentially 
like that of the sense-cells in the ampullae, 
but in among their hair-like processes there 
arc tiny noduiles of carbonate of lime, called 
the otoliths. The otoliths arc constandy 
pressing on the surrounding hairs, and they 
constandy stimulate the sense-cells with an 
intensity depending on the direction of their 
presstue. Since this direction depends on 
the posidon of the head— i.e!, on its inclina- 
don to the verdcal — the sdmuladon of the 
cells will also depend on the posidon of the 
head. In this way, by streams of impulses 
from the sense-patches in the vesdbulc, the 
brain is constandy informed about the 
inclinadon of the head. 

At first sight the inner car seems a very 
heterogeneous structure, since it detects 
factors so diverse as sound and poridon* 
But there is a principle common to aU these 
organs— cochlea, semicircular canals, and 
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patches in the vestibule — and one that 
distinguishes them from all our other sense- 
organs. We saw that the sense-cells in the 
cochlea arc not sensitive to sounds as such, 
but that diey are touch-cells. Similarly, 
the sensc-c3ls in the semicircular canals and 
vestibule arc touch-cells, and the parts 
are so constructed that they arc stimulated 
whbnevcr we move, or whenever our 
position is abnormal. The inner ear, then, 
IS a complex of several ingenious anatomical 
devices for stimulating touch-cells whenever 
certain conditions arise — conditions which 
themselves do not excite living proto- 
plasm directly. 'The basal sense in all 
these cases is touch. Touch and chemi- 
cal reaction, warmth, cold, and pain are 
the primary sensations, and all our percep- 
tions of the outer world, vision, hearing 
and all, are based on these by processes of 
elaboration. The sensory process of a man 
who listens to a sonata of Beethoven differs 
only in elaboration from the sensory process 
of stroking a cat, as does that of a man who 
admires a painting by Michaelangelo from 
the tasting of a crumb of sugar .by a mouse. 


§6 

The Nervous Mechanism and the Brain 

Now we are in a position to state certain 
general ideas about the working of the 
behaviour-system in the animal bodies we 
have made our opening subjects of study. 
Later on we shall take up these general ideas 
again and scrutinize them much more 
closely. We have considered the motor 
mechanism and the organs of sensation. 
Their action is correlated. How closely 
and exactly it is correlated, we shall defer 
until that later discussion. We feel something 
and we act in response ; let that suffice 
for the present. We may hardly observe 
that we feel something, and yet we may act 
in response. 

It is customary to distinguish and contrast 
two aspects of l|j^viour in reply to a sensory 
impression. As an example of the first kind 
we may consider what happens when the 
hand touches a hot object-— the red end of 
a cigarette, for example. We withdraw 
the hand, and do so very quickly indeed, for 
the movement begins before our conscious 
minds arc even aware of the pain. Such an 
action is called a reflex action, or more 
compactly a reflex. It is entirely automatic 
and ind^ndent of the mind ; we withdraw 
our hand, not because we thii^ we arc going 
to be burnt, but simply b^usc we are made 
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that way. It is, so to i^ak, part of 
anatomy. 

There is another type of respome \vhi(i 
does not appear to be so automatic as 
reflex. It is more complicated. A ccrtaii 
clement of memory and consciousness j 
involved. The reader hears a gong, fQ 
example, and makes appropriate prepara 
tions for lunch, or he hears the Nationa 
Anthem and stiffens up as he has beei 
trained to do. The behaviour of the higha 
animals is twofold in character. Its act 
may be of a simple and prima^ form, pai^ 
of an inherited and automatic system d 
reflexes as much a part of one!s constitutios 
as the disposition of one’s arteries or bowels 
or they may involve a larger or smalla 
clement of acquired response. There is the 
simple reflex and there is the reflex com* 
plicated by something else & obviously 
mechanical. 

This duality is reflected in our anatomy, 
for these two systems of response have differ 
ent scats. In the accompanying figure it can 
be seen that the greater part of the craiiiunii 
is filled with an oval, wrinkled mass, tii 
cerebrum. A vertical cleft divides this orga/ 
into two halves, the cerebral hemispken 
but the cleft lies in the median plane 
is not seen in the figure. The hemisphi 
arc the scat of the mind ; it is here that those! 
processes of memory and association take 
place which underlie responses of the second 
kind. The rest of the central nervoui 
system, the spinal cord and certain lowed 
parts of the brain that arc overlapped an(| 
hidden by the cerebral hemispheres, 
concerned with automatic actions onlyj 
Only the activities that come up to the 
' cerebrum, and not all of these, arc conscious. 

By removing the ccrcteil hemisphere! 
it is possible to get a mindless mammal 
and to sec just how far one’s many action 
arc due to the intervention ctf the highc 
centres. Such anhnals have the spina 
cord and the higher reflex centres in^ 
but they lack any power of learning, under 
standing and memoty, and presumably the 

lack any sort of continuing t»nsciousnesi 

A “ decerebrate ” firag, for. example, ca 

breathe and swallow ; it wfli lit in the us^ 

position, and when fdeKXtefl or 

stimulated it will jump guiding iw 

by sight so that it obstacles ; ^ 

turns over at once if on its d 

If it is put into water 

it finds an islami of 

floating piece of 

and then riti 

dog 
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or walk ab^t — ^indeed it spends 
irly I he whole of its time in prowling 
tlcssK and aimlessly around-Hind 4t night 
slerp^ soundly. But these decerebrate 
Inials differ from normkl animals in the 
nplcK lack of any sign of psychical 
1 nom( na. Mentally th^ arc dead. All 
imations of feeling ^ cease. They seem 
able io remember or to anticipate. If 
is pul into their mouths they will chew 
swallow it, and digest it, but they never 
)w ail) signs of appetite or hunger ; even 
len ihoy are starving they never look for 
id, and if food is put into their cages they 
I not touch it of their own accord. They 
not recognize it as food. And 
lilarly with painful stimuli ; a 
.erehrate frog will jump away 
it is pinched, and a decerebrate 
^ will snarl and snap, but neither 
)ws any sign of fear at a threat, 
ey make no response at all unless 
‘y are directly stimulated. 

Perhaps the most noteworthy 
int about these animals is not the 
ngs they cannot do but the 
ngs th{‘) can do. Consider sim- 
^ the fact that without cerebral 
nispheres a mammal can walk 
3ul and avoid obstacles. Walking 
I very complicated activity indeed, 
involves the contraction of a 
mher of muscles each at the 
hi moment -moreover, when any 
iscle contracts those which oppose 
action relax their tone ; it in- 
ves a stream of sensory impulses 
m the limbs that report progress so 
it the central nervous system may 
)w what to do next. But it also in- 
ves other things, for the organism 
5t keep its balance. There arc 
3ulscs streaming in from the 
yrmth ot the ear, from the 
ssurc organs in the soles of the feet, from 
eyes which tell the central nervous 
em about the position of the body ; and 
‘lie always slight movements <rf ^ 
y 0 )r made, movements which arc not 
pulsivc but which keep the l»dy balanced 

idre k ' f Clearly thete are 

whi reflate, ^ .on, aU 

,ct perfectly automatic. In the 
«.m.r„mal-<,un,elve*. for eaampfo- 
act undereurrrtt, of 

j wti .When we stand - efe t. or 


tautness of our muscles and makes ^ht 
adjustments of the positions Of our parts. 
And in this category come many of our 
other activities— such as breathing move- 
ments; but we cannot c?itajpgucitihcm here. 
Neither, unhappily, can we go into the mass 
of accurate information that has b^ 
collected about reflex actions. Roughly 
speaking, they depend on the way in which 
nerve-fibres are disposed in the central 
nervous system ; they are literally parts of 
our anatom^y. But the story is a complicated 
one, and it still has its obscure palsagcs. 
We shall return to^it in ^ later book. All 
wc can do here is to remind Mr. Everyman 
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exposed from the right, 

that the most humdrum activities of his daily 
life depend for their due performance upon 
the existence of a piece of machinery whose 
construction of li\dng thr^ids and cells 
far outdoes in complicadon any machine of 
metal or rubber or glass ever constructed 
by men. 

The cerebrum, the organ of the mindj is 
superposed upon this system of autejihatic,^ 
machme-Uke responses, and it is f^pabk^ 
of interfering with and modifying the ehtivit)' 
rf the reflex centres. Retummg 
.* — — ^ awnparison of the body to a state 

r(si,nm?Ki nervous systttn to a 

for our the spinal aad and the bmioii^ ipayl^^ 


pnstani ,■( 
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departments, dealing with ordinary matters 
of routine even up to a very high degree of 
complexity, while the cerebral hemispheres 



Fig. 54. A slice of the cerebrurriy showing the 
outer layer of grey matter and the core of white 
matter. 


are the executive considering the state of 
affairs as a whole and making special 
decisions only when the routine responses arc 
insufficient. 

If we cut a slice off one of the hemi- 
spheres — the reader may do this for himself 
whenever sheep or calves’ brains come to 
table — we observe that there is a division 
into two kinds of tissue ; running over 
the surface of the hemisphere there is a 
layer of CTey matter ; and this is where the 
nerve-cells are seated and where the mentol 
processes actually take place. And inside 
this there is a branching core of white 
matter, consisting of the fibres that put the 
cells of this grey matter into communication 
with the lower routine parts of the brain and 
with other parts of the body, and also con- 
nect different areas of grey matter one with 
another. Impulses arriving from the sense- 
organs come first to the lower receiving 
centres whence fibres lead away in two 
directions ; some go to the reflex centres 
and others to the cerebral hemispheres. 
The impulse may be wholly reflected in a 
reflex or pass on in part and nwrc or less 
modified to the hemispheres. Responsively 
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a system of fibres takes impressions dow] 
from the hemispheres to the motor nerve 
cells in the brain-stem or spinal cord 
Thus the executive can consider specia 
circumstances, command special movenientj 
and even inhibit and overrule the norm^ 
activity of the automatic administrativ( 
centres — as for example the mind of Muciuj 
Scaevola inhibited his reflexes when to 
impress Porsenna with the fortitude of a 
Roman he held his hand in the burning 
coals and kept it there in spite of his pain. ^ 
We shall see in a later part that the extent 
to which this control by the , personal execu- 
live can be exerted varies in different 
animals. A fish or a frog is to a large c.x. 
tent a reflex 
machine, but as 
we examine in 
turn the lower 
and higher 
mammals lead- 
ing up to man, 
we find the 
lower centres 
relying more 
and more com- 
pletely on the 
guiding control 
of the hemi- 
spheres. At 
the same time 
the h e m i - 
spheres them- 4 
selves are better 
and better 
developed ; in 
a frog they are 
relatively small, ^ 

but in one of 
the higher 
mammals, even 
at the mouse 
level, they arc 
large and their 
s u r fac e is 
thrown into 
wrinkles so 
that as much 
grey matter as 
possible can be 
fitted- into the 
cranial cavity. 

There can be 
little doubt 
that the dis- 
tinctively large 
cerebrum of 
man is associ- 
ated with the 
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istiiKtive complexity and definiteness of his 
^ougl it -processes. 

niay note here, before we break off 
jis 1)1 lof first account of the working of the 
rain, > curious part of it lying at the back, 
phiiui and below the cerebral hemispheres 
ha\ ing a more closely wrinkled surface 
laii liny. This organ, the cerebellum, is a 
)rt oi private secretary to the cerebral 
eniisplicres. It is discriminating but not 
onsrious. Its activities may best be dis- 
lavecl by a single instance. A very intricate 
oniplcx of reflex actions keeps our bodies 
lalanccd. Suppose that the cerebrum inter- 
cues and sends a command to the appro- 
iiiate motor cells in the spinal cord so that 
1 )^ liglii arm is raised. The centre of 
ravity of the body will be shifted, and in the 
bscncc of any compensating adjustments 
\r should sway over to the right side. But 
he ceiel)ellum sees to this. It watches the 
iris of the superior authority and takes 
inobtrusivc but appropriate steps so that the 
general equilibrium of the body may not 
)(• upset— the example chosen, it would 
all lorih a sliglit compensating movement 
){ the left arm or a slight adjustment of the 
)osition at the hip-joints. 1 1 is like the official 
n a cinema studio who ‘specializes in “ con- 
inuity,*' it notes the actions of the directors, 
lupplies their omissions, and, without bother- 
iig the mind in the least, sees them through. 


Occasionally Mr. Everyman may afford 
an unpremeditated* demonstration of the 
function of the cerebellum. It is sensitive to 
an excess of alcohol in the system and speedily 
becomes disorganized under its influence. 
The cerebrum itself may be even elated 
by this drug and may issue many bright and 
pleasing orders in consequence, but the 
cerebellum fails in its customary secretarial 
care. Consequently Mr. Everyman’s move- 
ments become unbalanced. He walks, bu4 
he no longer walks with grace and precision ; 
he may become excited by ideas and garru- 
lous, but his larynx, lips, and mouth fail 
in the fine adjustments necessary for perfect 
articulation. He seeks to give playiul slaps 
to his friends and misses them pcrplexingly. 
Similar results may be due to organic injury 
of the cerebellum, and it is sometimes 
difficult to distinguish the permanent from 
the transitory derangement. 

This is as far as it is convenient to carry 
our account of the brain at the present time. 
Throughout the Books that follow this one 
we shall be gathering the material for a later 
more exhaustive attack on the mysteries of 
that coating of grey matter upon the outside 
of the cerebrum, which is the seat of Mr. 
Everyman’s dreams and desires, the vehicle 
of his imagination, the medium of his joys 
and sorrows, the most important stuff in tlie 
universe for every human l)eing. 
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§ I 

. Age and Decay 

I N the course of time Mr. Everyman 
discovers that he is growing old. He has 
avoided complex chills, his leuc^ytcs «^ve 
defeated a score of dangerous infection, he 
has had wounds and they have healed, but 
nevertheless it is borne in upon him that he 
cannot go on for evcrr_ He realize a slow 
rusting up of this strange machine with wmch 
he is identified, and neither he nor any help 
he can call in seems able to arrest that inevit- 
able march towards cessation. 

The amount of specialized tissue that a 
body can lay down is limited. We possess, 
normally, the apparatus for making two sete 
of teeth, but no more. When any tooth 
of the second set is worn out, whether by 
decay or by inadequate blood-supply or by 
TSheer grinding away of its hard surface, it 
leaves a gap that can never be filled again. 
So with our softer tissues. Our nerves and 
muscles and glands, just Hke other delicate 
machines, are damaged a little by their 
own working, and we cannot ke^ them m 
repair for ever. For this reason after we 
have lived for some forty years our bodies 
begin to wear away ; gradually, but with 
gathering speed, we lose weight. 

This wearing-away chiefly involves the 
more specialized tissues. Skeletal or con- 
nective tissue, which consists of anatomically 
undifferentiated cells bafing about among a 
scaffolding that they have built up, is 
relatively unaffected. It is the brain and 
muscles, the kidneys and liver, that shrink. 
Moreover, different tissues dwindle away 
at different rates. The brain-tissue goes 
more rapi^y than the cerebral ^cries, so 
that the latter, having their origii^ leiigth 
but a shortened course, become twisted into 
curious loops and spirals. Similarly the 
skin docs pot shrink at ail fast, so that, as 
the underlying muscles wear away and the 
fat stores arc used up, it becomes thrown into 
wrinkles. As our specialized cells degenerate 
our faculties gradually become blunted. 
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We cannot see or hear as acutely as before, 
our muscles are less powerful, our digt stion 
is less efficient, our brains' less active and less 
accurate. 

The chemical basis of this wearing out 
is at present not understood. Old age seems 
to be associated in some way wiA defective 
calcium metabolism ; the brittleness of 
senescent bones is due to the resorpbon of 
lime salts into the blood. Moreover, there 
seems to be an accumulation of poisonous 
substances in the blood. It has been shown 
that if a culture of healthy tissue from a 
growing chick (Chapter 2, § 2) be mounted 
in blood-serum from a very old bird the cells 
cease forthwith to divide and grow. 

The slow exhaustion of old age may also 
be complicated by other changes ; in the 
great majority of old people (but not in all) 
there is a gradual stiffening (xcferoJtv) of iht 
arteries, and (here may be a similar stiffening 
in other tissues. 

Sooner or later one or other of the 
essential organs fails and the body dies. 
In most cases of natural death m people over 
fifty the failure occurs in the circulatory 
system ; the heart stops, or of the 
stiffened arteries bursts, and ^1 th^, 
tissues perish because of tlte cessation 0 
their blood-supply. In other cases the 

failure occurs clscwhcrc-^m the brain- 

centre that calls forth the ro^Amtory move- 
ments, for example. , 

It is important to realize that otir cells 
not die because mortality is inbfflfcnt in tw 
internal structure. TW M 

arc parts of a very comj^MSftied ^ . 
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inc matter is potentlaHy immortal. If 
kcvps a culture from the tissue of a young 
and takes $uHulture regularly^ 
.p ra( ( of cells can apparently go on grow- 
and dividing indefinitely. Death is a 

(,ns(Xj lienee ‘ ** * 


of incomplete oiganization ; 



Aousand yehrs, and the Siqma ^emka Pf 
California almost ^ long. 

The prolongation of the restless, various 
human life is a much more complex issue 
than that oi isceping alive a captive bird or 
fish. Many (id weqplc arc itiu hungry for 
experience, and the foot that tiic intclBgencc 
outlasts many othfe bodily powers gives 
the death of ripe-minded and balanced 
men and women a quality of tragic' waste. 
From what we have said and from what w 
will explain a little later, it will be plain 
that the process of old age is at least partly 
chemical and aecompanied by defects 
internal secretion. But it is not by any mcam 
a simple process ; this man gives first at erne 
point and that man at another, and the 
replacement or reinforcement of the secre- 
tion that would help in the first instance 
might simply intensify the want of balmice in 
the second. Ilya Mctchnikov was disposed 
to ascribe many of the phenomena of se^t)) 
to decay in the large intestine, and sought to 
correct this by a liberal use of koumiss— 
soured milk, such as the long-lived Tartan 
consume — ^which abounds in bacteria whose 
products check intestinal putrefaction. Fot 
a time koumiss was a fashionable drini 
among the elderly, but after the death ol 
Mctchnikov, at the age of seventy-one, faith 
in his remedy declin^. 

In the young and developing adult certain 
secretions from the interstitial tissues of the 


56 . The lower jaw at the prime of life 
[above), and a great age {below), 

tissiK^s (lie because they are parts of an 
iperlecily balanced body. 

|H(w far it may be possible for a body to 
slam its balance anti continue indefinitely 
least for a much longer period than the 
frnial lile of its species, is an interesting 
iticr for speculation. Such a prolongation 
lot Nature’s ordinary way. But there are 
iP'lm cl species which do remain recupera- 
lor relatively long pedods. PfiWnOtS 
P last out eighty years mid eagles ahundred, 

- such a fish as the cam, especially if it is 
ected Irom external dbanger in a garden 
5 seeiijs able to go on amiost wim^t a 
there is evidence for bnntod-and- 
‘year-oid carp and fin- pike have ■ 
Qioi two centuries. 'tfttca 

span of life. ' <lf 



Fig, 57 . J^eroi cells from the hredn of 4 jfouth 
of sixteen {left), and of m old mm (nght). 
The old celi is filled with droplets offea (shom hlmk), 

n^iroductive glands play an iiiyigc^S^ 
part in the growth atid streng^fei^ iiif the 
Wy» and various experimentm halve tiM 
to restore the dwindUng shppfy i|f 4i«K ■ 
feoedotii «s age ooitsfa on. 
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this end by local surgery, which for a time 
at least reanimates the declining tissue, 
Voronoff grafts new tissues, taken from young 
apes, in the effective region. There are 
other fairly obvious applica- 
tions, by injection and so 
forth, of the same idea. 
Resort is also made to the 
substance and secretions of 
the thyroid, the pituitary 
body and other ductless 
glands which influence the 
growth processes. Steinach, 
Voronoff, and various other 
workers indubitably pro- 
duced some remarkable re- 
juvenescences. But also they 
have had distinct failures 
and disappointments. Much 
more experiment is needed 
in this direction before we 
can confidently and safely 
hold back the advance of 
age. 

In age, we are dealing not 
with an orderly decline, but 
with an irregular develop- 
ment and progressive ex- 
aggeration of what at first 
were minor maladjustments. 
Fig, 58. Two The body is like a machine 
sperms very highly in which parts wear loose 
magnified seen and little rifts widen. It was 
from different never perfectly adjusted and 
angles to show the defects appear in use. 
the shape of the Each one of us ages after his 
head, nature and in his own 
fashion. A very capable, 
observant, and devoted medical attendant 
might by continual alertness check this strain, 
repair or replace that fagging part, and eke out 
a life far beyond the normal span. In some 
cases that might be worth while. And a 
general prolongation of vigour may be 
possible with more knowledge and care and 
improved surroundinf^. A time may come 
when men as a race will live more sanely 
and fully and suffer less. But it seems 
inconceivable that any individual human 
body will ever evade its final goal of death. 

Nature’s way with life is to economize 
energy by set&ig a limit to recuperative 
processes. She prrfcrs what is apparently the 
easier method of scrapping used individuaU 
in favour of fresh ones, for whose appearance 
she has made the most generous and elabor- 
ate provision. She is very much like the 
automobile trade which prefers to sell new cars 
rather than keep on patching up the old, as 
they wear more and more out of easy working. 
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§ 2 

Reproduction and Fertilization 


Among the millions of co-operating cells 
that build up a body a certain proportion is 
charged with the task of initiating new lives. 
They play no direct part in the chemicai 
and energy changes of the community 
to which they belong. They are nourished 
cleansed and warmed by the labours of the 
other tissues, but they give nothing in return, 
for they are the servants, not of the individual’ 
but of the race. 

The essential reproductive elements are 
minute ; they are the “ marrying cells ” 
or gametes. They have the power of prolif. 
erating and differentiating in suitable cir- 
cumstances and so giving rise to the tissues 
of a new body. There are two kinds of 
gametes — ova, or eggs, and spermatozoa, or 
sperms, and a new life can only be created 
by the union of one gamete of each kind, 
an ovum with a spermatozoon. 

. In this fact lies the reason for sexud 
differentiation. The human species is made 
up of two kinds of individuals, male and 
female, each having only one kind of gamete, 
The female possesses ova, thc^mall globular 
cells that are capable of growing and ; 
developing into new bodies ; but before an 
ovum can do this it must be fertilized —that 1 
is to say, it must unite with a spermatozoon, i 
The male possesses spermatozoa, and his part 
in the reproductive process is the providing 
of the spermatozoa that fertilize the ova. 

The fertilized ovum of all the mammalia^ 
grows and develops inside the female and 
therefore her body contains, in addition to 
an ovum-factory, a special chamber where 



Fig. 59. An ovum and a sperm drawn to tf^ 
same scale {magnified diamden}- 


the embryo is tended and nputishcd. 
is no such special chambcf in the bu d, w . 
lays its fertilized eggs. is it j 
reptiles, fohes, and the nitaijority j 
inimals. ^ 


Wi:ARING OUT OF MACHINE AND ITS REPRODUCTION 


Tlv lowliest and simplest animals do not 
5how this division into two sexes. When we 
^re studying them in a later chapter we shall 
find quite different methods of reproduction, 
gut ii I the mammals the creation of a new life 
nccess.iiily involves the encounter of male 
.yid female bodies, and the consequent 
uniun of male and female gametes. 

The male gametes, or spermatozoa^ are 
curiously constructed. They are very unlike 
most of the cells we have hitherto considered. 
Each spermatozoon consists of a .rounded 
head- this is the part that fertilizes the ovum 
-and a long, lashing tail, by means of which 
it can propel itself in quest of the waiting 
female gamete. The whole thing is about 
one five-hundredth part of an inch 
long. 

Ihe male organs are of three 
kinds. There is a pair of roundish 
bodies, the testes, where these 
spermatozoa are manufactured, a 
s(“iies of passages along which the 
spermatozoa pass to be injected into 
the female system, and in which 
iliey wait until they are wanted, 
and a series of accessory glands 
whose secretions mix with the sperm 
as it is discharged. 

A testis consists, in the main, of a 
close mass of coiling tubes, lined by 
ceaselessly proliferating cells. Some 
of these cells are converted into 
spermatozoa, the nucleus becoming 
the sperm-head, part of the cyto- 
plasm becoming the spermnail, and 
the rest of the cell dropping off and 
disintegrating. Others simply mul- 
tiply, giving rise to new sperm- 
forming cells. In between the 
coiling tubes there are cells of 
anotlier kind, which have nothing 
to do with sperm-formation, but 


to facilitate insertion into the recipient 
female passage. 

A number of accessory glands open into 
the urethra-— the prostate, the so-called semM 
vesicles, and Cowper's glands. These glands 
manufacture fluids, which arc discharged 
at the same time as the spermatozoa. 
The fluids serve to nourish the spermatozoa, 
and they seem to spur them to activity, 
for the spermatozoa lie passive in the epididy- 
mis, and do not begin to lash ancf swim 
until they are mixed with the secretions of the 
accessory glands. 

Nature is curiously lavish with spermatozoa. 
At each human sexual act as many as two 
hundred million spermatozoa may be put 



Fig. 6o. Diagram of the Male Organs of Reproduction 
in a higher mammal as seen from the left side. 


have quite another function in the body. 

rom the testis the spermatozoa enter a 
ne, tortuous tube, the epididymis, which, 
‘itiiough between twenty and thirty feet 
HR ill the human case, is curled up into a 
in dss smaller than the testis itself. In this 
rmnir 1^^ spermatozoa arc stored until 

:i>y muiw 


movements of its wall. From 
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forth, of which only one (in rare cases two 
or three) may achieve its object and fertilize 
an ovum. 

The female gamete or egg (ovm) is very 
much larger than the made. The human 
cannot compare in size with that of a 
bird, but it is nevertheless just visible to the 
nak^ eye. It is a spherical cell, about a one 
hundred and twenty-fifth part of an inch 
in diameter, and surrounded by a transparent 
pellicle ; besides the indispensable nucleus, 
Its protoplasm includes a number of granules 
of yolk, the fuel that is needed to provide 
the energy for the earliest stages of aevelop- 
ment. The female organs (Fig. 61} 
include the ovaries, where me ova arc made, 
female equivalents to the testes^ and a icries 
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of passages and compartments : the uterus^ 
or womb, where tHe growing embryo is housed 
and nourished, the two upper oviducts^ leading 
ova firom the ovaries to the womb, and the 
passage which receives the male gametes. 
As in the male, these compartments arc 
provided with various accessory glands, 


Thm the female gametes mre treated with 
very much more respect than the haale. 
The ^>crmatozoa proiitcratc almost untoded 
in the testis, but the developing dv# are 
elaborately cared for by the cells of their 
follicles. Further, ova are not ^•^uced 
by the million ; once every month ati ovum 


The ovary is not tubular in strucUirc as a ripens 'in one or other of the two ovaries, 


testis is ; the main part of its substance 
consists of a network of connective tissue 
bearing in its meshes the interstitial cells^ to 
whose function we shall return. Dotted 
about in this mass are the ova in various 
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Fig. 6i. Above, Front View of the Female Reproductive 
Organs {the top of the bladder is removed to display the parts 
more clearly). Below, the same in section, to show their 
cavities. 

stages of development. The ova lie in 
spherical vesicles called, after their seven- 
teenth century discoverer, the Graafian 
follicles. The follicles of the youngest and 
smallest ova consist of a simple layer of 
cubical cells surrounding the ovum, and 
nursing and nourishing it, but as the ovum 
grows the follicle becomes more and more 
complicated. The largest ova, which are 
approaching maturity, are surrounded by 
two layers of follicular tissue each several 
cells thick, and separated from each other 
by a space containing a nutri^t fluid. 
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and is discharged at the surface of the ovdry 
by the bursting of its follicle. 

The oviducts arc narrow tubes opening at 
one end into the uterus, and having at the 
other a broad, funnel-like expansion, which 
wraps round and partly encloses the 
ovary. Into this hinnd the Ova drop 
as they arc discharg^, and they are 
passecl down the oviduct, partly by 
the action of cilia (chapter 3, § 5) 
and partly by muscular movements 
of the duct itself. It is curious to 
note an imperfection in the design 
of the reproductive system of most 
mammals ; the funnel-shaped end 
of the oviduct does not completely 
enclose the ovary, and there is, 
therefore, a slight risk of the dis- 
charged ovum failing to find its 
way into the oviduct and escaping 
into the general abdominal cavity. 
OccasionSly (but fortunately very 
rarely) the ovum docs this, and 
still more occasionally it is fertilized 
in the abdominal cavity by sperma- 
tozoa that have penetrated beyond 
the ends of the oviducts ; the result- 
ing cmblyo implants itself some- 
where among the viscera, and much 
danger and distress arise. Some 
mammals, such as the dog and 
ferret, arc better mad^ than we are 
in this respect, fot they are provided 
with a mcmbranrni* Covering that 
encloses the ovary aod k continuous 
with the ends <£ ^ o^ducts, sp 
that with thcn» there no risk of 
such extra-ut®^ , 

The uterus U a 

lying between the bladder atlti the rectum 
and having very thick waBlf It .ttabout three 
inches long in its waiting itatc Sh the human 
subject, but its size varid function 

condition. It ha. three 
arc the very small ^ 
ducts, and bdow is tha 
outward passage. Wc ‘ 
the uterus encloseK afld 
embryo. The uMus 
highest manmdhf) 
is subjected to ^ 
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tissut that line# itis btoken ujp 
jnd ii csh tissiic is grown instead ; thus 
is alw iys fresh, yonng tissue in the uterus, 
ready for the reception of the embryo, 
yiiis overhaul xlocs not coincide with the 
liber.iiion of the ovum, which takes place 
about ten days or a fortnight after it has 
begun. 

I ho ovum may encounter a spermatozoon 
at any time after it has started on its journey. 
Spermatozoa may or may not have entered 
tlie body to meet it. These minute invaders, 
where they arc present, propel themselves 
by screw-like lashings of their tails, 
and K ceive some assistance in the 
earliest stages of their journey 
Ik ) iii muscular contractions of the 
uterus itself. For an object as 
minute as a spermatozoon this 
journey of several inches is a 
tremendous undertaking. Only a 
small proportion of the two. hundred 
million launched by the male reach 
the upper end of the oviduct. The 
majority perish on the way. But 
when the survivors reach that 
destination, their troubles arc over ; 
they rest in the oviduct and retain 
then capacity for fertilization for 
at least a week. 

It is })robabIe that the ovum 
ran live for three or four days in 
the oviduct after its escape from 
;tlie ovary. If during this time it 
aneets an active sperrnatozoon, it is 
fertilized and can fulfil its" desdny. 

[If not, it dies and disintegrates in 
|lhe uterus and is presently washed 
away. \Vc will assume that the 
former alternative occurs, and we will 
trace the gradual development of the 
triinutc ovum into a young mammal. 

fhc actual fertilization of the ovum is 
iceoinplished by one only of the myriads of 
e arching spermatozoa. The successful com- 
petitor jiresses its head against the side of 
iic relatively colossal ovum, and as a result 
P that simple contact the latter is activated ; 

ceases to be sterile, and begins forthwith 
tienr ^ changes diat consatute dcvclop- 

Afier the spermatozoon has activated the 
in it does something fturdier. Its head 
'U ows actually into &e subst^ of thi 
, h aving the tail outside to wdlggk for 
^ gets 

having the c 


compound deriyed partly from the 

ori^nal ovum and partly finpi the sperm, 
bqjms to grow and cUvidc. ft is important 
to realize mat this fusion of nuclei has nothing 
to do with the activation oi the ovum ; it 
is the mechanism by which characters 
inherited ftom the male parent are trans- 
mitted to the of&pring. Activation, the 
change that enables the ovum to develop, 
occurs at the moment when the sperm 
touches the ovum. It is a sort of microscopic 
laying on of hands that awakens the slumber- 
ing possibilities of rcpiSduction. 






Fig. 62. Segmentation— the first steps in the development 
of a human egg {magnified about 150 diameters). 

§3 

The Growth and Development of 
the Embryo 

During its passage down the oviduct into 
the uterus— -a passage that takes about a 
wc^— the fertilized ovum develop rapidly. 
It is, to bqgin with, a giant as edb go, and 
the first thi^ it does is to split itsdf up into 
a large number of cells df reasonable size. 
This process is called segmerdation. It occurs 
by a series of divisions df cdls into two ; the 
orimnal ovum divides into halves^ i^en edtih 
han divides again, jgiving fomr ,qtimtd[% 
then each quarter dmdes ag^^i^ 
ei|^ths and so on. 

By the time it reaches the uterus (III 
has turned itsdf into a mass oontohu^ 
hundreds of cdb. B^t kl^ 
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dividing, the ^ cells have begun to arrange 
themseWes in a definite pattern. They bmid 
themselves into a hollow ball, with a 
thickened knob projecting into its cavity 
at one point. At this stage the developing 
germ cats its way into the wall of the uterus, 
actually destroying some of the maternal 
cells, and becomes completely embedded. 
It lies in a little burrow, surrounded on all 
sides by uterine tissue and bathed by the 
blood of the mother. As a result of its 
implantation the germ has become a parasite 
upon its mother and iS in a position to absorb 
nourishment. In the oviduct it had no 
external food-supply and was living on its 
own store of yolk, so that it was unable to 



increase in weight ; but now it is bathed 
by blood charged with food substances, 
so it can absorb what it wants and build 
up new embryonic tissue. Hitherto it has 
been simply developing ; now it develops 
and grows at the same time. 

For a few days the tiny vesicle ^ffer- 
entiates and elaborates itself, but without 
showing any trace of the organs of the future 
baby. The first well-defined structures to 
appear are not parts of the baby at all ; 
they are the apparatus of membrames and 
ducts that is to wrap round the embryo 
and protect and feed it. Towards the end 
of the second week of human development 
the germ is little more than a millimetre 
in diameter, and consists of three hollow 

94 


vesicles, two lying inside the third ; moreover 
the cells forming the walls of these spheres 
have become arranged into sheets or layers. 
During the third week the whole apparatus 
grows rapidly, and at this time the first 
visible organs of the embryonic body appear. 
On the wall that separates the two inner 
vesicles there is a thickened disc, about a 
millimetre and a half across ; traversing 
this disc there is a faint furrow, the primitivt 
streak ; and just in front of this furrow two 
thickened^ ridges are beginning to form, 
ridges that will close together and give rise 
to the brain. 

The tiny disc grows and differentiates 
very rapidly. By the end of the fifth week 
of development all the important organ- 
systems are already laid down. The em- 
bryo is now about one-fifth of an inch in 
length and possesses a beating heart, a definite 
nervous system, little sprouting buds that 
will become limbs, relatively large eyes, 
a rudimentary kidney, a growing digestive 
tube, and even a well-defined mass of cells 
that will eventually give rise to gametes, 
and replace the embryo by new individuals 
when it has developed and lived and is in 
its turn worn out. The essential systems 
are already present. But in its anatomy, 
in the way these parts ar# fitted together, 
the embryo presents at this stage some curious 
features that are destined to disappear as 
growth proceeds. We will take careful note 
of these points, for they are of the first 
importance in the understanding of Com- 
parative Anatomy and of Evolution. 

One of the most obvious parts of ^e humar 
embryo of about the fourth week is a prom- 
inent tail. This tail is clearly shown ir 
Fig. 63. It curls forwards and upwards 
and has a muscular development whidi 
rivals in massiveness that of the trunk 
That is an important point. The tail of ar 
early human embryo is not like the slendei 
termination of an adult monkey, or 
it is more like the broad powerful tail ot . 
fish. In the normal course of dwclopinen 
the growth of this tail is relatively s 0 
and the rest of the body grows over it an 
encloses it, so that by birth the vertebr 
column ends in a little forwardly cti I 
hook, the coc(yx, which is completely cm 
bedded in the lower end of the l^nk. 
sometimes development is Jeni 

Not uncommonly the ® ,igij 

dissecting a human body, Ifinds v - ? 
and p^ctiy useless muscles j 

coccyx. And very occasoffi^ » ^nneiii 
bom into the world with a ®PP , 

age which is little better P*'^ 
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of string, but which nevertheless contains 
the tapering end of the vertebral column. 

On looking at the throat of an early 
embryo we find another curious point. At 
the sides of the throat there arc four pairs of 
clefts- elcfts which quite Obviously corres- 
pond to the gill-slits of fishes (Fig. 63). 
This cor respondence may be traced, not only 
in tlie position of the clefts but also in their 
skeletal supports — the gill-arches — and in the 
alood-vessek of that region. As develop- 
ment proceeds this early arrang y ent is 
modified beyond recognition. TOc gill- 
irchcs arc converted into the ear-ossicles, 
nto the hyoid bone (a bone lying in the 
hroat, to which the muscles of the tongue 
irc inserted), and into the cartilages of the 
larynx ; the arteries are reduced in number, 
nly a few of them persisting as part of the 
cal vessels in the thorax ; the clefts are 
led up and disappear, except for the first, 
hich gives rise to the Eustachian tube and 
iddlc car. Nevertheless the fact is unmis- 
kable ; instead of developing a human 
roat simply and directly, each of us during 
II embryonic life lays down a gill-apparatus 
:c that of a fish, and then modifies it and 
,ists it about until it becomes a human 
roat. It should be remembered that as 
r as the cmbmfo is concerned the gill- 
ipaiaius is never used for breathing, and 
deed never develops the actual respiratory 
aments that are found in the gills of fish. 
Turther, on dissecting such an embryo, 

• should find other conditions that resemble 
osc seen in the lower vertebrates. In the 
langernent of its principal veins the embryo 
distinctly fish-like. It has a simple heart 
ill only one auricle and one ventricle like 
r heart of a fish, and in the fact that the 
inary, genital, and rectal passages all 
en into a common pouch, the cloaca, which 
its turn opens to the exterior, it differs 
>»i adult mammals. These points, again, 

^ altered and corrected as development 
weeds. Finally, the early embryo has a 
ml structure running down the back — 

^ notuchoid—^^hich is destined to disappear 
a he u-placed by vertebrae. We shall 
t with the interpretation of these facts 
w u re ; for the present it is enough to 
nis lish-likc stage in our development, 
ihe second month of development 
d ?( ! ' ? differentiates mrthcr 

taightens out this fishiness through 

rioH . By the end of this 

recognizably human, 
haf ,1 embryo is about an mch long ; 
lisref'^J got fingers and toes, and its 
f ^i<-ed to a hardly noticeable pimple. 


There is still a Ipng way to go-7-thc cerebral 
hemispheres, for example, arc very poorly 
developed, and the face is grotesque and 
almost horrible — ^but the general form is 
laid down. The embryo is beginning to 
look like a baby mammal. 

In the first two mondis, then, all the 
most drastic developmental changes have 
occurred. The tissues have been differ- 
entiated and the general form has been 
assumed. In the remaining seven months 
the embryo undergoes vanous minor ad- 
justments ; its limbs, for example, grow 
relatively rapidly and acquire more reason- 
able proportions, and its face becomes 
human. But the most important process 
that occurs in this long period b simple 
growth — the expansion of an embryo barely 
an inch long into a new-born child. 



Fig. 64. Human embryo, about four weeks old 
{six times larger than life ) . 

It b curious to compare the late human 
embryo with that of an ape — a chimpanzee, 
say, or a gorilla. In either case the seven 
months* embryo has the soles of its feet 
turned towards each other like the palms of 
its hands. In the ape thb primitive con- 
dition b retained ; indeed, the foot develops 
very like a hand, and b used for grasping 
things. In ourselves the foot becomes 
modified to support our weight in the erect 
position ; the legs are straightened ; the 
sole b planted fiat on the ground, and the 
bones become stronger and less mobile. 
The foot becofiles an efficient support at 
the cost of freedom of movement. Oii the 
other hand there b another respect in winch 
we, and not the apes, retain an embryonic 
character. The seven months' embryo of 
an ape or a man has thick hair only on the 
scalp, eyebrows, and Ups ; the rest of the 
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body is nude, except for scattered fine hairs, 
or lanugo. In both, the embryonic lanugo 
is succeeded by a general outgrowth of 
fully developed hair, but in this out- 
growth is much slighter than in an ape. 
Man’s naked skin is Ic^ developed than t^ 
skin of an ape ; it is a case of arrested 

development. j ^ 

Before we continue the story, and trace 
the developmental changes that occur ^er 
birth, we must take note of th%way m which 
the embryo is housed and nourished. 

We have already noted that the developing 
germ embeds itself in the wall of the uterus 
as soon as it reaches that chamber. At 
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•Yolk Sac 



capillary blood-vcsscfa. Now at fjwi bournj 
ary between the chorion, which is 
of embryonic tissue, and the wafl of ti^ 
uterus, which is maternal tissue, the embry, 
onic and maternal bloods come into 
close contact, without actually mhim 
They are separated only by very tiy 
membranes of tissue. In this mgion, tlj 
placenta, there is a continual interchange 
between the embryonic and tnaternr'^ 
bloods ; the embryo receives food a 
'pm the maternal stream, and gi 


up its Wstt products to it. 

It will be seen that the embryo is nourished 
by a circulatory system of its own, and thj 
the placenta acts as lun^intestinny 
and kidney combined. This is wh| 
the heart is the first of our orgaiS 
to develop and begin working. FrJ 
first to last, from the first moni 
to the eightieth or ninetieth yeaffl 
the incessant heart keeps the bod| 
going. j 


Embryo 


Chorion 


Fig, 65. The embryo in the uterus 

The blood-vessels of the embryo are shown black ; those of the mother fy 
close shading. 

that stage it consists of a hollow vesicle, 
the chorion, which contains a little knob 
where the embryo and certain enveloping 
membranes will develop. As the embryo 
grows this chorionic vesicle grows too, so 
that at a later stage (Fig. 65) it bulges 
out into the cavity of the "uterus, being 
epated with a thin layer of uterine t^uc. 

The embryo grows and develops, remaining 
attached to the wall of tte chorion by a 
stalk, the umbilical cord, wmch sprouts out 
its belly. Furthermore, the embryo 
develops a circulatory system very early, and 
in addition to the heart and vessels in its 
own body it has arteries and veins running 
along the umbilical cord to the chorion, 
where there is an extensive network of 
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§4 I 

Rhythm and Birth \ 

At this point it will be best t< 
digress for from oia 

account of an life-histor] 

and to note sopWing of the way 
in which the xqjroductive process® 
arc controlled and r^julated. 

We have seen that the conditioj 
of the sexual organs is constandj 
changing, particularly in the frmalj 
There b a normal rhythm of grow® 
and destruction in the uten^ 
accompanied by changes m ^ 
ovary ; moreover the rhythm artc^ 
other parts as well, for at tlj 
periodic clcan-Ottt the pulse ra^ 
quickens and the temperature « 
the whole body may rise a fraction oM 


During pregnancy there are prj 


degree 

founder alterations, 

rcstmg uterus is suojecter 
that organ Stiffen ptito 
has two layers, an ' 
linii^ mucous <mc 
and numerous 
layer that the 
this haimcatti the 
its blood-vcssdb i 
it becomes like p 
blood ; from^ 
absorbs the 
bryogrpw«% 



war one 
simple 

. is in this It;] 

l itself. Whj 
thickens 2 

-- tsly, so 2 
tilritli 
” the emt^ 
Asthc<] 
X an<i tt” 


w 


ARING out 0 ? machine ANO Its REPROOUCTiON 


jisttiK^ed. By the cttd of pregnancy its 
weight, exclusive ef the embryo and die 
;nibi ^ membrane, is about three him* 

jied limes as great as normal. This swell- 
jig uj) causes certain iterations in Ae dis- 
)ositi<)ii of Ac abdominal oigans and may 
esult ill disturbances of digestion or Ae 
inulciiion. Besides Ac changes in Ac 
items, and the disturbances mdirccUy 
irodiu i d, pregnancy mvolvcs sjpecial modi- 
icatioii in oAcr organs; Acre is, for 
xamj^b , the preparation for suddlpg. 

Noik of these adjustments arc due to Ae 
iction of the nervous system. The nervous 
ysteii) is primarily concerned with rapid 
espouses to one’s suirounAngs, and its 
>art in reproduction is practically confined 
0 the very elementary scries of reflexes Aat 
iring the sexes together, and to certain oAcr 
eflexes that occur during childbirA, The 
lower ])rocesses to Which we have just 
kerred arc produced in anoAcr way ; they 
f regulated by internal secretion. 

Wc liavc already shown how Ae activity 
our organs can be modified as a result 
alleiation in chemical composition of Ae 
)od liiat bathes them, and we saw Aat 
ue are special bodies,- such as Ac adrenal 
uid, which shed substances into the blood- 
cam for the eipress pui;pose of affecting 
d (ontrolling other tissues. In the regu- 
inn of the sexual functions similar pro- 
ses jilay the leading part. Our knowlcdg^c 
this regulation is developing rapidly at 
: time of writing, and like all rapidly 
• eloping subject, it is still a little chaotic, 
ere arc brilliant lights and alluring 
icuriiics. It is clear Aat Ac monAly 
thm is due to internal secretions pro- 
ed in the ovary, whicb control the con- 
on ot the uterus, the breast, and so on ; 
reover, it is at least possible that Ac 
hm originates primarily not in Ac 
ry at all, but in an anatomically unrelated 
ic ure yjiig ^ the base of the brain, the ’ 
y gland. This gland apparently pro- 
11,, secretion that varies in 

w It with a monthly rhythm, and this 
e on sc, -ms to affect the ovaries, modify- 

uterus and breast. 
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complex Aing, depending on minute but 
changes m the composition trf the 
bl^. Isct us turn to Ac suspenskm of 
this rhyAm that follows fertiUzation, for 
in Ac lAenomcna of pregnancy Ae part 
played by internal secretion can *be traced 
more clearly. Every tunc an ovum is shed 
from Ae ovary a special and temporary 
ductless gland is developed m that organ 
to sec Ac ovum Arough. 

Wc noted Aat m Ac ovafy Ac ovum is 
tended and nourished by an embracing 
capsule of cells, Ac follicle. When Ac ovum 
escapes Ac follicle cells are relieved of Ais 
duty, but Acy do not lose their devotion 
to Aeir charge ; they multiply and alter 
somewhat in shape, forming a mW Aat 
fills Ac follicle and is called from its colour 
Ae “ yellow body ” {corpus luteum) ; and 
prepare to serve An ovum m anoAer way. 
If the ovum is not fertilized Ae mass soon 
breab down and disappears, but if fertiliza- 
tion occurs it remains and acts as an organ 
of internal secretion. It manufactures and 
sheds into Ae blood substances that arc 
carried alljround the body by the circulation 
and work various changes. The substances 
stimulate the inner layer of Ae uterus and 
prepare it for the reception and nourishment 
of Ac embryo ; they stimulate Ae secretion 
of milk ; Acy soften the junction between 
the two halves of the hip girdle so that birA 
may be easy. 

The coraus luteum is not the only organ 
that manifests special activity during preg- 
nancy. It is probable Aat internal secretions 
are produced from other parts of Ae ovary— 
perhaps even from Ac placenta— which 
assist Aat of the corpus luteum m makin g 
Ac ncccaary modifications in Ac female 
organism. But Ac secretion of Ac corpus 
luteum is Ac most important. 

One of Ac most interesting p^nts about 
Ae internal secretions produced during 
preraancy is Aat, like Ac hormones con- 
trolling sex-characters, Acy can Arectly 
influence Ac working of Ac brain. Shortly 
before birA occurs, a bitch prepares a special 
bed for her whelps and a doe rabbit plu(^ 
fur from her own breast to provide a soft, 
warm nest for her young. It has been 
proved Aat these unusual acts a^c directly 
dependent upon^thet^iresenGe in Ac bloo^ 
of special internal secretions produced 
Ae ovaries. This is one nf Al ckai^l 
examples of the determining liAucnce Aat 
Ae chonical composition of bki^ may 
have on mental proc^wea 
Ac as the govemmant of A« lody, 
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mcnt is by no means despotic. Just as human 
governments may be swayed and controlled 
by small, active sections of the population, 
so here the brain is controlled by one of the 
abdominal organs. Further, it should be 
remembered that this influence is by no 
means restricted to pregnant indiviauab. 
The non-pre^ant female experiences cycli- 
cal changes in her mental life, changes in 
her emotions, her desires, her intellectual 
liveliness, that synchronize with the rhythm 
in her reproductive organs. Moreover, it 
would seem that in animals with a periodic 
rut the males also have a rhythm that is 
caused by internal secretions. Even in 
some men there is said to be a monthly tide 
of sexual feeling. It is clear enough that 
the colour and efficiency — the tone, so to 
speak — of our minds may depend to a 
very considerable degree on the chemical 
substances poured into the blood by our 
organs of internal section, including our 
reproductive organs, and thus indirecUy on 
the condition of those organs themselves. 

The corpus luteum acts as a chemical 
fairy godmother for the unborn child, 
taking all sorts of steps which ensure its 
being properly cared for both before and 
after birth. In particular we may note that 
the uterus is not a naturally hospitable 
organ ; its monthly habit is to clear itself 
out ; it receives and nourishes the embryo 
because the corpus luteum instructs it to, 
by means of its chemical messengers. As 
pregnancy advances the uterus begins to 
move and contract restlessly. Its muscular 
layer is affected by internal secretions from 
two sources. The substances made by the 
corpus luteum dispose it to keep quiet and 
nurse the embryo ; but there is an antagon- 
istic substance, made by the monthly periodic 
activity of the pituitary gland, which 
stimulates the musdes of the uterus and urges 
it to contract. For nine months the sub- 
stances of the former kind prevail, but at 
the end of this time the corpus luteum begins 
to degenerate and ultimately it ceases to 
turn its products into the blood. The uterus, 
relieved of this controlling influence, revolts 
at once, and contracts more and more 
forcibly, until its now unwelcome guest, 
the baby, is ejected. Firat the baby departs, 
and then the placen^ and the investing 
membrancs—the qfter*birtk—3xe, thrown out. 
In this process the uterus is not unassisted, 
for the diaphragm and the muscles of the 
abdominal wall participate heartily. It is 
as if the whole abdomen had been chafing 
at its burden, and as soon as the fairy 
godmother dies, rises to expel her prot^g^, 
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In this fashion the baby finds itself flung 
into a new and larger world. As soon as 
this happens the muscles that move the tiny 
ribs begin to work, air rushes for the first 
time into the lungs, and the vocal cords 
are stirred, giving out the awkward, tentative 
cry with which the newcomer heralds his 
own appearance. 

§5 

Childhood^ Adolescence^ and 
Maturity 

At birth the whole economy of the child j 
is suddenly changed. It has now to breathe 
air and collect its own oxygen, and it has to 
digest its own food. The lunK and bowels 
begin to work. As a matter of fact, the strain 
on the digestive organs is not very severe, 
for the baby receives in its mother’s milk a 
diet that requires hardly any chemical 
adjustment. Moreover, since it is no longer 
housed in a warm incubator, it has to regulate i 
its own body-temperature. 

Nevertheless, as far as development is 
concerned, birth is an incidental event that 
hardly affects a slow, continuous process, 
During the first few weeks of uterine life 
all the organs of the embryo are laid down 
in a more or l^s rudimentary way, and 
thereafter development consists in the 
elaboration and perfection of those rudi- 
ments. This is a process that goes on for 
some twenty-five years. Birth is an event 
for which the organs of the mother, not* 
the baby, are responsible, and it does not 
correspond to any definite developmental 
change in the organism of the latter, h 
soon as the baby has adjusted itself to its 
new sunroundinQ the processes of growth 
and differentiation go on in very mucli 
the same way as they did before. 

One of the most striking changes that 
occurs during the first years of childhood s 
the mushroom-like expansion of the br^ 
By the end of the second year the child* 
brain has attained more than half the adult 
size ; by the end of the fourth year 01^ 
eighty per cent, of its final bulk is alreadj 
present. The adult cranium is a stro^ 
bony box that protects the brain, but « 
the same time prevents any further expanse 
of its precious contents j the brain ^ 
therefore to attain its full mt early m 
while the skuU-boncs ar^^sliU only 
formed and before tiiey ^ 
together. At the sme 
cmld needs a large braiHt ^ it fc 
an enormous amount dufi^ die ^ 
years of life* 
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^5 tlie brain expands there is a similar 
of the legs, accompanied by changes 
:ui iHig elsewhere in the body, and associ- 
>(1 v\ith the assumption of the upright 
stuK . The most important of these 
is the development of the nerve- 
Lfts leading from the brain to the limb- 
iscles, and enabling the latter to be accur- 
^ly controlled by the former. At the same 
nc tlic legs grow longer and stronger, and 
r lumbar region of the vertebral column — 
p loitis— elongates and consolidates to 
pport the weight of the upper parts. 
Learning to walk ” is not a process of 
al learning at all ; it follows gradually 
It automatically with the perfecting of 
ese Structures as a reflex follows auto- 
atically upon the construction of the sense- 
gam nerve-connections, and muscles laid 
nvn before birth. 

During the first two years or so there is 
[lother important process— the eruption 
r appearance of the milk teeth, the first 
1 the two sets with which we are provided, 
he second set begins to replace the first 
t about the fifth year, and it is not complete 
ntil the wisdom teeth have erupted in 
bout the twenty-second year. 

These arc only the piost obvious changes 
lat occur during childhood. Throughout 
he body, in every shred of tissue, development 
i going on. Moreover, this development 
ontinues until the parts actually wear out, 
3r ilierc is no wholly stationary period in the 
luiiian life-cycle ; the body is always either 
leveloping or decaying. 

It is not possible to name a definite prime, 
>r climax, as it were, to human life, because 
fur different tissues perfect themselves and 
^ear out at different rates. The elastic 
ind muscular coats of our arteries are at 
bcir best at about twenty-five ; this is 
dieri the professional athlete, who has to 
[lake sudden physical spurts, reaches his 
iighest point. The brain has a longer life ; 

« attains its most accurate control of the 
muscles between thirty and forty, and as 
n organ of thought it is probably at its 
cst between forty and fifty. In this there 
^ a striking disharmony, for the circulatory 
i^sicm may stiffen and fail before the mentd 
owers begin to fall off. The professional 
micte has to retire and be forgotten long 
dore Ills death, but the professions 
linker generally has the privilege of dying 
1 harness. 

Perhaps the earliest sign of decay in the 
man body is the appearance of lines on 
" - proof that the skin is already losing 


Decay, then, is soon upon us ; and this 
brings us again to the need for the revolution 
that happens in the early teens, the acquisi- 
tion of the ability to reproduce, and the 
beginning of the insistent clamour that our 
reproductive organs set up so that we may 
be replaced. 

In describing the ovary and testis we noted 
that in both glands, besides the tissue directly 
concerned with the manufacture of gametes, 
there is tissue of another kind ; there arc 
the interstitial cells. These interstitial cells, 
like the corpus lutcum, are organs of internal 
secretion. They begin to work very early, 
long before any germ-cells are developed, 
and their secretions, carried round the body 
by the blood, determine most of the differ- 
ences that distinguish man from woman. 

The reproductive organs of the male and 
the female arc built upon a common type. 
To take an obvious example, the male has 
rudimentary nipples although he will never 
suckle hb young. It b possible to go through 
the whole system, part by part, and show 
how male and female correspond. Now the 
very early embryo has a generalized repro- 
ductive system, one that b neither discemibly 
male nor female, but containing rudiments 
capable of developing into cither the male 
or female form. The first sign of definite 
sexuality manifests itself in the testis or 
ovary, as the case may be, and it b the 
appearance of working interstitial tissue that 
sheds either male or female internal secre- 
tions into the blood. These substances 
affect the body and, by enlarging some of the 
parts and inhibiting the growth of others, 
make them develop into the characteristic 
type of one sex or the other. The female 
pdvb is broader than the male, so that it may 
support the pregnant uterus and allow the 
head of the baby to pass out. As early as 
the fifth month of embryonic development 
it b possible to make out a dbtinction in 
shape between the male and female pclvb, 
and thb b also due to internal secretions from 
the interstitial celb. 

After these early changes there b a long 
period of comparative rest throughout child- 
hood. Sexual differentiation, although it b 
continuing, does not proceed as violently 
as it did before. But at puberty— at about 
fifteen years in the male and fourteen years 
in the female in temperate climates, and 
about two years earlier nearer the rauator 
—the gametes begin to ripen; and wim thb 
acquisition of the r^roductive faculty there 
b a violent burst pf activity on the part oT 
the interstitial cells. At tim time the finaf 
dbdnctions between the sexes begin to be 
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laid down. In the female, the 
broadens further, a layer of fat is depon^ 
all over the body that gives it a round«^ 
srracc^ contour, and the distinctive feminin 
is accentuated. In the male, 
b a growth of hair on the face and the 
larynx enlarges, causing the breaking 
and deepening of the voice— proc^cs which 
arc not completed until about the twenty^ 

fifth year. In both sexes there arc correlated 

psychical changes : the sexu^ msUncte 
attain full power and the mind deepens ana 
changes its emotional tone. 

Somewhere in the early twcntiw mese 
adjustments are completed and the lx)dy is 
fully mature. For a number of years 
reproductive capacity is at a maximum, 
and then it begins to decline. At about 
forty-five years, in the female, the montmy 
crisis ceases suddenly ; in the n^alc me 
ability to produce spermatozoa dinumshes 
slowly. By this time the cycle is completed ; 
the individual is wearing out, and new bodies 
have been made to replace it. 

The difference between the internal secre- 
tions from the testes or ovaries determmes tht 
other differences of the sexes. In this 
respect sexual development is not uniqi^, 
for the growth and differentiation of the 
majority of our parts are regulated, m the 
later stages at least, by internal secretioiw 
from such ductless glands as the thyroid 

and pituitary. . . • - 

The study of internal secretion w one oi 
the youngest and, at the present time, one 
of the most fruitful branches of physiological 
research. We may well close our account 
of the body by noting some of the inost 
important results of this work, takii^ first 
the two glands that play the greatest part 
in relating growth. , 

The thyroid gland lies in the neck. It a 
roughly U-shaped body, brownish-red in 
colour, with two thickened lobes lyug one 
on each side of the larynx and a bndge 
connecting the lower ends of the two lobw 
and crossing in fhont of the windpipe. It 
contains a numbor of minute, 
closed vesicles that are full of a yellow fluid. 
The essential facts about the thyroid have 
been known for a longer time than about any 
other ductless gland, owing to the foi^natc 
accident that its secretiems pass unchang<^ 
through the digestive system into the bloo^ 
so that patients can be treated by simply 
feeding them with dried gland substance. 
And our knowledge of the thyroid has recently 
4akcn an important step forward, because 
it is one of the two ductless |^nds whose 
active principles have been hwiiatcd and 
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analysed, and even succesrfuUy syi^i^ed ia 
die laboratory from simpler - 

other is the central part of 
gland, of which we spoke in § a taiapta' 
Q. The products in question arts cmled 
timoxin and adrenin respectivclv, The 
majority of the internal secretions have not 
yet been isolated, their presence being 
inferred from the effects they 
The secretions of the thyre^ atSset pro- 
foundly a great number of different physio- 
logical processes. One milligram of thyroxin 
injected into a normal man will cause his 
chemical activity, as mcMU^ by oxygen 
consumption and carbon dioxide production, 
to go up by two per cent., although the 
amount injected is only* about one seventy- 
millionth part of the man’s weight. Heavy 
doses of thyroid speed up the vital engina 
to such an extent that unless enormous 
quantities of food arc provided there is a 
breakdown of the substance of the tissue 
themselves in an effort to get more fuel to 
bum, and the animal or man wastes away, 
The substance can also affect temperament ; j 
heavy doses of thyroxin m^e a perfectly i 
normal man nervous and irritable. ; 

It is clear that a gland like the thyrwd, 
may have very marked effects upon all the , 
bodily processes, including CTOWth, it ijs 
secretion is for long periods of time a little, 
above or a little Wow normal. A . disease , 
known as myxoedma is due to deficiency o 

the secretion in the adult. It is character- 
ized by a sluggishness of the vanous chcmcal , 
and phyrical reactions that go on m the mi , ; 
the pulse is slowed, the tempera^ is low,; 
the appetite is blunted, spe^ 
drawl, the mind becomes viscous ; 

same time there is a thickening of the 
ncctive tissues under the sIm, producing ■ 
puffiness and yellowness of tips 
hands and faffing of the hair and a consider, 
able accumulation of ffit. . ; 

In children with defective *yroids s md 
phenomena appear, but growth 
of the brain and skeleton, al»o * 

child so affected may Uve 
but even when thirty years old it 
distorted childish ? „r fon? 

rcarccly the intcffigencc rf » 

or five. The condition bkiiown «^^^^^^ 

In most cases cretinism and myt 
be cured by administering^y; 
of thyroid extract with 
probwle that 4ight tlqi 
very conuBon, for in ma^ P 
ing ffiyroid to peqple tff 
beneficial fSBset, 


lar do* 
It I 
i*.,cicncy * 

, age * 
^ jnee 



WF 


aring out of Af aohine and Its RBFRODU 




EflVcis produced ijy m over-active tb^id 
seen in the disease Icuovm as iXijphtmmtc 
pQitte. There is quickening of the ^ulse, and 
even n.ilpitations ; there is also wasting, and a 
curious bulging of the eyes. We do not 
therefore recommend pur readers to try the 
effect of thyroid extract without proper 
ti^edical supe^ision. 

Ihc thyroid is not ctfential to life. Life 
and its oxidations continue even when "the 
whole thyroid is removed, but they continue 
very sluggishly ; the rate of oxidation falls 
to about sixty per cent, of its normal value, 
and the temperature tpnds to be subnormal 
The thyroicl hormone acts like a draught 
to the fire of life. The draught is necessary 
to get a bright fire ; but without it, the fire 
will still smoulder on. From another point 
of view, the thyroid is Nature’s device for 
drugging the higher animals up to a pitch 
of activity not found in 
lower forms. The proper 
growth of our body, the full 
activity of our mind, is only 
possible when the thyroid is 
pouring its little daily dose 
into our system. 

' The pituitary gland is a 
small, reddish-grey c g g - 
shaped body, about half an 
inch across, and projecting 
from the middle oi the lower 
surface of the brain, with 
the substance of which it is 
continuous, into a little cup 
in the base of the skull. It 
is made up of two distinct 
halves, each of which pro- 
duces its own secretion and exerts its own 
influence on the working of the body. 

The hinder half or post-pituitary is mainly 
concerned with the body’s chemistry and 
chemical supply. Its secretion excites and 
augments the movements of the bowels, 
teeps the blood-vcssels toned up, and stimu- 
ates the kidneys to do their work. In addi- 
ion if It is deficient, the utilization of sugar 
Jy the body is disturbed. A high proportion 
the carbohydrate consumed u turned into 
unnecessary fat instead of being used as fuel ; 
ne result is great obesity and an exaggerated 
appetite, especially for sweet things. 

, pre-pHuitary, on the 

cr hand, is mainly concerned wl& growth 
u development. Over-activitv of the 
|fe-pituitary (such as peeuw lAdicn a tumour 
. OTO the gland), if oCCun befiMt 
boiics have lad tbeir 

In length, 

’ ‘he whole body, 


whidi, bowmr. i> fiu* omfc' madKd in dte 
long ^nes of the limbs than in the trunk. 
Most of the giants of fairs and ciituii^ owe 
their pecuUaiity to this cause, while the fat 
lady In the next booth gains her 
through a deficiency of the Other part the 
same minute gland. If over-activity of the 
gland does not begin until full stature has 
been reached, the bones cannot grow in 
length, and the excess growth takes place 
mainly in the hands, feet and part of the 
skull, giving rise to a disease called ammgaly. 
Not only the bones, but the tissues over them 
enlarge, so that the unfortunate patient 
gradually acquires a coarse, heavy expression, 
as well as having to discard his or her gloves 
and boots from time to time for larger sizes. 
The bones of the fingers usually develop 
abnormal bony outgrowths. The pre-pitu- 
itary affects not only growth, but also 



Fig, 66. Three photographs of the same woman showing how over- 
activity of the front part of the pituitary gland (see Fig. 36) may 
gradually affect the physique. 

Lift to right f at twenty ftw, twenijhsiXf and firty^two years qf afu, {Courier of 
Sir A. C. Gtddes and ** Journal of Anatomy and PhysimgyJ*) 

stimulates the development of the repro- 
ductive organs. 

When the pre-pituitary is deficient, children 
do not grow up properly ; they remain imdcr- 
sized, though of perfect proportions, and they 
fail to mature sexually, giving one of the most 
typical pictures of what is called in&ntilism. 

The pituitary also helps to regulate 
temperature. Human bcinm with deficiency 
of tne pituitary as a whole are generally 
sub-nori^ in temperature) and in addition ^ 
often somnolent to excess. Add to fins 
the tendency to lay on fiit«and the enpnnous) 
appetite, ard we realize what an eameHen#.; 
TOcture of an under-pitiutaried 
Dickens gave us in dte fat boy ip 
These effects of pituitary and 
have been turned to accowT by 
To prepare hedgdiogs and doni^ aml p^^ 
hibemating mmnmats for fheir 
thyroid am ^tuits^ " 
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cold, and drowsy, and finally succumb to 
sleep. Doubtless other glands are at work, 
too, but the share of the thyroid is prettily 
demonstrated by the fact that a single 
thynoid injection will completely waken a 
hedgehog from his winter’s sleep. 

Half a century ago, nothing was known 
of the functions of these ductless glands. 
They were merely puzzles for the anatomist. 
To-day we know that, including the 
thyroid and the pituitary body, there are 
four, perhaps five different glands in our 
bodies entirely concerned with this business 
of internal secretion, and two of these five, 
the adrenal and the pituitary, have a double 
function and are formed of two distinct 
parts, each producing one or more quite 
different hormones. Besides these definite 
anatomical structures we have named there 
are several organs which have other functions 
as well, but which also contain masses of 
internally secreting cells. Altogether we 
know now of more than a dozen separate 
hormones each with its own special task 
within the body. 

Of these hormones, two — ^secretin and 
adrenin — co-operate with the nervous system 
in bringing about rapid variations in the 
state of our organs in adjustment to the 
fluctuating conditions to which we are 
exposed. We have already described the 
action in Chapter 2 of this Book i. 

Other internal secretions have exclusively 
chemical functions. The pancreas, for ex- 
ample, has islets of endocrine cells scattered 
among its digestive tubules, and their 
secretion, insulin, has a very important 
function in controlling the handling of sugar 
by our tissues. The parathyroid glands are 
small bodies lying at the sides of the thyroid, 
and until a few decades ago were regarded 
as mere appendages of that organ. Now 
we know that they produce a secretion which 
rebates the amount of lime in the blood. 
When this is insufficient, defects appear in 
bones and teeth ; when it is ^avely deficient 
the patient has an attack of muscle-spasms 
or tetany. In the last few years a way has 
been found to prepare extracts of the para- 
thyroids, whose injection will relieve the 
symptoms of this disorder. 

The endocrine functions of various other 
organs of the body have still to be explored. 
The thymus, for example, is a large, pink gland 
lying over the heart in very young children 
but dwindling and disappearing before the 
age of discretion is reached. Presumably 
it has an influence on early development. 

It should not be thought that the diflerent 
ductless glands exert their functions in 
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isolation and independently of each other. 
Often a number of glands affect the same 
process in various ways — in the case of sugar 
metaboHsm, for example, the thyroid stimu- 
lates oxidation of sugar, the post-pituitary 
favours the conversion of sugar to fet, the 
adrenal medulla brings about liberation of 
sugar from the liver, and the pancreas 
controls the taking-up of sugar by the 
tissues from the blood — and thus the various 
secretions may interfere, antagonizing or 
reinforcing each other’s activities. Again, 
the various ductless glands may influence 
each other directly. There is an intimate 
interrelation between the adrenab and the 
thyroid, for feeding dogs on adrenal cortex 
causes their thyroids to store more thyroxin. 
Similarly the endocrine parts of the ovary and 
testis affect other ductless glands, for castra- 
tion and pregnancy arc accompanied by 
various changes in various glands ; and 
X-raying the testes of some mammab, which 
causes overgrowth of the internally secreting 
tissue, produces an apparently degenerative 
decay in the pituitary. Like other tissues, 
the ductless glands are sensitive to changes 
in the composition of the blood, and thus, 
in a variety of ways, they can interact. 

ManifesUy our present knowledge of in- 
ternal secretion b still very incomplete, and a 
good deal of premature speculation — indeed, 
of nonsense — ^has been written about it. 
Nevertheless it is clear that the actions of these 
glands are of the profoundcst physiological 
importance, and the unravelling and map- 
ping of thb tangled skein of chemical actions 
— a process comparable to the mapping ot 
fibres in the nervous system — ^b one of the 
most fascinating problems that the physiolo- 
gist of the next few decades will have to tackle. 

So we close thb succinct review of current 


knowledge in thb field. Beneath the outer 
appearances of life thb interplay of scorctiom 
and counter-secretions goes on, like the 
authors, producers, prompters and so forth 
of a dramatic piece. They do not challenge 
our attention. The play’s the thing. 
play b a Cat or a Fish or a Mouse or an 
Elephant, according to circumstances. 
play they put on the stage i(^dien the ne 
of action b Homo sapiens has called oy 
an eminent observer of the spedes the bevc 
Ages of Man. Pituitary, pineal gla^^ 
thyroid, the intentitial edb^^of testis a 
ovary, all contribntc to ihef^ralna, w 
first act b “ the infant 
in its nurse’s arms ** add ivliow last, 
lean and sUpper’d belatcd^V 

in search of VwnO^^SSni|?^^ 

Hake or whatever otbfcT tjne . 
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§ I 

Classification 

E have now given an outline of 
existing knowledge about the struc- 
ture and working of that most familiar form 
of living thing, a human being. From the 
material point of view it is a mechanism, 
but it has this remarkable difference from all 
manufactured machines it can make other 
mechanisms in its own likeness. We have 
ihown how wonderfully it is built up of 
billions of subordinate individuals, its cells 
bcld together in co-operation by the most 
complex and marvellous means, and made 
to behave as one whole through the agency 
)f the nervous system. We have considered 
the remarkable subtlety and abo the extra- 
)rdinaiy limitations and vulnerability of 
his living body. In the world there arc 
low perhaps a thousand million of these 
tomplex mechanisms going about their 
)usiness and constituting the species Man, 
Hmo snpiens. 

In relations of conflict or tolerance with 
his species there are a very great number 
>f other species, more or less numerous and 
nore or less similar, beasts, birds, and fishes. 

have already given some transitory 
[lances at one of these species, Mus nmscubts, 
he house mouse, of which the terrestrial 
|ving population must far outnumb^ hu- 
|ianity. For our present puipose we may 
. species as a kind or living thing 
Jich reproduces itself but does not intcr- 
. eed normally with othor kinds of living 
gs, even though they may resemble 
o;ry The sort teeps ifidf to itsdf. 

^^ince the great days of Greek inteltectual 
id Jr tlwanselvcs to ,gni» 

' the Wjalltics 

spectacle of life, and OOO Of 

into an ' 

f hat efiort we have 

in the introductu^!^^^- 


observed that 


groups. There were, for example, the 
house mouse, the harvest mouse, me wood 
mouK, and the black and the brown rats, 
all kinds keeping themselves apart as a rule, 
and following distinctive ways of life. 
Dog, wolf, jackal and fox fall into a similar 
group, and cat, lynx, panther, leopard and 
tiger into another. Such obviously similar 
groups of species were early assembled 
together as genera (singular, £»nw) under a 
common name. Linnams in tne* eighteenth 
century introduced the modem practice 
of defining species by using a special termin- 
ology which was more exact and explicit 
than the often very loosely used common 
name. ♦The name of the genus was first given 
and then the precise specific name. And 
instead of using homely words for genus and 
species it was more convenient to use a rather 
debased mixture (grammatically) of Ladh 
and Greek, because this prevents confusion 
arising out of the loose use of popular words. 
Thus the house mouK is Musjnuseulust the 
harvest mouse is MU{^minutuSf t^ lion is 
Felisjeo^ the leopafd is Felis^paribis, And 
to be uniform, man is called Hmo^japienSy 
although no other species of Homo now 
exists. But once upon a time there were 
other species of nmo, Occasionllly the 
bones other traces of a long-vanished 
race come to light, hea\dly built, with 
difierences in the jawbone, neck, 1^, and 
skull so ffreat as to constitute a dmerent 
species, Homo manderihdensis. 

There is no exact definition of what a ^ 
genus is, and there are wide dififerences 
of opinion and practice about genera. Sotne 
types cS natur^t seem to like to filib thw 
in big groups ; others distingu^ ai^ 
break up. Much toil and intemn^u^ 
x^iisiicm are necessary to seeuit 
Approaching a untform praedee* % 
Iggciei hmtk b^rui^, 

4% bb diffiarences of 

;Are deaftw-iidth^^diitii^ i 
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naturalists marshal genera into families and 
families into orders, orders into classes' and 
into phyla (sin^ar,/>Aj;/ttm). Finally ihere 
are the two neat kin^oms, the AnimiRhd 
Vegetable KinMoms. This makes "a good 
framework in which to sort out the immense 
variety of living thin^ we have now to 
consider. But die scheme, be it clearly 
understood, is not an exact one. The facts 
are often awkward and the terminology has 
to be as elastic as possible, so that inter- 
mediate grades, such as super-order, sub- 
family, sub-species, and so on, may be inter- 
polated in the scries. 

We will now go through this classification 
and consider the extraordinary range in the 
types and patterns of living mechanisms 
that we have set ourselves to study. 

§ 2 

What is Meant By a “ Phylum ’* 

The greatest divisions (after the two king- 
doms have been separated) used by the 
modern naturalist are called phyla. A 
I phylum assembles all the creatures which 
I possess one common ground-plan. Mouse and 
man, for example, have a common ground- 


lan ; we need only repeat the words skul] 
ackbone, ribs, hver, spleen, forclimb* 
hindlimb, to illustrate this point, Turn to 
a fly or starfish and none of these funda. 
mentals in the lay-out of man and mouse arc^ 
to be found. Fly and starfish, like man and^ 
mouse, are built up of innumerable cclb! 
and arc bathed internally in a sort of blood 
and held together for united ends by a 
nervous system, but all the arrangement 
of the parts is different. They bclon? tn! 
different phyla. I 

As the reader knows, man and mouse arc 
classified with a multitude of other creatures 
as Vertebrata. They are the beasts, birds, 
fishes, and reptiles ; they arc the most 
obviously important living things to us, 
Let us consider what arc the characteristics 
that bring all these Vertebrata into one 
phylum. That we may do most illumina- 
tingly by comparing the anatomy of a fish 
with those two mammals that have hitherto 
occupied our attention. We will take the 
dogfish as a convenient type. 

The dogfish is a miniature shark who 
prowls round our coasts in search of smal 
crabs and worms — indeed, anything that 
he can devour — and who appears under 



Fig. 67. The Skeleton qf a Dog* ; 

If this ii compared with the human skeleton in Fig. 4 it will he seen that the two m 
106 
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t varit^ty of names on the counters of our 
^jgd.fisli shops. His general appearance, 
g 5ho^\n in the accompanying drawing. 


their position and in the fact that the 

r ■ 


icy arc 

supported skeletal ^rdles inside the body. 


i^y of the differences in external 
appearance between a dogfish and a mam- 
mal may be directly correlaied with the fact 
that the former lives in the sea while the 
latter lives on land. The body of the dogfish 



Fig. 68. The Rough Dogfish^ another representative of the vertebrate pattern. 

{From ihf Plymouth Aquarium Guide Book, by courtesy of the Marine Biological Association of the Umted Kingdom.) 


ike ail adult mammal, he has a head with 
and mouth and nostrils that lead into 
1 olfactory cavity ; like an embryo m^- 
lal, he has a series of gill-slits on the sides 
: his throat. The front gill-slit, or spiracle, 
c may note in passing, is different in 
ructure and position from the rest and 
ifferent in a very amusing and in- 
resting way. It is small and round 
id placed just behind the eye, and 
though it is not used for hearing, it 
ms very close to the inner car of the 
Dgfish and then opens into his mouth. 

1 its position, and in the particular 
srvps and arteries that lie against it, it 
irresponds to the channel made by 
jr outer and middle cars and Eusta- 
tian tubes, and this idea of the 
)rrespondence of the two structures is 
)nfimied by the fact that in a mam- 
malian embryo the front gill-slit actually 
scomes separated from the rest and 
svelops directly into that channel, 
lologists call this parallelism homology ; 
me two structures arc ** homologous. 
in creatures of the same phylum, 
ol different orders or classes, we 
^ he constantly detecting homologies. 


is beautifully stream-lined, so that he may 
glide swiftly through the water, ftis tail 
is a powerful organ of propulsion. His 
paired fins do not project far from the trunk, 
for they would oner too much resistance to 
the water if they did so ; they are used 


arc of two 


;The fins of a dogfish "^2 

nc f I- unpaired fins, including the 
his back and tail and the hind- 

ad th ^ ^ lower surface, 

0 n.' there are 

unpaired fins do not 
or position to 
fat tti ^ ^ found in a mammal, 

limb'^'^^u^”* homologous with 
; they resemble our limbs in 



rly emtnyos qf a dogfish (A), a Umd 
(B), a chick (C), a rabbit (D), and a man (E) 
resemble each other very closely ; {magn^d). 

As dmlqpment proceeds these maOnes arise ets cBoergent modHh 
the primOse plan* (Rrm ** VertArate ZoolegiL^* 
^ £ R 4i jU, df Jadbsik) 

: V ^ \ /’’-'“to?' 


Fig* 69. Early emi 
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as balancing vanes, partly like the ailerons glands, cerebrum and cerdjeUum* It^tes op 
of an aeroplane, to keep the fish the right ovaries. The homology of his otgahs ca® 
way up, and partly like elevating-planes be traced even in iidnute details, in me course 
to steer it upwards or downwards through and branching of his nerves and arteries^ 
the water. A mammal, on the other hand, Cixm point after point the \4ifiei encej 
livii^ in a medium with less resistance between a dogfish ana ourselves ket modi, 
than water, has no need of accurate fications of a plan common to both. And 
stream-lining, and can afford the luxury in many cases where the homolt^es of 
of a neck ; at the same time he cannot two adults are not apparent a study of tlrp 
propel himself by wagging his tail, and so human embryoshows how the twOcorrespond 
his limbs must form long supportmg and The position might be summarized W 
•propulsive levers. The difference in res- saying that if we had a model dogfish madef 
piratory mechanism has a similar rationale, of plasticine we could twist and stretch and 
A dogfoh breathes by gulping a current of bend it bit by bit, increasii^ the quantity! 
water into his mouth and out through the at this point perhaps and diminishing it ^ 
gill-slits. As the water passes over his gills that, but adding nothing essentially new^ until 
it yields oxygen to the blood in them and we had a very passable model mammal-ai 
washes away the carbon dioxide. A mam- modifying process that is crudely reproduced 
mal could not do this ; if he passed a con- in the stages of our own cmliryonic develop, 
tinual current of air over his respiratory mem- ment. 

branes they would dry up, and moisture If we examined any other vertebrate-a 
plays an essential part in the exchange of frog, say, or a tortoise, or a sparrow—we 
gases. ^ He breathes by drawing air into those should find a similar agreement in plan, 
hollow bags, his lun^, and blowing it out They all possess practically the same set of 
again. In the dogfish there arc no lungs ; organs, put together in the same way. On 
we do not even find a homologue here, the other hand this does not apply to a great 
though many other fishes have it in the form multitude of other living animab. A lobster, 
of the swimming bladder. We may note j for example, has organs that do not corres* 
that a dogfish could not inhale and exhale \ pond at all to ours, and the whole architco 
water as the mammal does air, because the turc of his body is distinct ; the same is true 
inertia of water is too great. Running along of a starfish, or a tapeworm, or an oyster, 
the side of the dogfish’s body is the lateral A plasticine model of any of these creatures 
liniy seen as a white streak in the drawing, would have to be broken down to nearly 
This is a sense-organ, probably recording nothing before you could begin to worry it 
changes in pressure ; owing to its structure into the form of a vertebrate. You might 
it would not work in air, and we do not perhaps retain mouth and anus, but thatj 
find it in mammals. would be almost all. 

So far as outward and visible structure Such, then, is the import pf phylum.” 
is concerned, a dogfish is like a mammal, If we have a thorough kfewledge of the 
but twisted about and modified because of anatomy of one particular kind of anima! 
the necessities of an aquatic existence, we arc able to find our way about any ot^ 
Or we may put it rouna the other ^way kind of animal bdongin^f to that sani 
and" say the m am m al is after the dogfish phylum with only moderate difficulty. Ffl 
pattern but adapted to the air. If we turn example, knowng the' plan on which i 
to internal anatomy we find that the mammal works, we kndw roughly wM 
correspoi^cncc of lay-out still holds. The organs to expect in a bird or a fish and whj 
dogfish, like the mammal, has a skull and a part of the body they are in« 
backbone made of jointed vertebrae ; the ^owiedge is confined to 9 

former houses the brain and the latter has animal we are hopeleadf at ica if we try W 
a canal running through it which contains dissect a memto rf a phylu®* 

^ protects the sjnnal cord. He has a licart if we tried, for eamisq^ to find orga® 
in a position corresponding to our hearts^^%it corresponding to the togani Of mammah M 
as he has no lungs he has no double circu- the inside of a lobster. V V 
lation ; thedogfoh heaut, like the heart of a In rep^ to the 9 

human'^embryo, is a single pump and drives chawtertttic ^ 

all the blood forward via the gills to the rest distinct ftom ^ 

of the b^y. He has a stomach lying rather zocAo^aX 
to the left of his abdominal cavity and Iddncys pmnts, paracol«]dyi: * ^ 

at the back ; he has a liver and portal vdm, or a 

a ^spleen, thyroid, jnneal and pituitary; ^ ' 
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rcsrnt it will be mcwre profitable for in 
examine one by one the variotis classes 
Vertt i)rates and so get an idea of what 
ai ( like than to plunge into anatomical 
ails Nevertheless, there is a simple 
inition ; the Vertibratcs arc the athletes 
the Animal Kingdom. Tlxey have better- 
^elopcd muscles, and better devices for 
, plying those muscles with oxygen than 
/ othtT creatures. The mammab on 
id th( birds in the air, the fish in the 
ter_tbese include in their ranks the 
gest strongest, and swiftest of creatures, 
j those with the greatest powers of 
durance. That b why their one phylum 
rusts itself upon our attention in front of all 
p other phyla of the Animal Kingdom, 
leirs is the leading patterm; they include 
I the high-grade inakos in the world of life. 

§ 3 * 

The Classes of the Vertebrate 
Phylum 

At the head of any survey of Vertebrate 
rms must come the mammals and birds, 
hey have dominated thb earth for many 
iilHons, perhaps for scores of millions of 
jars, and arc manifesdy the best adapted 
eatures to the present climatic variety and 
ficertainties of our planet. But they have 
3t always ruled the terrestrial scene. 

1 the past, stupendous ages passed in which 
either bird flew nor mammal ran, and 
eings less adapted to an active life in a 
lictuating temperature prevailed. There 
as an age when the reptiles ruled, before 
kure it would seem haa invented the hair 
feathers, the double circulation and the 
^od at a constant temperature, which 
ount for the active presence of the bird 
1 mammal all over the globe and all 
nd the year, 

§ 3a 

Mammah 

die class Mammalia includes most of 
animals with which we are familiar — 
^selves and dogs, cats and horses, pigs and 
e. Mammals arc wann«blooded animab, 
jstmetu)!, which they share with the birds, 
10 pn v( nt loss of heat they are more 
ess completely dothed with W. Thb 
^ may note, b one of the dbtingubhiiig 
oi inammab. MoreeypTmey arc 
treatment of dielf ymmg* 

Pf 'they bringfo^lMry^ 

i^nost creatures, and' i 


m that th^ females have special naik* 
producing j^nds with which to suckle thar 
ofbpring. Tlusse are the most iharacterbtic 
points, but thae are others. The muscular 
diaphragm which separatpAcst from belly 
b a characteristic feature orthe mammab ; 
in other vertebrates the heart and lungs and 
boweb all writhe and josde in one large 
body-cavity. Mammab have bcttcr-dcydi- 
oped brains, and consequently bettw nunds 
than any other creatures. And while 
lower jaw of all other vetebrates consbts' 
of several bones joined together, the mam« 
mab have a lower jaw of one single bone* 
Thb fact, which may seem unimportant to 
the reader, b of very great value in tracing 
the evolution of the group, because in many 
extinct species, and particularly early mam- 
malian species, only the lower jaws have been 
found, owii^ to the case wi& which lower 
jaws drop oft floating carcasses, to be embed- 
ded and preserved in river mud. 

Now thlrc arc three grades of Mammab, 
differing in the manner in which they treat 
their young. The first grade, the Mono ^ 
tremes , is a very small one ; it includes two 
curious creatures, the spiny ant-eater and 
the duck-bill or water-mole, which show a 
number of striking resemblances to the rep- 
tiles. They stand markedly apart firom the 
rest of the class. They differ from the other 
members of the class in that they lay eggs 
instead of bearing young ; nevertheless, 
when the young ones hatch, they arc suckled 
by the mother. In their egg-laying habits 
they are reptile-like, and they show other 
reptilian features in their skeletons, in the 
structure of the brain, and in not being able 
to keep their temperature as constant as that 
of other mammab. The duck-bill b found 
only in Australia and Tasmania ; it lives 
in streams, feeding on insects, snaib, small 
bivalve molluscs and the like, and it makes 
a burrow in the bank where it lays its eggs. 
The spiny ant-eaters, of which there are 
two genera and several species, are found 
in Australia, Tasmania and New Guinea ; 
the female carry their eggs in a large pocket 
in the skin of the bdly until they hatch. 
These creatures arc fascinating from the 
evolutionaiy point of view ; they arc 
sufi^vors of a time when some of the nqpitiles 
were turning themselves into m#Kiixi^b 
by acquiring warm blood and hair. ^ 

The remaining mamruids M 
parallel sections^ of which one b very 
larger thimihe other. The first and 
lection k the Or pout^ imm' 

mab* Tliese armSbate 
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higher mammals that arc familiar to every- 
body, for they bring forth their young alive, 
but they bring them forth in a very helpless 
and undeveloped condition, and then carry 
them in pouches on their bellies, where they 
remain glued to the mother’s teats until they 



Fig. 70. An Ungulate. 

are able to fend for themselves. They are 
viviparous, but only just so. An idea 
of the helplessness of a young marsupial at 
birth may be gained from the fact that a 
newly-born kangaroo — of one of the biggest 
kinds of kangaroo — is about the size of one’s 
little finger. Living marsupials arc found 
only in Australia, New Guinea and the 
adjacent islands — except for the opossums, 
which occur in America. The best-SEown 
marsupials arc the kangaroos and opossums, 
but there arc many"^ther forms, 
showing a great range of specialized 
structure and habit. Tlierc are 
wolf-like, cat-like, molc-likc, and 
ant-eater-like marsupials ; and some 
of them even have parachutes of 
skin connecting the fore and hind 
limbs together so that they can plane 
through the air like a flying squirrel. 

In fact, the marsupial orders and 
sub-orders parallel most of the orders 
of the next section in their diversity 
of structure and habit. 

The third section, the placental 
mammals, includes all the “better 
known mammals alive to-day. They are dis- 
tinguished firom the marsupials by a number 
of points— -their brains, for exanmle, are better 
developed— but the essential diffcmicc lies in 
the way their young are produced. The 
pla^ntals are thorough*gomg mammals ; as 
their name implies, they possess true placentas 
no 


such as we have already described in tL; 
last chapter of Book i, and for tins reason i 
they arc able to house and nourish thecnibryo = 
in ^c uterus until it is pjetty nearly ablel j 
run about by itself. The marsupials, qJ 
the other hand, devclo|^o true placenta and] 
so bring forth their young in a state of 
inconvenient immaturity ; hence the needj 
for the pouch. We need not examine the’ 
great variety of placcntals in any detail 
(there are fifteen orders living to-day and 
many extinct ones) ; we will merely take 
note of some of the most interesting and 
important forms and refer the reader to the 
Zoological Gardens and the Museum of 
Natural History, where their characteristics 
can be far more profitably studied. 

The placcntai mammals arc conveniently 
divided into four great cohorts based upon 
their way of life, and particularly upon the 
uses to which they put their hands, feet and 
teeth. We may distinguish as a first cohort 
the great assembly known as ^j^a^or 
hoofed mammals, a group of vegetarians 
having flattish-topped but knobbly or ridged 
molar teeth to gnnd up plant tissues ; for 
the most p^t large beasts using their four 
limbs exclusively for supporting their bodies 
and for locomotion. ^ may note as ex- 
amples the three larg^i and most important 
orders— the Perissomtyla (the horses and 
their close relatives the asses and zebras, 
the tapirs and the rhinoceroses), which 
put most of their weight on the middle toe 
of each foot, the Artiodactyla (the pigs and 
hippopotami and the great cud-chewing 
assembly of camels, llaj^, oxen, she^, 
goats, antelopes, deer, and giraffes), which 



Fig. 71. An UfigMMi* 


td 


divide their wdght 
third and fi>tnrih toes^ lid 
el^hants. ;• A' 

The secoiid ate 
clawed maminak* ^ 
amemgst other 
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orcupines, beavers, jerboas), the Insectima 
ins(ct-eating mammals (hedgehogs, 
[irew-iuice, moles), the Chiroptera or bats, 
lie Carnivora or beasts of prey (cats, dogs, 
(ears, civets, weasels, badgers, hyaenas, 
(tters, seals, walruses), and the toothless 



Fig. 72. A Primate. 

entala (sloths, true ant-eaters, armadillos), 
ley are on the whole smaller than the 
gulalcs, and they are an altogether more 
ried cohort. Their feet arc not so 
clusively used for carrying their weight as 
e those of the hoofed mammals and they 
xy be turned to a variety of other purposes, 
any of the clawed mammals can grasp 
id hold things with their paws (which no 
igulate can do) and many of them can 
mb. In some the claws arc strong and 
e hand is specialized for digging ; 
e mole and the ant-eater illustrate 
is. In seals and walruses, which 
end a large part of their lives in 
ater, the hands and feet arc pad- 
es. And many of the unguiculates 
fly. The flying-squirrels and 
ie so-called flying-lemur have 
rachute-like folds cJskift between 

by means of 
h they can skim down from the 
won which they live; and the 

ctwepnTil'’® membranes 

Pg^rof ^,'1 eloi^ted 

iwilt anH ^ 

(rd Th nimbly as any 

als than the hoofed mam- 

h rodents ™!f, (*»<* eJTCqot for 

[ev Hrv - which will eat anv&nffL 


other animals or on fruits and the juicier 
parts of plants. 

The third cohort is the Primates, and 
includes the lemurs, the montcysana apes, 
and ourselves. It is difficult to separate 
this cohort clearly from the unguiculates, for 
the lemurs are in many respects like sodie 
of the insectivores and extinct carnivores. 
The primates may be called the inquisitive 
mammals ; they arc characterized first and 
foremost by their intelligence, and include 
the animals with the largest brains, the most 
useful, mobile hands, and the clearest-seeing 
eyes. The latter point may be associated 
in some way with another primate character 
— the presence of a more or less complete 
bony partition separating the eyeball from 
the muscles moving the lower jaw. 

Moreover (except for one or two lemurs 
and the marmosets, which arc clawed) they 
are distinguished from all other mammals 
by having fiat nails on their fingers and toes, 
instead of claws or hoofs. Their hands 
contrast very strikingly with the feet of 
ungulates. In the latter group the foot is 
purely and solely a prop, a single shaft, and 
there is consequently a tendency to have 
few toes and to nave them all bound together 
into one column. It is very strong and 
firm, but its possible uses arc severely limited. 
In the primates the hand is used for grasping 
and examining things, and here, therefbre, 
there is a full complement of five fingers 
which can move more or less independently 
of each other. It is a hand designed for 
variety and adaptability of movement rather 
than strength. For the most part the 
primates live among trees and climb. 



«»t mySiog), 
'°oihed ungul«ta ^ b«tt feed on 


Fig. 73. A CeUutan. 

The fourth and last cohort of placentals 
is the the whales, dolpram, ami 

poipoises. They are wholly aquatic mam- 
mals. Mhny outer kinds m mmmal have 
taken mote or less to water, but, eaccqvt hx 
those straam ungulate-like vnnhuei, die 
dugong and manateei ntme el diesa bam. 
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book a 

uttcriy surrtnderwi their land-^ J 

SS icals conie ashore to 

twhales ncver «t 

Ithcy have iJo-feet ; thar 

lik^ the ^nt i)air of fins in a nsh> and arc 

tobs are represented by mere SP^ ® 

Kimoua flukt. ihfch art uol. 

Srf. 

i=£L^.EE!;st7jf 

VK may note, is a common insectivorcj^^ 

^nnv shrew, which is less than a nulhonth 
offltweight. Even ^be smallest Cet^cai^ 
when fiilv adult, arc three feet lopg* ^ 
regards diet, there arc two kinds of whales. 
S<me the toothed whales, eat large prey 
oTh Tgiant cutde^fash). The comm^ 
i^™i« which chases and devom fish, 
r^thb kind. The others, the whaletone 
whi<^ve a sieve of whalebone ro^d Aw 

^uA hf Ac place of teeth and Aey fe^ 
OT Ac tiny creatures that swarm m 
at Ae surface of Ae sea ; they 
mouthful of sea and squirt it 
through their internal momuche 
boncTand Aen lick off Ae mas^ of 
creatures Aat have stuck on the ^e. 

Most whales are «clmively m^ne, bm t^ 

are one or two species wluA 
rivers— Ac common porpo^, f®*^. 

f has ascended Ae Seine to Pans. Moreover, 

f as Ac only finned mammals, Aey occupy 
■unique portion in human 
the CatMc Church Aey have always^becn 
Ah and Acreforc eatable m Lent. Hence 
Ac name of Ae porpoise, wAA is a cor- 
raption Of Porkpiscc, or wirk Ah. 

M Ac mammalian cohorts include a great 
number of orders, families and genera now 
extinct, and in many cases Aese cxjj“^ 
fonns are mtcresting because Act form b^ 
and bridges between groups of wAch Ac 
surviving members are in Aarp contrast 
But the consideratioft of these extinct arid 
fi nkin g forms wc wiU reserve for a later Book. 

§ 3b 

Birds 

Birds appeared in the worl4 in saw 
middle period of time as thp m^amals, 
and be<Simc abundant as mammals became 
abundant ^ They arc a paralld'^ dass of 
heat-retaining, high-tfiBcicncy ammau. ^ 
Birds olmously are heavicr-than-ak flying 
machines* Tlicrc arc indeed one or 


or Ae .khiW-HMW 


??«■ 


for ( 


instead of flying m tocSi ijut ^ 

ffteat majority o$ tal« i 

me air* and the fiset is i^ec<M|i^ 
every muscle, every iitten^'OpgW. Mon 
over. Aey arc Ae Mily cw pP hnimalh 
except tlm insects— Ae of who, 

memW afe wi^. p«?Y Wclude « 
largest and heaviest ftdiw ag^ 

Aw champions can ^ hifeW^.roore swift, 
and for a longer time any otha 

unaided living creatim. \ 

Birds are Aaractenaed py. me posscssia^ 
of fcaAers, just as are mamAals by hairj 
feaAers .long and used for pwpulsion au| 
steering on Ac wings and tail, short anf 
far ming an efficient garment on the ra^ 
of Ac body m order to reduce Ae amountrfl 
heat lost to Ae air Aat streams past duriijj 
Aght. Thw arms are vrii^, and tidtl 
bi^t-bonc bears an cnoimous keel in fioat i 
to wWA Ae muscles whiA flap the wings] 
downwards arc attaAA. Bring wings, tk! 
arms cannot be used to support Ae body, and 
when Ae bird is not flying its whole wdgtit 
is poised Bn Ae legs; Ae hip-girdle is 
Acrribre very solidly jrined to the back- 
bone, Ac feet ate l^ ^ Ae legs ait 
struts, firm but UgK*- Moreover, ercepi 
for^ few extinct biids have no tectii, 

and their jaws arc ctuhcathcd by homy 
beaks made of the same stuff as the W 

outer layer of our ddns,andjt^usly moulW 

accord^ to Ae fcedli^I h^hi i''' '”^j 
In th^mtemal aaaW jhwe are 
devices to asnit.Ae bW m 
vigorous and sustained ewrrisc wAA 

si^acopiodsOxygAWpplyto thern^J. 

Thw hearts a« 

size of Ae body Ann those of n'” 
and their lungs oomnwn^ w* ® ^ 

supply of the iotc 

»! p'”pss 


heavy body 
and mvolw 
many parts, 
tkm is to n 
ii Bide rttan 
Aeie bfh, 
and ituAl 
Idud d I 
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allow stones and use them in the ^zard 
special part of the stomach) to grind up 
“ii food, and there are birds that cat meat 
d have no need of such a device ; there 
e various shapes of beak and neck, and a 
anendous range of coloration. But corn- 
red, for example, with the mammals 
e variation of structure found among 
t^ds is slight. Indeed, the only birds 
lich show really profound departures 
e those exceptional ones which do not 
through air— the penguins, whidi fly 
a medium having very different physical 
operties, and the completely nightl<i?8 
ostrich^, rheas, emus, and casso- 
tries, in which the wings arc small and 
•en useless, and in which, since there is no 
cd of powerful muscles to prove them, 
^ Keel on the breast-bonc is small or absent. 


§ 3C 

I -The More Ancient Class ^ Rutiles 

fc claaw 

B I if n fifeq. 

land 

wat i**® 

ihe fishes 

udI ^ each 

‘'""varies and 


into the allotted territory of the other ; 
the class of mammals, for example, has sent 
the.bats into the air and the whales into the^ 
sea. Nevertheless, in the main, each the 
three classes rules in its own element The,* 
remaining classes are now less dominant, and 
of minor importance ; but amon^ them this ; 
reptiljs, at least, have a, great history. JVt 
one time they ruled both land and sea, and 
birds and mammals were not. 

In a number of points the reptiles are 
like mammals or bWs — their ern^bs, for 
exainde, are surrounded in the egg by an 
elabc^lte system of membranes uke the 
membranes of a chick in the or of a 
developing mammal in the uterus, and they 
breathe mroughout their life-histories by 
means of lungs— but they are cold'^blooded, 
that is .to say the temperature of their Mood 
has to be that of their surroundings, and diey 
have scalerinstead of the hair of miuntnahj or 
the feathers of birds. 

Thae are four orders 
The fint indudes the crocboUe^ 
and gaviab— predatory aniippls t* * 
tropic^ livers, sonfe snapping ilo i 
loaminds that come to dd# 
dte updl ibet I 
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but not all types, the head and limbs can be kind. trees 

withdrawn. The third is by far the largest shed thw leam jS . 

and most varied order, and includes the was, and no umiKn iWlli it able 

snakes and lizards— the rattlesnakes, cobras, resist injury from i hcav^ M of _ 


kraits, pythons, geckos, skinks, chameleons, 
monitors, iguanas, slow-worms, and a host 
of others. Finally, the fourth order contains 
one genus only — the lizard-like Sphenodon, 
which is sufficiendy distinct in its internal 
anatomyr to be put in an order by itself. 

With the extinct reptiles — twenty orders 
of them !— we shall deal more fully later on. 
Most of the extinct reptiles, like the survivors 
of the group, were terrestrial, but some, the 
ichthyosaurs, plesiosaurs, and mosasaurs, 
lived like whales in the sea, and others, the 
pterodactyls, soared like bats by means of 
their elongated arms and fingers. The great 
and varied group of dinosaurs included 
(besides a number of . smaller forms) the 
largest known land animals— animals second 
only to the whales in size ; some of them 
peaceful browsers upon plants, others per- 
haps the fiercest and most terrible predatory 
creatures that the world has ever seen. 

In that reptilian world of the past there 
may have been very different conditions 
from those prevalent to-day. Not only 
were the ^eat animals of that time unpro- 
tected against wide variations of temperature, 
but the vegetation also was of a different 


resist injury from i hewy M of snoi 
Nor were therc gra^ and Bowm ripeni, 
seeds that could hibcm&tc through a co 
season. And all the surviving reptiles i 
to-day live cither continuously in wari 
climates or with intermittent stages of wint( 
torpor, for the summer sunshine. They aj 
extraordinarily like the vestiges of ^ni 
ancient conservative aristocracy living on i; 
a world of harder conditions and mor 
energetic newcomers. 

§3d 

The Linking Amphibians 

Frogs and salamanders are often classified 
by the uninitiated as reptiles, together with 
lizards and other cold-blooded land verte- 
brates. But they are not so. They belong 
to a very different class, the Amphibia-^ 
class which is interesting because it sits on 
the fence that divides the lunged and limbed 
from the gilled and finned, the air-breathing 
mammals, birds, and reptiles from the 
water-breathing fishes. It is a class of vast 
antiquity, but never has it displayed the 
variety and abundance of the mammals 
and birds of recent times, nor of the reptiles 







Fig. 76. The Common Toad grabs ^ overcomes ^ and swallows a worm. 


spawn consists of a mass of clear jelly in 
which the hundreds of tiny black eggs arc 
embedded ; the embryos arc not provided 
with the apparatus of enshcathing mem- 
branes found in the three classes with which 
we have already dealt. The young frogs 
or tadpoles have no limbs ; they have large 
tails with which they propel themselves, and 
they breathe as a fish docs by means of rills. 
In other characters also they are fish-like. 
They have, for example, lateral line sense- 
organs. But as they grow older they develop 
lungs and also limbs with hands and feet 
at the ends ; they absorb their gills and 
tails ; they convert themselves from fishes to 
land vertebrates. 

In the great majority of amphibians there 
is a similar life-history. But some of the 
salamanders appear reluctant to leave the 
water ; many of them stay in streams or 
ponds for their whole lives, swimming up to 
the surface to breathe, and a few retain their 
gills until they die, having therefore two 
alternative wa^ of getting oxygen. The 
amphibia arc in fact a borderland class. 
Marshes and water margins arc thenr pre- 
destined habitat. 

§ 3 ® 

Fishes 

The fishes are water-living and water* 
breathing vertebrates. In the former re? 


their prime. Amphibia may be recog- 
ied by their smooth, moist skins, which 
:k hair, feathers, or scales. This naked 
in is one of the reasons why (with one or 
0 rare and specialized exceptions) ai\ 
iiphibian cannot venture far from moist 
aces ; possessing neither the dry scales 
a reptile nor the air-jacket of a bird or 
amrrial he has no protection against 
ater-loss. Sometimes on very hot days 
le finds mummified frogs lying on roads — 
ogs whicli have ventured into the arid 
?sert of the road and have dried up before 
icy could find their way off it again. 

Two of the three living orders of amphib- 
n5> are well known. The first, the frogs and 
ds, are tailless, and have long powerful 
d limbs by means of which they leap or 
The second, the newts and sala- 
tiders, swim by fish-like sideways wriggling 
nc body, which tapers behind into a long 
1 5 they generally have four limbs, which 
y use for crawling on land, but in some 
^ the limbs arc very small, or even 
sent altogether. The diird orto includes 
^ rare burrowing forms, having worm- 
^^cking both tail and limbs, 
n amphibians spend at’ least a 

k fo water. They have a 

. air-breathing adtdt 

elif. v" probably famiSu with 

history of the commpu fi?pgv Frog* 
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spect they are by no means unique, for there 
are aquatic mammals and there have been 
many kinds of aquatic reptiles ; but these 
latter animals are exceptional members of 
essentially terrestrial classes, and their struc- 
ture is the structure of a land animal modified 
for a watery existence. They are air-breath- 
ers, and have to rise to the surface from time 
to time in order to renew the air in the lungs. 
Their paddles are typical teirestrial limbs 
masked only superficially by a finny disguise. 
Fish, on the other hand, are aquatic through 
and through. They breathe water, and their 
fins do not show the five- toed plan that under- 
lies the limbs of land-living vertebrates. 
Their gills are paralleled by larval amphib- 
ians and even by a few adult members of 
that group ; but most amphibians have 
lungs when tliey grow up, and their jointed 
limbs always end in unmistakably terrestrial 
hands and feet. The iv^st distinctive feature 
of the fish is the fin — a broad, flat expanse 
ending in a plate of characteristic “ fin-rays,” 
They may be *defined as finny vertebrates. 

There are two sub-classcs of fish — the 
gristly and the bony fish. In the former 
the skeleton is composed in the main of 
gristle ; this is strengthened by the deposition 
of lime-salts in various places— always in 
the teeth and scales, and often in the verte- 
brae and jaws. In the second sub-class there 
is bone in the skeleton, and especially in the 
skull ; it is as if the skull of a gristly fish had 
been plastered over with a layer of fiat 
bones. The easiest way of distinguishing 
the two sub-classes is by looking at the gill- 
slits, In the gristly fish (with one or two 
rare exceptions) the five or more gill-slits 
can be seen as separate openings, while in 
the bony fish they are covered by a flap of 
bone, the gill-cover, and they open together 
by a single cleft at its back margin. 

The gristly fish include sharks and dogfish, 
the flat, bottom-living skates and rays, and 
the weird and rarely-seen “ Chimeras.” 
They include the largest of fish, the basking 
sharks, up to forty feet long. The eggs of 
dogfish, rays and the like are well-known 
seaside objects, often thrown up on the 
beach by storms and called “ sailors* purses ” 
or “ mermaids’ purses.” They have tough 
horny shells and contain a large store of 
yolk, and the embryo may develop inside 
them for over a year before hatching. 
Some species, like the “spur dog,” arc 
viviparous. But they are not now the preva- 
lent kind of fish ; it is to the second class 
that the great majority of fish belong. 

The bony fish vary enormously in form 
and habit. Some, beautifully stream-lined, 
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swim swiftly knd with endurance ; a goj 
example is the mackerel, whose clear bU 
colour, light below and darkly rippiijj 
above, m^es him almost invisible as hj; 
slides through the sea. Others, curiously 
flattened, lie on the bottom, snappin^r 
their wry mouths at unsuspicious passers-by 
and only occasionally swimming to a new 

E itch ; the plaice and turbot, for example, 
ave an astonishing power of chanmng colour 
and assuming the pattern of theTx)ttomofl 
which they lie. Some, like the carp, havj 
small, fastidious mouths and swallow worms 
and such-like delicatessen ; others, like the' 
pike, have enormous jaws and cruel teeth 
and destroy fishes nearly as large as them- 
selves. There are fish with mouths that 
shoot out like the lattice-work “ ticklers” 
of our fairs and snatch unwary creatures- 
there are fish with lures to attract their 
prey within reach of the hungry jaws. The 
flying-fish have large, broad fms so that they 
can skim for a considerable distance through 
the air. There are cylindrical fish, ribbon- 
like fish, globular fish in the abyss there 
are fish more grotesque, more horrible than 
any mythological monster. There arc fresh- 
water fish and salt-water fish, and there arc 
some, like the salmon, that travel regularly 
to and fro bctwee#8ca and river. There 
arc also fish that have structures very like 
lungs and that can, if they choose, breathe 
air. They arc amphibious fish and they are 
found in tropical rivers subject to summer 
drought. Then they cease to use their gills, 
encase themselves in mud and lie breathing 
gently wth their lungs until the waters return. 


§3f 

CyclostomSy a Class of Degraded 
Antiques 

And now we come to another group le* 
lumerous now than it was in tlic remot 
)ast. These arc the Cyclostomes. 0 tin 
:lass only a few genera now survive. W 
hey seem to have been the only vertebra 
n existence. The living forms are 
ampreys and the haif'dSsh or 
They live, some in fresh water and som _ 
he sea. Thdr bodiei are long and ed-m 
They breathe by means of gifls as a 

loes. But in a °havc » 

hey arc extraordinaff. ii-rwi* 

race of paired VJj ° ^ 

he skeletal ,hcy b» 

hose of any df the ^ 

mly one 

avity; i«tcid,:||y'^Th« ^ 
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■y h.ur one or two ; in (kh& species 

ituitary pouch of the brain opens 
(/th( I oof of the mouth. But their most 
ikinc orculiaritics are in the Structure of 
. nio lih itself. They have no jaws and 
teeth ; instead of being a slit 


pro] ' ‘ 7 — €*. OilU 

tt can be open or shut, their mouth is a 

^ . . « 


liaf can be used as a sucker, and 
;ir toil' lies, armed with horny substitutes 
tcrili, c an be moved like a piston in the 
luth-funnel. They nourish tnemselvcs by 
aching ificmselvw to fishes by means of 
s siickei and rasping off the flesh with their 
igucs. I hey may even bore through to the 
ioinina] (dvity of their victim, punching a 
It rounb hole in his body-wall as they do so. 
The earliest known fossil vertebrates are 
tain Ik Mvily-armoured fish-like forms 
ire ]ik( iIk sc Cyclostomes than any other 
atuiT. If has been shown that these, 

I, were jawh ss, and that they were built 
the sanK‘ sort of way as a lamprey or a 
T-hsh. I hcir method of feeding, however, 
s probably different. Apparently the 
ipievs and hag-fish arc, like the reptiles, 
rare survivors of a once dominant 
5t()( racy, but one enormously more ancient 
11 that ol th(‘ reptile world. 

§ 3 ^^ 

Semi- VertehraUs 

[he animals that we have already con- 
ered share a common plan of organization, 
eir most evident distinctive feature is the 
session of ,i backbone, a column of ring- 
blocks o( bdiic or gristle jointed together, 
mmg down (he l,ack and housing the 
njl coul Dceatise of this vertebral 
wnn (he amoials arc called vertebrates, 
f Ppluiii im l(id(;.s ourselves, our domestic 
®«s, and all (he largest and most 

Err is the m«! 

Doses (i/ and for practical 

T>oses (he most important phylum. Since 

L , rr unportant, all the 

S (17 ^'^'brates are often 

I'lli thk invertebrates, 

tioef-i , ',"■‘’'‘’^7 including as 

Jo« a mnnher of different phyla, h in 

Sleplivluiti varied one than the 

' (bat' (he ycc'chrates. It was inevit- 
atten io,"’’*' "^‘“‘•alists should pay 

'Sffatgro,,,, 7 exploration of 

.g- '(!> ol outeiden and the 


of ,1,; 


ra:og» 


brata have been at last sorted out into a 
sptem of phyla we shall tell in the following 
chapters, but here we must note certain 
odd lowly forms which naturalists, after 
the most careful consideration, have decided 
to throw back into the vertebrate basket, 
f hey are not full vertebrates certainly, but 
they are put with them as associates, distant 
cousins, semi-vertebrata. 

The IfLncclct-zzdffiphioxus (sharp at both 
ends) IS its svstematic namc—is an incon- 
spicuous little marine animal, whitish, 
translucent shaped like a flat toothpick, 
and less than two inches long (Fig. 77). 
It liv<» an obscure life, burrowing in sand 
m shallow water round most coasts, and tvas 
Mnstdered by its discoverer to be a slug 
But subsequent investigation has removed 
It Irom the low phylum to which it was 
^signed and placed it with the vertebrates. 
It u IS not legitimately a vertebrate, it is at 
•east a poor relation. 

This litde two-inch slip of life has a smooth 
hmblras body. lu mouth is iitirrounded by 
tentacles and leads into the pharynx, a 
perforated, nearly cylindrical structure not 
unlike a gas-mantle. The fabric of this 
gas-mantle 1$ covered with cells bearing 
tiny vibrating hairs or cijia. of the same 
nature as those in our air-passages, and these 
microscopic hairs are continually working 
water through the perforations in an out- 
ward direction. The space round the gas- 
mantle opem into the sea by a special pore ; 
thus there is a continual slotv current of 
water in by the mouth, through the slits of 
toe gas-mantle, out by the special pore. 
Ihis apparatus is not unlike the gUl-appar- 
atus of a fish, for here also there are clefts 
in the side of the throat through which 
water p^ses out, and it was for a long time 
regara^ as a similar respiratory device. 
But It is now known that the chief duty of 
the apparatiu is to collect food. As it passes 
torough this animated sieve the water 
IS filtered ; minute organic particles are 
collected on strands of sticky mucus and 
pa^d dovwi to the gullet, which opens at 
a place corresponding to the blind end of the 
ps-mantle. On the nutritious matter which 
IS collected in this way the animal subsists. 

^phioxus resembles the vertebratwl 
animab in several important respects. In 
the first place, it has a tail. In invertebrate 
animals the anus generally opens at the 
extreme hinder end of the body, and there is 
never the muscular backwaixl prolongation 
of the body>wall, containing the end of the 
muial cord, that is found in all embryo verte- 
brates, and in the great nudqpty (Of addt 
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members of that group. Secondly, it has a 
spinal cord down its back, which, like that of 
a vertebrate, is a hollow tube traversed by a 
continuous narrow canal. Thirdly, although 
its digestive tube runs straight from mouth 
to anus, there opens out of it a blind pouch 
which seems to be the homologue of our 
liver. The blood that has supplied the 
intestine is carried by a portal vein to this 
pouch and there traverses a second system 
of capillaries, a portal circulation, such as all 
vertebrata have ; and although the liver 
of an adult vertebrate is not a simple pouch, 
it nevertheless develops in the embryo from 
a pouch that grows out from the intestine 
like the liver-pouch of Amphioxus. And 
another most important point of resemblance 
is a structure called the notochord, Amphioxus 
has no vertebrae, but it has a stiff, elastic 
rod, lying along the whole length of the 
body, between the spinal cord and the 
alimentary canal. This notochord, like 
our backbones, is the mechanical axis of the 
body on which the muscles play. It is made 
of a highly characteristic kind of tissue — 
its cells have large spaces inside them, 
containing water under pressure, and it is 
surrounded by a thin, elastic membrane 
secreted by the cells, so that its rigidity and 
elasticity are like the rigidity and elasticity of 
a rubber tube filled with water under 
pressure. Now, in the embryos of all 
vertebrated animals a notochord precisely 
similar to the notochord of Amphioxus 
appears. In the lampreys and their allies, 
and in a few fish, this persists and the 
backbone forms round it and encloses it, 
but in all other vertebrata it is supplanted 
during later development by a true backbone 
that owes its rigidity to lime-salts and its 
elasticity to binding ligaments. 

The notochord is really the distinctive 
character of thc^ phylum that we are now 
examining, and which is often called, for 
this reason, the Chordata . In the humblest 
members of the pTi^iim, such as Amphioxus, 
the notochord is retained throughout life. 
In the higher forms, in all the true verte- 
brata, it is present in the embryo, but 
becomes replaced more or less completely 
by a better axial skeleton — stronger and as 
flexible, and at the same time affording a 
protection for the spinal cord — the column 
of jointed vertebrae. 

Another still more remarkable affiliation 
to the vertebrate phylum in recent years 
has been that of the sea-squirts and their 
allies. Sg ^squim arc common enough on 
rocky shores, wht^c they occur, often in 
Ii8 
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large masses, growing fixed to rocks and th 
like. An individual sea-squirt is a roughi* 
cylindrical, gelatinous, translucent obLJ 
often several inches in length; at t], 
unattached end there are two holes frQ* 
which, when it is touched, it ejects witl, 
considerable force two jets of water. Qjj 
examining the creature more closely 
find that its gelatinous exterior is not part 
of the animal itself but a garment that it 
secretes around its body. When the sea. 
squirt is unmolested, a current of water 
passes slowly in at one of the openings and 
out at the other ; on the way through the 
body it traverses a gas-mantle filter or 
pharynx, like that of Amphioxus, and there 
yields the suspended particles upon which 
the animal subsists. The whole adult life 
of the sea-squirt is spent in the same place 
and its only outwardly visible sign of ani- 
mation is the slight stir in the surrounding 
water produced by its slow, indolent feeding, 
current— except on rare occasions when, 
alarmed by the approach of a hungry fish, 
it contracts for a while into an unallracuve 
gelatinous blob, squirting water out of itself 
in two violent jets. 

There is nothing very like a chordate in the 
anatomy or mode of life of an adult sea- 
squirt, nothing to suggest a nearer cousinship 
to Homo sapiens than that which a lobster 
or spider might claim — except that its food 
filter is highly suggestive of that of Amphi- 
oxus. But when its life-cycle is examined 
the case is altered. It is upon the anatomy 
of its early life that its inclusion among the 
chordata is based. The egg of a sea-squirt 
develops into a lively little creature like a 
minute tadpole, which swims along by mcaris 
of a powerful muscular tail. This larva is 
quite obviously a chordate. In its tail it 
has a notochord like the notochord of 
Amphioxus, and the mechanics of swim* 
ming are very similar in both forms ; it has 
a tubular nerve-cord running along its 
back. But in a little while it settles down (« 
a rock, sitting on its head and fastening itsw 
by means of sticky horns that it 
there. It now absorbs its t^l and notocnor i 
and its nervous system (since it no long 
has anything very much to think a o | 
dwindles to a single rounded ganghon 
a few radiating branches ; at the ^ 
it loses its eyes and othef special 

The class to which the sca-squirt beW 
the Tmicata, includes a number oi J ^ 
curious forms. Many of thetn 
reproduce themselves by sprouting 
in this way they give rise to ^ ^ 

colonies of individtiab ^bcd( 
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con), non gelatinous mass. Some arc not 
jjessil but, beautifully transparent, float 
^^l3out in the sea ; of these the most striking is 
'ppo^‘>ina, whose thimble-shaped colonies— up 
to i\v' hTTeet in length— are among the most 
briiii.uUly phosphorescent objects known. A 
never discard the tail and notochord of 
their ynuth but spend their lives as active, ‘ 
tadpuie-like creatures, inhabiting relatively 
hrff' gelatinous houses that they secrete and 
pi-opel tiirough the open waters of the sea. 

Bdlnmplossus is another extraordinary asso- 
riiiUM)! our phylum. It is a white or orange 
^^i)rrn-likc creature— the length varying in 
clifieK iit species from an inch to three yards 

-that Spends its life burrowing in mud at 
the bottom of shallow seas. It is far less 
like a vertebrate than either Amphioxus or 
a voiint^ sea-squirt, yet it is more like a 
veitebrate than it is like the members of any 
othei phylum. It has, for example, a great 
numl)er of gill-slits leading out of the sides 
: of Its throat, and the possession of a per- 
i foratecl throat is apparently a chordate pecu- 
|liaiit\ ; as the animal nourishes itself by 
I swallowing mud or sand and digesting out 
1 any ot ganic matter as it passes through the 
I intestine, it may be presumed that the slits 
I are respiratory. Again, the front part of 
' the body is very mobile and is used for 


burrowing ; it is supported by a thick- 
walled tube of narrow bore that runs 
forwards from the roof of the mouth. The 
cells of this tube have a structure suggestive 
of the cells of a notochord, and it lies, like 
a notochord, just below the principal 
nerve-chord ; moreover, in embr^'o verte- 
brates the notochord develops as a tube that 
is pinched off from the roof of the digestive 
tube. It is at least possible, therefore, that 
this structure is homologous with the noto- 
chord. On the other hand Balanoglossus 
has a point of resemblance with a very 
different phylum, the echinoderms (star- 
fishes, sea-urchins, and their allies) ; in 
many specier* the eggs hatch into minute 
larvae that are like the larvae of sea-urchins, 
except that they grow into Balanoglossus. 
Thus to link vertebrate and echinoderm is a 
remarkable achievement. 

Classified in the same group as Balano- 
glossus are two genera of similar creatures 
that live like polyps in colonies surrounded 
by gelatinous tubes, and capturing suspended 
particles by means of their branching 
tentacles. The best known is called Rhab- 
dopleura. It marks the extreme limit 
of tTJe chordate phylum. The chordate 
ground plan, reduced to the mere shadows 
of backbone, liver, and gill-slit, is traceable 
no further among living thfngs. 



in sand with only its mouth above the surface ; on the right, a BaUmglossus^ 
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§ J 

A Contrast of Arthropod and 
Vertebrate 

A nd now we come to the second great 
phylum of living things. This includes 
all the insects which creep and buzz about us, 
bite and pester us, sting and poison us, the 
spiders that shroud our rooms and cellars, 
the lice that infest us, and earwigs that 
creep and run from every stone we turn. 
It is a strange, competitive world side by 
side with the chordate phylum, unsym- 
pathetic, alien, and for the most part hostile 
and malignant to it. 

We can best consider its distinctive 
differences from other phyla by taking first 
a concrete example, and for that the size 
and accessibility of the lobster {Homarus 
vulgaris) make it a convenient type. 

The general appearance of a living lobster 
is sufficiently well known. His prevailing 
colour is dark blue ; the familiar red colour 
of boiled lobster only appears in the boiling. 
On contrasting him with a vertebrate, tw^ 
outstanding differences immediately present 
themselves ; first, his whole body is covered 
with sheet armour ; second, in the place 
of our legs and arms he is provided with a 
great number of Iwd, jointed limbs. 

The front half oi|lhe lobster is protected 
above and at the sides by a single sheet of 
stiff armour. This part is called the cepj^- 
lothorax — meaning head and chest in one. 
Til? hinder half consists of a chain of seven 
movable segments ; each segment is strongly 
protected, but in between the segments the 
layer of armour is very thin — so thin that 
it is flexible. This part is called the abdomen 
— absurdly, as we shall explain. Its seg- 
ments are jointed together in such a way that 
the abdomen can either be held straight 
out as in the figure or curved forward under 
the cephalothorax ; by suddenly flapping his 
abdomen forward in this way the lobster can 
jerk himself rapidly backwards through the 
water, and it is by means of a scries of such 
flaps that he retires when seriously alarmed. 
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On the lower side of the abdomen there 
are six pairs of limbs or appendages, one 
pair to each segment except the last. Below 
the cephalothorax, there are thirteen more 
pairs of appendages. The structure of 
these appendages varies with their situation 
and the duties that they arc intended to 
perform. Most conspicuous arc the two 
pairs of whip-like feelers in front, the enor- 
mous claws, the four pairs of walking legs, 
and the last pair of all which, together with 
the last abdominal segment, form a flat 
plate used in the abdomen-flapping mode 
of retreat. But besides these obvious append- 
ages there are others. There is a battery 
of six pairs round the mouth, having various 
shapes and used for smelling, tearing up 
and sorting food ; there is a scries below the 
abdomen of which in the male the first two 
pairs arc specially modified for transferring 
spermatozoa to the female. Moreover, some 
of the appendages of the cephalothorax 
bear gills on their bases, and arc constructed 
in various ways so that a current of water 
may be passed over the gills. 

It is interesting to compare this series of 
specialized appendages with our own two 
pairs of limbs. Our legs are designed for 
one function only — they support and propel 
us — ^but our arms arc cssentiallyunspecialized 
structures. From an evolutionary point of 
view they arc primitive. Our hands have 
not committed themselves, so to speak, to 
the exclusive performance of any one act; 
they arc plastic, in the seme that they can 
do a vancty of different dungs. A lobster 


docs not possess any^ng could be 
called a hand. Every one of his nineteen 
pairs of limbs is designed for the efficien 
and exclusive performance of some particuia 
duty. They arc not so much 

A lobster is like an armless laepenter w ^ 
has his mallets and plapeii awls a 
chisels and reamers^ his WWS, bits, o 
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the pocket worftshop variety animated salts, and it is .secreted by a 
[j a vill of its dfWn. layer of cells that lies im-. 

)n opening the^lOMtcr and examining the mediately below it, 
ans that he within his hard exterior we Since tne lobster lives inside 

1 otlu r striking contrasts with ourselves, his own skeleton, the me- 
» arn")ur, we find, is the lobster’s skeleton: chanical arrangements of his 
iias bones that correspond to ours, and limbs and other movable 
ppt ill a few places where rods project parts have to be different from 



fio, 78. The body of the Lobster of Fig. 79 , cut lengthways to show where 
some of the more important organs are placed, 

T/i, UH ailed liver, which Jills the front half of the body, is left out of the drawingjor 
clearness. 

m tlu sui face into the soft interior in order ours. In ourselves, the jointed 
^ivc hriii attachment to the muscles of bones arc clothed by a layer 
limbs, and except fw a marvellous of muscles which pulls them 
iwing apparatus in his stomach, this in various directions ; in the 
ci coating is the only rigid tissue he lobster, instead of bones there 
iscsscs Like the hard substance of our are jointed tubes, and the 
n skeletons it is made by but not of living muscles that move them lie 
Is ; it is dead matter consisting largely inside them, 
a liorny substance called chitin, and The lobster’s main interior 
[ii^nhcncd by the deposition in it of lime cavity in the cephalothorax 



Fig. 80 . A 
Lobster's joint-^ 
ed limb opened 
up to show the 
muscles lying 
inside. 

Contrast these me* 
chanical arrange* 
meats with those 
of the human arm 
in Fig. 6 . 
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is not divided into thorax and abdomen dieting bag, as ouw is; it is a sec 

KLta ,n««w • it ip larrrf ravitv minrinor tnarKm#* Tf ic 


t,.aviuc:s imv; ulus , u. 

Moreover, this cavity is filled with blood. 
It is not a special cavity, as our body- 
.cavities are ; it is as if the veins of a 
vertebrate had swollen enormously and 
united together, squeezing the true body- 
cavity (and, incidentally, the whole lym- 
phatic system) out of existence. Further, 
the colour of the blood is different. Instead 
of our red oxygen-carrying pigment haemo- 
globin, the lobster has a pale-blue pigment 
called hamocyanin^ with copper in it instead 
of iron, and instead of being contained in 
special circulating cells this pigment is 
diffused, dissolved in the blood-plasma. 

Within this vast blood-space his various 
organs are disposed, and, as a glance at 
Figs. 5 and 78 will reveal, the manner of 
their arrangement is quite different from that 
of a vertebrate. The lobster’s central nervous 
system runs along his belly ; his heart 
is in- the middle of his* back ; his kidneys 
and bladders lie in his head and open at the 
bases of the antennae a little way in front of his 
mouth ; his or her testes or ovaries (as the 
case may be) are placed between the heart 
and the intestine. 

As we look more closely into the working 
of the lobster’s organs we arc impressed ever 
more clearly by his pervading unlikeness to 
ourselves. In illustration of this point let 
us follow the course of his food. Our 
specimen, we may note, eats anything that 
he can pick up, with a strong preference for 
animal food — such as smaller crustaceans, 
molluscs, and worms, or any kind of carrion. 

The lobster has no mouth comparable 
to ours, with lips, tongue, teeth, salivary 
glands, and so on ; the very thorough chewing 
that his food undergoes is done partly by the 
jointed limbs and partly in the so-called 
stomach. The food is generally seized by 
the large claws and passed by them to the 
first or second pair of walking legs ; these 
in their turn hand it to the last pair of mouth- 
appendages, the third maxillipedcs, which 
tear it to shreds with their rows of sharp 
teeth. Thence it is handed in turn to the 
second maxillipedcs, the first maxillipedcs, 
the second maxillae and first maxillae, all 
appendages which do but little chewing of 
the food, and finally it comes to a pair of 
powerful cutting and grinding jaws, the man- 
dibles. So the food undergoes a thorough 
mastication, and only when it has been 
finely minced by this living canteen of 
appendages is it allowed to enter the mouth. 

From the mouth a short gullet leads to 
the stomach. This stomach is not only a 
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beautiful but complicated set of niuscl** 
and hard levers of chidn, the gastric 
which bring about the gnashing together .i 
three powerful teeth. By these teeth th 
food is reduced to pulp, and at the 
time it is acted upon by a digestive 
which oozes forward from the so-called live/ 
And here let us interpolate a ^\arnin^ 
about the names applied to these varioil 
organs. That part of the lobster’s body 
which is called his abdomen is ob\douslv 
unlike our abdomens ; it is difi’erently 
made, and it contains different structurj 
Nevertheless, the pioneers of comparative 
anatomy, men with nimble hands and 
clumsy tongues, could think of no new word 
to attach to this highly characteristic 
structure. They called it abdomen, and 
abdomen it has remained to this day 
Similarly with the lobster’s inside. His 
stomach does hot correspond to our .stomadis 
and his liver— so called because it is a large 
gland communicating by means of a narrow 
tube with the beginning of his intesline- 
is utterly distinct, both in its minute striic- 
ture and in its working,, from our own. 
When we compared a fish to a mammal 
we found that both organisms had on tlic 
whole the same set of organs, working on 
the whole in the same way. We can spealt, 
without any fear of misleading ourselves, 
of the liver or stomach or spleen of a lisli, 
because these organs in a fish are essentially 
the same as our own. Right down to 
Amphioxus there is a liver. But a lobster 
is put together in a different way. He has 
no spleen. His “ stomach ” is differently 
made from ours and does different thin^- 
He has no organ that coiTcspond.s cither in 
structure or working to our livers, and we 
have no organ corresponding to his. h 
would be clearest and best to invent a new 
name for every organ in the lobster’.s body, 
but unhappily this has not been done; 
we shall have here to follow the general 
usage and apply the old terms, remembering, 
however, as we do so that every one of them 
is a misleading misfit, borrowed from ^ 
alien organism. 

The lobster’s “liver” is an enormoi^. 
tubular gland, manufacturing every one 
the digestive ferments that nave yet ^ 
discovered in the animal ; m this res^^ 
it corrjjsponds to our salivary, 
intestinal, and pancreatic glands comm 
It also stores glycogen ana fat, 
our liver in this respect at feast fittt 

these substances it dtflfewftom all our 8 
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in stc'i ing y lobster, being enclcwed how far they arc peculiar to the lobster or 
jn a I armouring, has to moult from time to that smaller group, the class Crustacea, 
to tin 1 1 so that he may grow, and calcium to which he belongs, 
salts K ciuired for forming a new shell are The abdomen of a lobster, we noted, is 
stored m readiness in the liver. The gland composed of a series of hard segments, 
lacks the most characteristic feature of a flexibly jointed together; each segment 
vertebrate liver, the portal vein, and is in bears a pair of appendages. The cephalo- 
no sense a scrutineer of blood from the thorax, on the other hand, has a single 
bowels. Lastly, it resembles our intestine, shield of armour and bears thirteen pairs of 
for food actually travels into its ducts and limbs. Now, when we examine other 
lubulcs to be absorbed. arthropods, we find that the segmental plan 

From the gastric mill the food is passed of structure, as illustrated by the lobster’s 
into a smaller chamber, provided with an abdomen, is a very important one. It 
elaborate apparatiw of sieves and filters, underlies the organization of the whole 
where it is sorted into two fractions. The group. In many arthropods, such as the 
roarser particles pass into a long, cylindrical centipedes , or some of the smaller and less 
intestine, whence much of their’ nutritious specialized crustaceans, the greater part of 
matter is alisorfccd and whence their residue the body consists of a chain of hard segments 1 
is ultimately voided. This fraction is of jointed together and each bearing a pair ' 
iminor importance. The digestive juice, on of appendages and, indeed, all the members 
!tlu’ other hand, carrying most of the food of the group are best regarded as modifi- 
matcrials ( ithcr in solution or in suspension cations of chains of this type. In a lobster 
as fine particles, is sucked back into the the first thirteen segments are solidly welded 
tubules of the liver, and here the greater together, forming the cephalothorax, only 
pat t of the absorption of food takes place. the appendages remaining distinct from 
No need to stress the profound dissimil- each other ; in other arthropods the under- 
arity between these digestive arrangements lying plan has been modified in other ways, 
and our own. A comparison of any other Imagine a chain of segments — an enormously 
s^stral of organs w'ould give the same extended lobster abdomen ; each segment 
’'psulis. We should find just the same dis- with an armour skeleton outside it and 
UK livrncss throughout. In the disposition bearing a pair of jointed appendages. That 
ind dynamics of the circulation, in the would be a diagrammatic, generalized 
udnrys, in the astonishing compound eyes, arthropod. By playing on such a scheme, 
MU in the way the blood clots we should by varying the number of segments, by 
iiid this profound and pervading difference wielding some together and keeping others 
roin ourselves. A lobster is a living distinct, by modifying and adapting different 
Tf'ature ; his individual cells work in much appendages for the performance of different 
he same way as ours do and their chemical functions, all the various existing arthropods 
^nd physical needs arc the same as ours, could be evoked. 

hit dll the arrangements which arc made to The idea that the arthropods are variations 
iitis\ those needs are different. He is a upon a pervading segmental chain can be 
^cii-coinmumty, as we are, but he is a com- applied also to their internal architecture, 
nunity organized on a different plan. All arthropods live inside their skeletons; 

all have a general body-cavity filled with 
§ 2 pale bly^blood ; all have a nervous system 

The Arthropod Plan of Structure running along the lower sides, and if, as is 

A nin I . , r . . usual, they possess a heart it is in the back, 

llasdfipi' ? different kinds of animal are But the various structures may shift to and 
Hivliim ^ L ^®^^ster in a separate fro along the length of the body, from 

rates ar ' h . ^ ^ verte- segment to segment. The heart, for cx- 

ecaiisp ^ ^ together in one phylum, ample, may be a relatively sm^l organ 

ation il! ! g^^r^eral plan of their organi- placed in the middle of the back as in the 
rofounriK? Other and arc lobster, or it may be a long tube running 

features iv^! from other living down most of the length of the body, with 

> the Lu i introduced ourselves a pair of valved openings in each segment, 
'^^ofits ] ^^^J^ining in some detail The position of the excretory, respiratory, 

stematic mi ^ before pawing to a and reproductive organs varies widely, 

f^akccli others it will be best And the structure of the digestive organs 

F Rpner ,1 1 points we observed varies— there may, for example, be no 

[ s Icatures of the arthropodj and gastric miU. • 

lag 
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And now for a rapid review of the five 
great classes of arthropods, to note the main 
changes that have been rung on this under- 
lying theme. 

§ 3a 

Shrimps, Crabs, Water-fieas, and 
Barnacles 

The first class of arthropods, the Crustacea, 
includes a great and varied assemUI^e of 
forms. Nearly all of these animals are 
aquatic, breathing by means of gills, and most 
of them are marine — ^indecd, they are the 
only great group *of marine arthropods. 
The more familiar fonns — ^familiar because 
they are the largest and also because 
they are edible — are the loiters, cra^sh, 
prawns, shijrpps, and crabs. These anunals 
are" all very similar to each other. A crab 
is essentially a lobster who has given up the 
abdomen-flapping method of swimming, 
and whose abdomen, small and feeble, is 
permanently bent forward under his 
broadened cephalothorax. The hermit- 
crabs also belong to this group ; they are 
loEster-like creatures whose abdomen is 
not hard, but soft and delicate, and who have 
therefore to wear the deserted shell of a dead 
sea-snail on their hinder parts, not for 


modesty, but as a protection againn^ many 
prowling and hungry creatures oTOiC itii, ^ 

Other crustaceans, not quite so well 
known, are the wood-lice and the group 
including the so-calleiTfresh-wat^shriinps^ 
which differ in a number ofTmporiant 
points from the true shrimps. 

Besides these easily visible forms there 
are several groups of minute crustaceans 
seen only as whitish specks to the naked eye* 
but nevertheless of great economic import- 
ance. Cyclpps, a one-eyed, literedly heart- 
less crustacean, hardly a millimetre in length, ‘ 
swarms in countless numbers in lakes or 
pools or slow streams ; this and the slightly j 
larger Dapl^a are among the commonest 
inhabitant ^of fresh water. The name 
“ water-fleas,” often applied to these animals, 
is misleading, because they feed on even 
more minute organisms and not, as fleas do, 
on the blood of larger creatures. Daphnia 
is particularly and deservedly popular among 
amateur microscopists because her body 
(nearly all Daphnias arc female) is so trans- 
parent that all her living organs, her beating 
heart and her churning bowel, can be 
watched with ease under a low power. In 
the surface layers of the open sea there are 
prodigious numbers of minute crustaceans 
belonging to the same group as Cyclops, 



Fig. 81. The growing Hermit Crab changes into a roomier sMl (l"-4)f 
another crab with sea-anemones on his shelC-a corrmumly femd 

kinds of creature. 


124 



jtiE SECOND GREAT PHYLUM: THE ARTHROPODS 


the 
(rrcli^ 
tudc 

kind of* marine 
aiiini.il except 
^j^(> unicellular 
ones, and pro- 
viding one of the 
most impoitant 
sources t)l food of 
fishes, d’he late 
Sir Alt fair Ship- 
inhisdclight- 
Hunluig Under 
Mill 0 scope ^ 

; : If on a 

t’oyugeyou tie 
ece ol bolting 
h loosely to 
■ bath-tap 
ich introduces 
salt\\atcrinto 
bath, in a very 
rt tune you 
1 find a deposit 
paste at the 
tom, which in 
main consists 
( opepods.” 
V whole of the 
is like that, 
ere an* more 
p e p (j (1 s in 
minuth Sound 
in there are 
)plc in *the 
rid— indeed, 
re aie hun- 
'ds of tiriu^ 
irc. 


^n“uW- 
uny other 



»^e may note that crustaceans, like the 
at majority of arthropods, enclosed as 
y are by a hard, unyielding coat of armour, 
to moult that coating off from time to 
1C so that they may grow. The life of a 
'ster, for example, is a rhythmic altema- 
n of two slates. For a time he lives in his 


'if not growing, but storing in his live 
' ^ntenals necessary for a short bi 
hurst of growth ; then he rctirt 
I sale cie\ ire in the rock and casts off hi 
armour, bu 

; he lining and teeth^of his stomach an 
intestine — and, temporaiil 
dess and helpless because of me sofl 
^d^pendages, he tiscs the store 
la to and then to build a na 

CL' T^ aonc, h 


During the earlier stages of their life- 
histories the Crustacea generally undergo 
one or more profound changes of bodily 
shape. The young are very i^ikc the old. I 
Wc need not catdogue the different larval > 
forms that arc found in the various groups ; 
some of them arc shown in the illustrations 
herewith. 

The most striking changes of shape during 
the life-history are seen in the group to 
which the barnacles belong. There is no 
very evident resemblance between the lob« 
stcr, with which we began our account of 
the Crustacea, and an adult faa pia cle^ 
permanently fixed as it is to a rocker to 
some other hard object, shut up in a little 
box of skeletal plates, and feeding on minute 
organisms in the sea-water which it entangles 
bv means of lashing movements of a cluster 
01 long, feathery^ whip*iike arms* Nevap* 
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theless, the barnacle begins its life as a free- 
swimming larva which is obviously a 
crustacean, and later settles down and 
changes its shape to suit its new sedentary 
life. It does, in fact, very much what the 
sea-squirt does. In a parasitic animal, 
Saqculina, which is classified with the 
barnacles, the change is even more profound. 
The newly hatched Sacculina is a free-living 
creature with outside skeleton, limbs, eyes, 
heart, and so forth ; but, a sign of its 
destiny, it has no digestive tube. It moults 
and acquires a new form, in which it resem- 
bles one of the water-fleas, Cypris, much as 
an embryo man resembles a fishT^nd it then 
swims around looking for a crab. Having 
found a suitable victim, it settles down 
somewhere on his body, loses its structural 
specialization to become a mere mass of 
hungry cells, and burrows through his 
armour into his blood-stream. By the host’s 
blood the parasite is nourished, and it rolls 
hither and thither for a time, moved by the 
currents of blood in the body-cavity. Finally 
it settles down in the back part of the cepha- 
lothorax, just under the abdomen, and 
becomes a mass of parasitic tissue (Fig. 
82) ; it sends greedy roots into every corner 
of the crab’s body (excepting only his heart 
and his nervous system, for no provident 
parasite kills its host) and sucks nourishment 
from his tissues as a plant sucks moisture 
from the soil. Thus all its chemical needs 
arc satisfied, and the only care left is repro- 
duction ; it becomes a mere mass of ova 
and spermatozoa (for it is hermaphrodite) 
with a halo of absorbing roots, and ends its 
career by fertilizing its own eggs. 

Sacculina is by no means the only parasite 
among the Crustacea. Altogether some 700 
parasitic species are known — and these are 
only a small proportion of an enormous and 
varied class. 


§3b 

Spiders, Mites, and Scorpions 

The second class of arthropods, the 
Araclmda, includes a great number of land- 
living animals. The better known kinds— 
such as the spiders and ticks — may be 
distinguished from other lancflrving arthro- 
pods by their possession of four pairs of 
walking legs. 

Many of the land arachnids possess a 
curious method of breathing, found only 
in this class, in the insects and the centipedes, 
and in that curious little animal, P enpatu s. 
The body is permeated by a braiKhing 
network of air-tubes or trachea, stiffened by 
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rings and spirals of chitin and OMming lo : 
exterior at a number of places On the body,] 
wall. Air is pumped in and out of 
tracheae by means of rhythmical movernentj 
of the body — movements that can be sceJ 
very clearly in the abdomen of a wasp^ajj^j 
it is carried by the fine end-branclies op 
the tubes directly to the tissues themselves 
There is no need with a system of this kind 
for the blood to transport oxygen or carbon 
dioxide ; the tracheae arc a device for putting 
all the tissues of the body in immediate 
contact with fresh air. But some arachnids 
have, instead of tracheae, a lung-like structure 
in which the blood is oxygenated, and a few 
have both mechanisms together. 

The carnivorous spiders are the best, 
known members of the class. They include 
besides the cruel, skilful architects with 
whose snares we are familiar, a number 
of prowling and hunting forms which capture 
their prey by stalking or chasing it, and 
which have no need of webs. The phab- 
gid^ or harvest-men, little round 'Mes 
moving on eight long, stilt-like legs, are 
put in a separate order from the spiden 
because their body is not divided in two by a 
waist, like that of a spider. To the arachnids 
belong also the scor pio ns and one or two 
small and comparatuSely unimportant orders, 
But the order which is most important to 
man is the great army of n^tes and ticks, 
some biting us, suckine our bldo 3 , burrouing 
into our flesh and iniroting us with various 
diseases, some attacking our cattle, some 
producing galls in our crop! and forests, 
some living innocently, as far as wc arc 
concerned, in ponds and ditches, blasted 
trees, old cheese, and all sorts of other places. 

The class also includes that curious 
marine creature the king-crab, covered by 
an enormous circular taJapace, and sug- 
gestive of a small boy crawling about under 
a tin bath with a broomstick trailing behind. 
And there b an extinct group of 
marine arachnids, the s ^-scorp ions, some a 
which were as much as eight feet lonS- 
In the remo^ geological past, before even 
the appearance of tnc earliest vertebra^ 
the sea-scorpions were the bullies of tn_ 
world, the strongest and most impressi 
living things, 

* § 3c ' 


InsedAs 


The huaUd are an enormous group 
the rich variety oS thek 
every other class in the Animal ha 


every 

indeed, 


there ju« spccies 
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Fig, B3. The Cocho^ cleans himself and fiies away. 


oiii‘ than of all other animals taken 
igclhcr. Butterflies, moths, dragon-flies,! 
jcllcs, gnats, mosquitoes, house-flies, blow- 1 
bot-flies, daddy-long-legs, bees, wasps, 

, fleas, bugs, lice, termites, grasshoppers, 1 
vigs, cockroaches — these are the raostj 
iliar forms, but there are many others, 
the most part they are mere nubances. 
1 C, It must be admitted, are aesthetically 
'lying, and a few, such ais bees and 
linafl bugs and those insects which cat 
ds or other insects or those which fertilize 


/ers, have been found actually useful to 
1 ; but these are the few bright excep- 
ts in a vast family of bloodsuckers, 
gers, spreaders of disease, and devourers 
rops. They arc a distressful aspect of 
tion. Jhey are a hard problem for 
theologian. 

ome ()1 these animals liv||iin water — the 
ol gnats and dragon-flies, for example, 
tlie air-breathing water-beetles — but the 
Ji^cr number are land-living forms, and 
' he spiders they breathe by means of a 
7‘.ol air-tubes or trachea. They may 
^^hnguished from other land arthropods 
Iinssession of three pairs of walldng 
' in addition, the great majority of 
characteristic feature 
‘ Alone among invertebrates, 

I conquered the air. unless 

! consider that the ' 


gossamer spider who 


floats along parachute or balloon fashion on 
his slender threads is also a conqueror. 

The wings do not correspond to any of the 
appendages of a crustacean ; they arc 
different structures, sprouting, not from the 
belly, but from the back. Typically there 
are two pairs of wings — as for example in 
the dragon-flies, where the wings are 
transparent and delica tely veined, in the 
butterflies and moths, where they are coloured 
and dusted over with prettily constructed 
scales, and in the bees, where the front and 
back pairs are fastened together by hooks 
so that they may beat together more accur- 
ately — but this arrangement may be de- 
parted from. In the beetles only the hinder 
pair is used for flying ; the front pair of 
wings forms a hard, opaque casing that 
covers and protects the delicate second pair 
when the latter arc not in use. In the mos- 
quitoes and commoner flics, on the other 
hand, the front pair arc the ones which arc 
used as wings or should be used ; the hind 
pair arc developed as tiny knob-like struc- 
tures, the so-called “ balancing organs.** 
Finally, many insects, such as the fleas and 
the spring-tails, have no wings at all. 

A second respect in which the insects 
excel over other invertebrates is the sur- 
prisingly efficient degree of communal 1 
organization to which many of their species 
attain. There is only one other animal— 
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man — ^>vhich surpasses them in this respect. 
With the division of labour and consequent 
specialization of individuals that is found in 
bees, antSj and termites, and with the 
fascinating problem of the insect mind we 
shall deal in later chapters ; as we shall 
be returning to these and other questions 
about them, our present treatment of the 
class may be brief. 

There is one consequence of the possession 
of wings that is worth noting. The arthro- 
pods, as we have seen, have to moult in 
order to grow, and the insects are no excep- 
tion to this rule. But it is appaasntly 
impossible to moult the skeleton of a wing 
and then to grow it again. An insect’s 
wing is a delicate, tenuous structure ; it 
consists of little more than a double film of 
chitin with an invisibly thin layer of living 
tissue in between. If the stiff outer film were 
cast off the inner layer would be quite 
unable to retain any sort of shape. For 


which are the rudiments of the 





Fig. 84. Peripatus — a link between Arthropod and Worm. 


this reason, the winged stage of an insect’s 
life is invariably its last. For most of its 
life it simply creeps and eats and grows ; 
once it has developed its wings it cannot 
I moult and its growth therefore ceases. 
During its long childhood the insect is called 
? i often brief final stages, when 
it nS and reproduces its kind, it is called 
an adult or imago. The difference of 
duration between the two periods may be 
very striking ; in some of the may-flics 
the larva crawls and feeds for two years or 
more as a preparation for one day of winged 
love-making. 

In some insects, such as the earwig or the 
dragon-fly, the transition froir^arva to* 
adult is comparatively gradual. The larva 
in such forms is often distinguished as a 
‘‘njTMh.” The dragon-fly larva lives at 
the Doltom of a jx>nd, snatching and devour- 
ing tadpoles and other creatures by means of 
the hinged mask ” that projects from its 
face. From time to time it moults, and after 
the third or fourth moiilt there appear on 
its back two small backwardly directed lobes, 
I9d 


During the later moults these rudimentji 
increase in size, and at the same time * 
system of tracheae develops in the bod 
Finally, often as long as a year after hatching] 
the fully grown nymph crawls up a we^ 
or some other object that projects from 
surface of the pond into the air and t 
final moult occurs. When it has found 
suitable place, it pauses for hours, soinetim^^ 
even for a whole day ; then abruptly 
nymph-skin splits down the back and the] 
tender body of the imago comes out. Thci^; 
is then a period of almost volcanic expansion 
before the outer skeleton dries and stiffens 
The wings, at first small and moist and 
crumpled, expand and straighten very 
quickly ; the body alters its shape. In 
few hours the body is well formed and i 
and after a few tentative movements, _ 
adult dragon-fly sails off to hunt and devour^ 
other insects and to breed until the chill ofj 
winter puts an end to 
its life. 

In other insects, sudii 
as butterflies, beetl(s,j 
bees, and house-flie^j 
the metamorphosijj 
from larva to imago i$| 

I more abrupt. Tlic| 

I butterfly larva, 

I caterpillar, is a vora*! 

^ cious soft-bodied gniiil 
with hardly a trace inf 
its body of any of th 
structures that it will possess when it is adult 
The fully grown caterpillar, when it is re£ ‘ 
to moult for the last tme, generally encli 
itself in a bed of silk and then undergoes 
scries of profound changes. First it moi 
and assumes a form resembling more m 
that of the adult. In this stage, as a 
it remains for weeks or months, and dun* 
this time its organs arc reconstructed 
drastically indeed, undergoing almost com 
plcte liquefaction in the process. Fin^ 
as with the dr^n-fly> a limp and c rumpl 
butterfly erofm, to expand and diyi 
wings and take to the air for its 
minating experience rf Kfe. 

Ssd 

.CenHped$s mi Millipedes 

The class Mfri^M ililwdcs a 
land-livii» arfflRwbds, ^eathitig by 
of trachea^ and hJttdttg long sejpe 
bodies with from fitoe to over a bundr^ 
fifty pairs legs, arranged 

the 



T!IE SECOND GREAT PHYLUM: THE ARTHROPODS 


jjibnonic development and in other rc- 
pfcis liey show many resemblances to the 
Ijsecis The best-known members of the 
roup ‘t'c the flat-bod ied centipedes and 
rounded millipedes ; they may be 
[istiuguidied ByThe fact that in the latter 
i)()(l\ -segments are welded together in 
>airs, so that there appear to be four legs to 
lach segment, while m the former there are 
inly two. The centipedes are fierce, active 
rcatiues, stalking small invertebrates and 
illing them by means of their strong, 
oisonous jaws. The millipedes are in- 
flVnsive plant-feedersy with a preference for 
ecaying plants ; their bite is not poisonous, 
ut some of them, if seriously disturbed, can 
(ucle a loul-smelling fluid in self-defence. 

§ 3e 

Peripatus 

Hiialh we come to a class, the O nych o- 
oui, containing a few species only, all 
Imigiiig to the single genus P eripa tus. 
1C animals arc humble creaturesTtound 
ding iiiidei stones or damp bark in South 
iicrira, Africa, Malaya, and Australasia. 

) the layman they are harmless uniin- 
irtcint giubs, but to the zoologist their 
atomy is full of interest. 

Peripatus differs in a number of important 
ipects fioni other arthropods. Its chitin- 
s iiiieguiiKMit is comparatively thin and 
let with little spiny warts ; being flexible 


it shows no jointing on the limbs or division 
into body-segments. The numerous append- 
ages show less specialization of structure than 
do those of other arthropods. In its general 
appearance the animal looks half-way 
between a centipede and a worm. 

In its internal anatomy the animal shows 
many arthropod features. It has a body- 
cavity that contains blood, simple un- 
branched tracheae, and so on. But in other 
respects it rcsembles the worms. It has a 
series of kidney-tubes, one pair corresponding 
to each pair of legs like the kidney-tubes of 
an earth-worm, and its central nervous 
system, instead of lying along the belly, 
forms two distinct cords running along the 
two sides of the body and connected together 
by regular communications like the rungs of a 
ladder — a condition that is paralleled by the 
flat-worms and by some molluscs. 

And in its development, it, like sea- 
squirts or Sacculina, drops clues as to its 
afiinities. Early in embryonic life, it has an 
ordinary blood-system, with veins and arter- 
ies, and an ordinary body-cavity with no 
blood in it, just like a wonn. Gradually 
some of the veins enlarge, compress the 
original body-spaces into insignificance and 
become the blood-filled body-cavity of the 
adult. 

Peripatus, then, is an arthropod which 
shows many resemblances to animals of other 
phyla, particularly the segmental worms ; 
it seems to bridge much of the gulf between 
the arthropods and this latter rtoud. 
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§ I 

Other Animal Phyla 

W E have spoken already in our intro- 
duction of the dumps used by the 
early biological classifiers. At first the only 
real phylum of animals to be picked out was 
the vertebrates. The remainder was all a 
miscellaneous dump labelled (wrongly) 
“ Bloodless Animals.” The next great phy- 
lum to be separated away from this confused 
heap was the arthropods we have just dealt 
with. Linnaeus (1707-1778), the father of 
precise biological classification, made the 
distinction, using the word “ insect ” to 
cover all the arthropods — but he did not 
regard the arthropod division as equivalent 
to the vertebrates ; he grouped animals into 
the six classes — mammals, birds, amphibians 
(including also the reptiles), fishes, insects, 
and worms. This last class, the “ worms,” 
is his dump ; here all other creatures were 
left together because as yet there was 
insufiicient anatomical knowledge for them 
to be sorted out. 

Gradually we have come to realize that 
quite a number of other phyla — of other 
“ general ideas ” and general plans of 
animals, that is to say — exist in the Animal 
Kingdom. We have, we hope, made clear 
that there is no sort of precedence or subor- 
dination between these phyla. The lobster 
is not lower or higher than the frog or fish. 
He is altogether different. He belongs to a 
different series of experiments that Nature 
seems to have made. So, too, we now 
recognize another very important and various 
phylum, another plan of living mechanism, 
in what are called molluscs (such as (mters, 
mussels, snails, squids 71 )Ctopuses), and* yet 
another in' the ccTTinodcrms (the starfish, 
sea-mchins, sca-cucumbers, and sea-lilies). 
There are three perfectly distinct phyla of 
worms, the segmented worqis, the ro^d- 
worms, and the flatwSrms, each a large and 
important group. And there arc the phylum 
of jelly^^and polyps, the phylum ofspqpgps, 
and the^ylum of animals toq^all for the 
naked eye to see. But besid«mesc there 
arc other phyla, which give a less ample 
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spectacle of range and variations. 0,^^ I 
might speak of them as Nature’s less success-] 
fill or less versatile trials. She is like an 
enterprising manufacturer who has put a 
number of devices on the market and followed 
up those that caught on. The chordata, 
when it got to the vertebrate pattern, was 
a huge success, and the call for arthropods 
was steady and abundant. Both these phyla 
conquered sea, land, and air. The molluscs 
and flatworms and roundworms went well 
the segmented worms and echinoderms went 
fairly well. But certain other phyla, wc 
shall note, never ran away with mattetsin 
that fashion. The zoologist to-day has stil 
to wind up his tale with a collection of odd 
and apparently unrelated things, minor 
phyla, and at last something it will be most 
truthful to label “ et cetera.” There arc 
phyla Nature has not gone on with; in 
the past there may have been endless phyla 
she has set aside and ceased altogether to 
produce. 

To each of these less exciting patterns of 
animal construction we will devote only a 
section or a part of a section here. That 
must not hide from the reader that we m 
dealing with phyla, with series of lundamen- 
tally different lands of animal body, each, 
from the point of view of physiological 
mechanism, as important as the chordata and 
the arthropods. 


§ 2 

The Molluscs 

Molluscs arc creatures nearly all of whic 
possess shells— <loublc (bivalve) shells Iw 
those of oysters, clams, and wkles, sing 
hollow shells i^c^'Thosc of ^ 
embedded in the body-wall like the hon 
of a cuttle-fish. Except for these shell** 
are soft-Bo3lcd, without ^y skeleton. , 
arc not segmented as artlbfiufKxls arc, bu 
blood is coloured pajifijtdue with 
like the blood of a crustacean. I n 
majority of cases (the shell of the , 
being a notable exception) 1 pij 
do not form accurately defined ban r 
ing on jointed skeletal levers, hhe 
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closing 
Shell 


^ ni iscles of a vertebrate or an arthropod ; 
ii I (;motor apparatus consists generally 
.ipparently disorderly tangled mass of 
sck-iibres, the so-called “ foot,” an 
aiimnicnt which leads to plasticity rather 
11 piccision. 

I hi‘i( are five^^asses of molluscs, of which 
y tliKC, the bivalves, the snails and sl^s, 

I tlir octopuses and cuttle-fish are of 
[icit rii importance to mention here. 

rh(‘ bivalves, or La mellib ranchia, are all 
iati( and most of them marine. They lie 
wren two hard shells which are hinged 
(^thrr <iloiig one side ; by means of power- 
nmsclcb the shells can be pulled together 
rnclobc the animal completely when any 
ii^ri threatens. The poor thing’s only 
31 1 to hostility in most cases is just to 
am tlu' door.” If man must go to 
ani, dial arthropod, for lessons 

II list sluggishness, it is to the 
irlhbiaiich he must be sent to 
in his violence and anger. Some 
.hrsr animals, like the fresh-water 
isisrl, creep sluggishly about by 
ans of that lobe of muscular tissue, 

" loot/’ w hich they protrude from 

shell. Some, like the heavy- 
lied o)ste!, or the common blue 
iss('l of our shores, that attaclies 
:lf firmly to rocks by means of a 
L oi adhesive threads, do not move 
)nt ai all. Some, like the cockle, 
kh can jump by means of a 
iiig-lik(‘ action of its “ foot,” or 
scalloj), that swims by rhyth- 
-alK opening and closing its 
11 -flaps, aie surprisingly active 
atiues. riic scallop is a marine 
tterfly ; to guide it in tlic long 
hts which it takes it is provided 
h a low of glistening eyes just inside the 
i/'f each sliell. To ourselves the bivalves 
iinpurtani for three chief reasons ; firstly, 
l^use most of them are good to cat, 
r I- oyster makes pearls, 

’ ^ ^idh, because some members of 
l)()n holes in wood or rock, and 
«i damage in this way to 

j Jrcakw aters, wooden ships, and the like. 

malvcs hye by passing a continug^ 

1 whi r ^lirough the shell, a curre it 
utc i! \ extract oxygen and the 
thev r. T ^^1 matter upon 

fwasifl f which they shed 

»ost di'n'.'f opening a mussel, 

isdvk “a that present 

h ““^po-callcd ••gills,” the 
lotion, i tr?. *}? current of water 

gills are not primarily 


breathing organs at all ; they are elaborate 
filters, like the pharynx of Amphioxus or a 
sea-squirt, through which water is worked 
by means of cilia, and which collect sus- 
pended particles of food and pass them down 
to the mouth. 

Some of the most important points in the 
anatomy of these creatures may be seen in the 
figure below. Perhaps their most bizarre 
feature, in vivid contrast to the scheme of the 
two phyla previously studied, is the fact that 
the intestine runs actually through the 
ventricle of the heart. 

The second class of molluscs, the Castro- 
is also the largest ; it includes"^e 
terrestrial snails and slji^gs and the whelks and 
wmkle.s of the sea. There arc about 6,ooo 
terrestrial and io,ooo aquatic gastropod 
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Fig. 85. A Scallop after removal of one valve of the shell, 
showing where some of the more important organs are placed. 

species living to-day, most of the latter being 
marine. With them the “foot” is a flat 
muscular sole to the body lump — hence thef 
name of the class, from the Greek for stomach ! 
and foot. They go on their stomachs ; andl 
most of them bear on their back a spirally^ 
coiled shell into which they can retire when 
they choose. In some forms the tail of the 
“ foot ” carries a hard chitinous plate, so 
arranged that when the animal retires into 
its shell tlic plate closes the opening of the 
latter like a lid ; in some, such as the power- 
fully adhesive li mpe t, the shell is not spirally 
twisted at all, GuT forms a flat cone under 
which the animal cowers ; in some, such as 
the it is of no use as a protection, 

being represented by a tncrc thin plate of 
chitin embedded in the flesh of the back ; 
in many garden slugii^crc arc only a few 
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limy granules in this situation, and finally in 
some sea-dugs the shell is absent altogether. 

Many gastropods are carnivorous and so 
the class falls below the moral level of the 
inaggressive lamellibranchia. The whelk, 
for example, bores through the shells of 
oysters or periwinkles and sucks out their soft 
bodies. The^^ajority, however, feed on 
plants. The garden snails and slugs, rasping 
away the leaves of plants by means of their 
tongues, which are set with fine, serried 
teeth like a file, are a serious nuisance to man, 
a nuisance that more than counterbalances 
the edibility of the whelks and limpets and 
winkles and Roman snails, and labels the 
class as a whole as a troublesome one. 

Some of the marine gastropods are pelagic 
— instead of crawling slowly over the sea- 
bottom they swim freely in the surface waters ; 
the “foot** is expanded into transparent 
undulating wings by means of which the 
animal glides through the water. The 
ordinary pond-snail can often be seen in a 
sort of slow, writhing swimming just below 
the surface of the water. These pelagic 
gastropods develop this idea. 

The third class of moUusca, the Ce i)hfiloj^ oda, 
is more exciting, including as it does the 
cuttle-fish and octopuses. There are com- 


paratively few species, aU marine ; ne\'ertli*i 
less, its members arc the most highly org^ 
ized molluscs, and perhaps the most higjr 
organized invertebrates. Further, they^jj 
elude by far the biggest invertebrate aaimJ 
jfor giant cuttle-fish have been recordt d 
/fifty feet long. Their name means “ head! 
^footed”; for the “foot,” a tongue-Iih 
body in the lamellibranch and fiat und^j 
neath in the gastropod, here grows fbrwai^ 
to surround the mouth and is prolonged into 
flexible arms. 

The majority of living ccphalopods capture 
their prey— which consists chiefly of cru*. 
taceans and fish — by stalkir^ a^lid pouncing 
upon it. The circle of writhing arms suJ 
rounding the mouth is provided with powcr*> 
fill suckers, by means of which they catch and 
hold their victims. Once captured, the 
is bitten by a pair of jaws, sharp and curved ! 
like an eagle’s beak, and a digestive juice ij 
pumped out into its body firom the captorV 
mouth. The juice paralyses the victim very 
quickly, and then it dissolves and partly 
digests the flesh, the resulting soup being' 
sucked back into the captor’s mouth held 
close to the captured prey. 

The octopuses live mainly on the bottom, 
lurking in caves and crannies, often building 
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Fig. 87. The common Cuttle-fish (Sefia), 


Above on the right in backward flight ; below ^ capturing a crab. 

shelter of stones, pouncing out upon un- structure from the perambulator-shell of the 
specting passers-by and falling on top of female argonaut, and its numerous tentacles 
cm like a parachute of serpents. In the are not provided with suckers. The fossils 
g^its, which are closely related to the known as ammonites are the spirally coiled 
lopuses, the female carries a delicately shells of a vast parallel group of ccphalop^s 
lilt spiral partly in order to protect her that has long been extinct, 
m body but chiefly as a sort of perambula- The cephalopods breathe by rhythmically 
r for carrying her eggs. Both octopuses inhaling and exhaling water into and out of 
cl argouauts have ^ht long tentacles, a large “ mantle-cavity where it passes 
1C cuttlc-hsh and sjgj^s, however, have over their plume-like gills. By suddenly 
1^: th('y ( < )nstitute tuF largest and most ejecting water from this cavity they can squirt 
ried grou]M)flivingccphalopods, and swim themselves rapidly backwards ; this is their 
cough the sea like fish, propelling them- method of flight from danger. The cuttle- 
ves either backwards or forwards by means fish have an ingenious additional method of 
n 1 ( stiiu turrs that run along me sides evading their enemies, depending upon their 
icirjodK s. Of the ten tentacles two are astonishing powers of rapidly changing 
generally kept curled up colour— powers that put a chameleon to 
t to R ^ M ^ suddenly shot shame — ^and upon the inky fluid, sepia, which 

e * the remaining eight they can emit when they wish. A closely 

3re firm! " ! are uscd to hold the mrcy pressed cutde-fish tries at first to mislead its 
ddeH in ]\ caught. Em- pursuers by changing as it flees from white 

ishrli h o* Jnc back of the squids to dark brown, then to a motded colour and 

some ^ ^ so on. If these devices should ^ it has 
Sea-Den ’ ^ ■ shell is a thin, homy another resource. First it becomes very dark 

‘ 1 11 . K ^ it is the white, indeed, and for a few seconds remains so. 

Ns. A 1* fatnilkr to canary Then abrupUy it turns off to one side, escap- 

N cephalopod, the ing in a direcUon at right anales to its original 

r^oii, r swimming near the line of flight ; as it does so it suddenly turns 
\ ^ouih 1* -r ^Wte and at the same time it bdehes out a 

Nspiri! in ^ a beautifully puff of sepia, which travels away in the 

L ^ leii, a shell very difiT^pt in opposite diredion. %^ich has 

■ m 


BOOK 2 


THE SCIENCE OF LIFE 


chapter 


3 


been chasing a dark object, follows the black 
puff ; by the time, it has realized its mistake 
the cuttle-fish has made good its escape. 

These cephalopods are undoubtedly the 
most intelligent-looking invertebrates. They 
have well-developed and grimly expressive 
eyes, and the subtle coiling movements of 
their arms and the rapid and very striking 
colour-changes that they undergo when 
stalking their prey or when pursued are 
suggestive of mental accompaniments. Ob- 
servers who have watched the very elaborate 
courtship of these animals, or who have 
noted the voluptuous writhings of the tips of 
the arms when a hungry octopus devours its 
prey, find it easy to believe that these crea- 
tures can experience a rich variety of intense 
emotions — though it must be admitted that 
we have, as yet, no clear evidence of memory 
or forethought on the part of a cephalopod. 

§ 3 

Echinoderm : ^ Nature's Pentagonal 
' ‘ Experiment 

Most of the animals that we have con- 
sidered so far bear a certaiQ very crude 
resemblance to ourselves in the way their 
bodies are laid out. They have front ends 
where the chief sense-organs and the mouth 
are placed, they have hinder ends, they have 
backs, and bellies on which they crawl. A 
bivalve or a flatworm offers difficulties ; but 
for the most part, by stretching one’s imagina- 
tion just about as far as it will go, one can 
get a crude idea of what the animals feel 
like. If, for example, one were cpvered with 
close-fitting combinations made of mediseval 
armour, and if the number of one’s limbs 
were legion, one would feel not unlike a lob- 
ster, and if one had no arms or legs and lived 
in a pitch-dark tank of warm thick soup one 
would feel not unlike the roundworms to 
be presently described. But with the phylum 
Echinodermata things are different ; with a 
few exceptions they do not know front and 
back, right and left. They are not bilaterally 
symmetrical, as we are. They do not “ look 
before and after.” One cannot imagine 
oneself a starfish or a sea-urchin however 
hard one exerts one’s mind. 

A starfoh consists of a number of arms— 
usuallyHve— radiating out from a central 
disc— but the so-called arm ” of a starfish 
is no more like our own arms than a lobster’s 
‘‘ liver ” is like our livers— indeed, hollow as 
it is and containing viscera, it is more like 
a belly than an arm. Its mouth is exactly in 
the middle of that disc, on the lower side on 
which it crawls ; its anus is in the middle of 
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the upper surface. Its mouth openy 
a loose, baggy stomach ; that leads mto 3 
short intestine ; from the intestine ten lom, 
branches run off, two into each arm^i 
branches not unlike the liver of a lobster ' 
for the finer food-particles go into them to^’ l 
digested and absorbed. If we turned a star, 
fish on to its back we should notice five 
broad grooves radiating away from its mouth, 
and one running along the whole length^ 
each arm ; in each groove there is a serried 
double or quadruple row of little tubes that 
end in suckers. The tubes are muscular 
They can be stretched out or drawn into the 
grooves or waved from side to |ide, and by 
movements of these hundreds of “ tube- 
feet,” gripping the ground by means of their 
suckers, the starfish crawls along. Inside 
its body it has an elaborate system of pipes 
and reservoirs containing a watery fluid 
and opening to the exterior through a 
porous, sieve-like plate, the madreporite, that 
is placed near the anus ; the tube-feet are 
stretched out by forcing water into them 
from this system, and drawn in by allowing 
it to flow back. This “water-vascular 
system ” is quite unlike anything found 
elsewhere ; it is one of the many unique and 
characteristic features of these echinodenns. 

Fig. 88 shows a very common little starfish 
of our shores, A sjerina, crawling along. One 
of its five arms — dt docs not matter which -is 
a temporary liead ; it is curved upwards so 
that the little scarlet eye on the tip may 
(albeit very dimly) perceive coming dangers, 
and the two or three end pairs of tube-feet 
arc extended in the water like the antenna! 
of an insect. The other arms are subordinate ; 
they are simply walking, and not sitting up 
and taking notice. If we tap the front end 
of the leading arm, or if for any other reason 
it occurs to the animal that the direction in 
which it is proceeding is not desirable, that 
arm ceases to act as a head and becomes 
passive ; one of the other arms holds up it! 
eye-spot and waves its tentacles like antenni, 
and the animal follows the new head in s 
new direction. It will be noted that at an] 
one time the many hundreds of tube-fccun 
all pulling together, some working in a direc 
tion parallel with the groove in which the; 
sit, some, in other arms, working across thei 
grooves at various appropriate angles. 
much more applicable to the,^ starfish tn 
to the centipede is the cjjjchrated epigraia 
“ The centipede wa* haf^y— quite ! 

Until the toad in fun , . , ? » 

Said, ‘ Pray, which leg moves after whicn 
This raisedf her doubts to such a pi’*^ 

She fell exhausted in the ditch, 

Not knowing how to run I ** 




Figi 88. Astema, a little starfish, aboy$ life-size, 

Jn I tiu ammnl luu befn turned upside down ; in 2 to ^ it rights itself again, and in 7 it crawls away. In 8 two 
individuals are browsing over a gelatinous colony of sea-squirts. 

The sLirfish feeds on animal prey — colonial large industry for collecting them from the 
ra-squirts or polyzoa or small worms in the reefs of California and the Eastern Archi- 
asr of Ast<‘rina, oysters, mifescls, scallops, pelago. And the spawn of certain sc arpr ehins 
ind so 00 111 the case of^ome larger forms, is eaten in Mediterranean countricTxhe 
ithn starfishes in the case of the seven-armed chief trouble caused by echinoderms is that 
mm, 1 fiey have no masticatory apparatus, some of the larger and more voracious star- 
k’w stat fishes take their victims whole into fishes wreak havoc on oyster beds. 

Iinr luxlics and there digest them ; others There #rc five living classes. The star- 
lold them liy means of their tube-feet and fishes we have *alr^dy mentioned. The 
urn ilirii uw n stomachs inside-out through second comprises the brittle-stars— sur- 
iicir rnouths on to the prey, digesting it out- prisingly active animak with round button- 
iho )()(fy. Sometuncs Asterina may be like discs and very thin, serpentine arms, by 
to hrowse slowly over colonies of sea- lashing movements of which they move along, 
quirts )y means of its everted stomach. The third class, the sea-urchins, cake-urchins, 

inc statlish has no internal skeleton, but and sand-dollars, have“"no arms. Tke last 

letunrPT?^ ^ nourish themselves like earthworms 

erod ^ plates and spines. Scat- by shovelling mud into their mouths and 

iiicnd r *ts body arc little digesting out any nutritious matter that it 

'roun^ nf t pedicellaria— tiny may contain, while the prickly urchins arc 

)n 1 toothed jaws mounted mainly browsers upon seaweed. A sea- 

niashino'^^^ * ®y urchin is a hollow, bony ball bristling with 

Ind dt Ll 1"^^ ^ starfish cleans its body spines, tube-feet, and pedicellarise. Below, 

tvv ^ ^ against its enemies ; in on the side on which it crawls, is its mouth, 

iscd who teeth; the teeth 

^^(‘vs(«rT !! , prey, and sometimes are moved by an elaborate engine of bones 

iVpclii muscles called “Aristotle’s lantern.” 

j exclusively marine Above, at the antipodes, so to speak, arc the 

^ech(^.df /^^sage-shaped trepangs or anus, the madreporite, and the openings of 

’I important luxuly food the testes or ovaries. 

' rn peoples, and there exists a The fourth class ,the holothurians, includes 
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the cott oi^sp inncrs (so called because t!ley of claw-like roots. The se a-!i^ arc 
exude stiSEy' white threads from the anus manendy fixed, Hying at the end of long 
when disturbed, in order to entangle and jointed stalks. ’ 

confuse their enemies), sea-pijddings, s^- A In addition to these five classes thdeare 
cucumbers, sea-gh^ins, and b?dics-dc-mcr, \ curious fossil groups that have become extinct, 
besides a number*^ of curious "Burrowing, We have already stressed the fact < hat in 
pelagic, and deep-sea forms. They arc like the majority of cases the symmetry of an 
sea-urchins that have been softened and cchinoderm is radial-rinstcad of having 
pulled out into long sausages, and in the two symmetrical sides to its body as w e have ; 
process they have acquired bilateral sym- it consists of a number of symnietricaf 
metry, for they creep on one particular side structures radiating out from a central disc i 
of the body with the mouth in front and the It is curious to note that this is only true of tl^ I 
anus behind. Many of them feed like sea- adult. A baby cchinoderm is typically a] 
urchins, shovelling mud into themselves by minute, deUcate, transparent creature swim, 
means of a ring of spade-like tentacles round ming through the water by means of one or 
the mouth. Others consume minute organ- more fringes of cilia that run round its body, 
isms that float in the sea water ; they wave Moreover, it is bilaterally symmetrical ; it 
their sticky tree-like tentacles, entangling the has front and back ends, right and left sides, 
organisms, and then suck them one by one But presendy a set of rudimentary organs 
like a small boy sucking jammy fingers. appears on its left side, rudiments that grow 

The fifth class, the feather-stars and sea- at its expense like a tumour and finally absorb 
Ijli^ are somewhat different from the rest, the whole of the larva, becoming the radiaOy 
They have long, branched arms radiating symmetrical adult. It is as if a lump ap- 
out from a central disc. The feather-stars peared on the left flank of a child of six or 
swim by sinuous movements of their arms, seven and grew at his expense, developing! 
occasionally anchoring themselves for a new organs of its own, finally absorbing al i 
shorter or longer period by me^jpof a cluster his tissues, and giving rise in that way to the 



Fig, 89. A group of Echmdems* 

On ifu left are three Sea-ghtrkins {Cuewnaria) catching and swaUowmg 

Sea-liiieslA^don ) , one swimming and one resting on a sUme. Below rm the Hm ^ .'Iil itn 

a Starfish {Asierias), and above that again a ^a-urcHn {Etdurm), The ^ jj 

several of the anmds, 

136 



uf THER PATTERNS OF INDi;VlpUALl 2 ED ANIMAL LIFE 

lull 11, an or woman“--cxc^t that in the case 
liiiioderms the oi^mzation and sym- 
; very different in child and adult. 


ec 


etr\ 


§4 

Segmented Worms 

Xht' n( xt invertebrate phylum, the Anm- 
ia, in( liidcs such animals as the cartWonrS, 
ic loc clies, and the lugworms — a series of 
aimaTs which are distinclTy like the arthro- 
3 (ls in their organization. They have, 
owrver, no rigid armouring, and their blood 
nes not till their body-cavities but is confined 
ithin definite vessels. It may be red as't 
urs is, or it may be green, but it is neverj 
aloured pale blue by hacmocyanin. In these 
jspects they differ from arthropods. But 
icy have a central nervous system running 
long their bellies, and a long, rhythmically 
}ntracting artery that plays the part of a 
eart running along their backs ; in these 
latiers, and in the way the nervous system 
irms a loop round the mouth, they are like 
rthropods. Moreover, they are segmented. 
k noted that the body of any arthropod 
^ay be logardcd as a modified chain of 
jgments, each of which bears one pair of 
ipendages. riiis type of structure is even 
ore obvious in annelids. The body shows 
series of ring-like grooves that divides it 
to segments ; on opening it |,ip we should 
id that the body-cavity is divided into a 
ries of compartments by transverse parti- 
is corresponding to the rings. Each of 
se segments contains a pair of tubes that 
like kidneys, each contains a ganglionic 
filing of the nervous system, and in many 
ns each contains a pair of testes or ovaries, 
reover, in all anndids except the earth- 
ms and leeches, each segment bears a 
r ol appendages, not jointed but bearing 
s ol bristles, and used in most species as 
nitiye limbs, which strengthens their 
Jmblanee to the segments of arthropods, 
he reader will glance back at our dcscrip- . 
ol 1 t-npjiius he will probably be disposed 

arH li "‘"i authorities who 

wa tiK' arthropods as a sort of higher, 

n development of the annelid . 

St im'i ‘''i'*’'' anneUds. 

t one or 5^*:, ^mrowing .ear thworms 

'species itmT ^ '> 

“ a vil'iiiv • has shown 

I'wortns ^ “ I»**y«* by 

soil, 11 ‘^ning and ttiraing wt» 

animals conmnw^^lI|tijj it, 


quantities and digest nutritious 
niattCT out of it as it passes down their 
intestines ; they defecate it on the surface of 
the ground as “ worm-castings,” In ridi 
garden soil, where worms arc especially 
numerous, there may be over 50,000 in- 
dividuals to an acre ; in these circumstances 
more than ten tons of earth will pass through 
their bodies and be brought to the surface 
in one year, and in ten years this will form a 
continuous layer of finely divided surface 
soil at least two inches deep. In Darwin’s 
own words, “ The plough is one of the most 
ancient and most valuable of man’s in- 
ventions ; but long before he existed the 
land was, in fact, regularly ploughed and 
still continues to be thus ploughed by earth- 
worms. It may be doubted whether there 
are many other animals which have played so 
important a part in the history of tnc world 
as have these lowly organized creatures.” 

^ Earthworms, we may note, are ” herma- 
niale and female in one, and Their 
emT 3 t*aces are reciprocal. This is not by any 
meam the only d^arture from the relentless 
^division of individuals into two sexes that 
plays so im|iilrtant a part in our own social 
life. Snails, for example, are both male and 
female, but in this case the two faculties are 
not exercised simultaneously ; the creature 
takes turns, being now one sex and now the 
other. The edible oyster alternates slowly * 
but regularly between male and female, and 1 
there arc many cases in the invertebrates 
of animals which nonnally start their lives i 
as males, become mature, and then at a cer- I 
tain age tulSi over and bcix)mc female for the 
rest of their lives. The vertebrate way is not 
the only way. Indeed, as we proceed with 
our survey we shall find increasingly striking 
departures from our own way of life, even 
in those matters which we regard as the very 
warp and woof of it. 

The ^ond group of annelids is of less 
economic importance, but it includes a 
• greater variety of forms, all of which arc 
marine. It includes among its hundreds 
of species the graceful, sinuous paddle^worms 
of our shores, the iridescent sea-mouse, the 
lobworm, which is often used as*Bait, and a 
number of animals which live in tubes 
attached to rocks, sea-weeds and tiic like, 
and feed on suspended xnatter, much as 
bivalves or sea^uirts do, by means erf filtering 
crowns of delicate tentacles. 

The thixxl group comprises the Iqecbes, 
terrestrid, freewater, and marine. They 
have suckers fore and aft, and the majority^ 
live by attaching themsdves to oti«5r crea- 
txm an4 lucking Wood. A few, however, 
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are active beasts of prey. The leeches diir 
from the other two groups in a number of 
important respects, so that it is customary to 
divide the annelids into two classes, one 
comprising the earthworms and the more 
varied marine group and the other the leeches. 

§ 5 

Roundworms 

The phylum Nem a^elm inthes or round- 
worms includes a numbS^of worms of plain, 
unassuming appearance but nevertheless of 
great importance to ourselves because a 
number of them are parasitic. The round- 
worms often found in the intestines of pigs, 
horses, and men are typical of the group. 
They have thin cylindrical bodies, several 
inches long, pale buff in colour, and tapering 
away at both ends. Their anatomy shows 
well the simplicity of structure that is often 
found in parasitic organisms. Living sur- 
rounded by digested food, all they have td 
do is to gulp it in to their own bowels and 
absorb it ; they 'have no need of glands to 
manufacture digestive juices, and their 
alimentary apparatus consists i^f two parts 
only — a muscular pump, the pharynx, which 
sucks the juices in, and a simple intestine 
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where they arc absorbed. Moreovci, ^ 
they inhabit a warm, sheltered place and 
have neither prey to seek nor enemies to fear 
their behaviour is almost non-existent 
They have no eyes or other specialized sense, 
organs — indeed, eyes would be useless in the 
darkness of our bellies — and their nervous 
and muscular systems are very elementary 
in structure. They can perform simple 
writhing movements, but it may be presumed 
that they do not do so very often j beyond 
reproducing themselves and occasionally 
dodging an exceptionally violent peristaltic 
wave it is hard to see what movements they 
require. Correlated with this low level of 
muscular activity we find that they possess no 
special circulatory or respiratory organs 
their muscles do so little work that all the 
oxygen they need can diffuse in from outside. 

It is at first sight difficult to explain howari 
animal which spends its life in an intestine 
can get any oxygen at all, and indeed it 
used to be thought that the parasitic round- 
worms depended upon a different kind of 
chemical mechanism for their vital energy. 
But the story has now been made clear. 
When the host-animal is not digesting a meal 
there is very little oxygen, if any, in his 
bowels ; under these conditions the round- 



Fig, 90. A group of Mmru Worms 

Below, left to right, are two iridescent Sea-mUgi Aphrodite), a burrowing Lut’-wo m (Art mcM UfHh its 
a Scale- worm {Leptdonotus) . Above are a bron^-coloured Rag-wormfjfireis), OMnW d^ererU hndi 
~ uiormt {Sabtlla and AmphittiU), spreading their Utiiaelisfor tgpgeH Mfaet, 
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i jiv ] become anaesthetized by the chemical 
1*^ of their own activity and sink into 
[lus-^cd immobility. But when the host 
1^,111 i(s a meal the blood-supply to his 
is increased enormously and oxygen 
\,srs accidentally so far as he is con- 
(1 into the intestinal canal. When this 


ens the roundworms revive and begin 


n('' 

gulj) ; when his digestion is over they 
^ into their torpid sleep. There! 
rhythm in the life of an intestinal round-] 
rm as marked as our own rhythm of day 
1 night ; a period when there is nothing 
ng, and then a period of activity, when 
woild in which it lives begins to 
irn and writhe, and when oxygen and 
ci ai(' suddenly abundant. Instead of 
Ailing and waning light there is dawning 
1 waning oxygen. It is an easy life ; 
re is nothing to fear (except the death of 
host) and nothing to do but sleep and 
illow’ ; the weather is always perfect, 
rlunatt ly, having no brain worth mention- 
. the worm cannot possibly get bored, 
hit then* is another side to the life of a 
r.isiir. Before it can enjoy tliis Elysium it 
> to get there, and it is no easy thing for 
Aonn as simply made as the roundworm 
invad(‘ a mammalian intestine. Con- 
liioiiiK we find that eggs arc produced in 
itnious numbers ~a single Ascaris, it has 
iiierkoned, can produce i 5 ,oo 7 eggs a day 
ind only very few among these thousands 
ich their earthly paradise. In some 
cies, stub as the comparatively hat;m- 
^ Aii(jn\ liqnhicoides of the human bowel, 
eggs pass out with the faeces, and a 
' lucky ones are sw'allowed by a new 
'I floating, for example, in his drink- 
: water -and thus win through. It 
’iuiply a matter of hit and miss, and the 
dific mother makes so many shots that 
y cannot all miss. In other species, 
^veyer, there are more elaborate histories. 

fuc (headed Trich inella spiralis, for 
imple-a worm only aTew millimetres 
‘1? ythc adult lives and multiplies in the 
oi a man, a pig, a rat, or another 
inainmal. The fertilized female 
j^^vys into one of the villi and there brings 
*'7^ y^^^^i^g-*sometimes many thou- 

isHc V'l \ lymphatic 

J I,;. Thus, reaching the cir- 
til th * ^ carried all over the body, 
;;'^y settle down in the volunta^ 
^tthem. burrow into the musdes, 

^it. Nrtii ^ CBses and 

“Jjostdi, to them until 

eaten I ’ ^ his fl«h 

another mammal — a man by a 


rat, or a pig by a man — they revive and flour- 
ish in the bowels of the latter. An infected 
animal may have tens of millions of these 
parasites patiently waiting in his muscles 
for his death, and hurrying it up by producing 
the inflammations or other symptoms of 
“ trichiniasis.** It has been calculated that 
one ounce of infected or “measly** pork 
contains 85,000 of them — if the pork was not 
properly cooked its consumption would 
involve the liberation of all these parasites 
in the bowel of the eater, and if half of these 
were females, producing on the average a 
thousand embryos each, the result would be 
a migration of forty million young worms 
into liis muscles. 

Again in the guinea-worm, Fila riamedin en- 
sis~-3. worm from one to sbe feetTon^the 
adults live in the connective tissue of man, 
just under the skin. The young escape into 
the outer world through abscesses caused 
by the pre- 
sence of the 
pa rasitc, 
and some 
of them 
have the 
good for- 
tune to get 
intt a 
stream or a 
pond. 

Here they 
make their 
way into 

the bodies Microscopic view of a 

o wa^r- <t measly ** pork, showing 

white, parasitic worms (TricAt- 
c ops, where curled up among the muscle- 

they wait 

until the 

water is drunk by a man careless enough not 
to filter it first. Thus they reach the human 
bowel, and thence, presumably by the cir- 
culation, they travel to the connective 
tissue of the skin. In a case of this kind, 
where the adults live inside a creature of 
one species, but the young, in order to get 
there regularly, enter the bodies of some 
quite different animal, the latter is called j 
an intermediate host. f 

We cannot enter here into an account of 
the many peculiar features of the organization 
of the roundworms which has led to their 
being put apart in a phylum of their own. 
In a number of respects they are interesting 
— their spermatozoa, for example, instead of 
swimming by means of long, lashing tails, 
creep slowly like white blood corpuscles ; 
and their epidermis, in.stead of bding divided 
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up into cells, consists of an uninterrupted 
sheet of protoplasm freckled with nuclei. 
We may, nowever, note that these creatures 
arc not all parasitic. A huge number of them 
live Siarmlessly in salt or fresh water or in 
soil or the tbsues of rotting plants. Some 
species are free when they are young, but 
become parasitic when they mature— such as 
Strongylus and Dochmius^ which infect man, 
an 3 Tylenc hus s canSenSy which invades the 
tissues of cereals. In some, on the other 
hand, the young are parasitic while the. 
adults are free-living ; an example of this is 
afforded by Spharulia bombi, whose young 

grow in the 
tbsues of bees 
and wasps. 
Finally, 
many, as we 
have seen, are 
parasitic 
throughout, 
although the 
larvae and 
adults may 
infect differ- 
ent hosts or 
different parts 
of thc^ame 
host n d 
many of these 
arc very trou- 
blesome i n - 
deed to man. 

§6 

Flatworms 

The J[laly- 
helmirUhes or 
flatworms are 
for the most 
part parasitic. 
Their organ- 
ization is 
curious, and wc may introduce ourselves to 
it by examining a particular member of the 
group. 

Planaria lacUa b a white, flat, worm-like 
creatOre, about three-quarters of an inch 
long, that leads the life of a scavenger at the 
bottom of ffesh-watcr ponds, nourishing 
itself for the most part on dead organic 
matter. Usually it travcb along with a 
smooth gliding motion ; from time to time 
it varies thb somewhat monotonous method 
of progression by looping ” like a looper 
caterpillar. 

The head of Planaria is interesting. Our 
own heads are chiefly remarkable for two 
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Fig. 92, 
aria, a kind 
JkUworm, 
showing the 
digestive tubes 
in black {mag^ 
nijied about six 
times). 


reasons; first, because thcy^ contain the! 
chief sense-organs and the brain, and second ! 
because they contain the mouth and 
apparatus for taking in food. Now the head 
c» Planaria is only half a head ; it Ccirriej 
the brain and eyes, but it has no mouth. 
The mouth, instead of being at the front end 
of the body, is placed at the end of a long tube 
that sticks out of the middle of the i)ellyj 
moreover it combines the functions of mouth 
and anus. 

Another curious feature of thb animal is 
that it possesses no circulatory system at all, 
although, unlike an intestinal Voundworm, 
it b an actively moving creature. The body^ 
cavity is filled with spongy connective tissue, 
through which the digestive and excretory 
systems ramify like the branches of trees. 
Since there b no blood, the branching 
intestine has itself to carry food into every 
corner of the body and the branching kidney- 
system has to run into every corner and drain 
the waste-products away. Because of this 
fact the anatomy of Planaria looks very 
complicated ; if, in the accompanying figure 
of the digestive apparatus, the reader imag- 
ines an equally arborescent system of fine 
excretory cianals, intricate reproductive or- 
gans (both male and female, in the same 
body), and a web-like nervous system he will 
get some idea of the labyrinthine nature of 
thb tiny inside. But the complexity is more 
apparent than real. The organs arc elabor- 
atdy branched, but there arc not nearly so 
nmiy kinds of organs, or so many kinds of 
tissues, as in a vertebrate. 

Moreover, Planaria has no special respira- 
tory organs ; its body b so thin that enough 
oxygen to satisfy its needs can diffuse in 
through the tissues. 

The phylum plalyhclminthcs compri* 
three classes. The first class b that to which 
Planaria belongs ; they live for the most part 
independently in damp places on the lanj 
in fresh water, and in Ac sea, but one o| 
two of them arc parasites* 

The second class b the a 

consbting entirely of paraifticTorins. ItJ. 
animals show the most 

invading and destroying unwilling n ^ 

we may illustrate the point Iw 
life-history of the fasciol^P 

found in sheq> and 
disease known as Accp^i , -Lj 
beast# that feed in 
life-hbtory that b 
involves a regularly 
several quite 


The nukes that 
liver of an ii 






vLIK I HER PATTERNS O/ INDIVIDUALIZED ANIMAL LIFE 

♦ 


- an\ individual having both male 
incl kiiiale organs— but nevertheless they 
each other. Like most parasites, 
hey incredibly prolific. Their micro- 
copic ( arc carried by the bile down the 
3ile-dii 1 of the sheep to the intestine ; 
heiict', among the fseces, they reach the 
Ij^terioi- During the next spell of warm, 
nioisi wtather the hard egg-shell breaks 
ind dun emerges a-crcature very unlike its 
pcireiiis. This creature, the Miraddium^ has 
I tiny (oiiical body covered with cilia, two 
eyes ol \cry elementary structure, and no 
)utli 01 siomach. Begotten by parents over 
inch long, it is itself less than one two- 
ndredih of that size. Nevertheless, it is 
live fioin 
[■nioinenl ol 
idling. It 

ims nliout 
the puddles . 
ditches or .4| 
ii>cr pools in 
le grazing 
eaclo\^s, or 
en ihioiigh 
e thin sur- 
re him of 
lUci h'll on 
(' grass alU'i* 
in or dew, 
ilh every a[)- 
:aran( e of 
igerpurpose. 
ow, there 
rc certain 
iitls of snail 
hirh live in 
0 n d s 0 r 
nioiig the 
tinp glass in 


showing a psurticular preference for the liver. 
These ingenious parasites, the redts, live and 
die and reproduce themselves Insid^ tbe fnail, 
weakening it but prudently not lolling it, 
and in this way there follow severM genera* 
tions more, all v^ much alike. But at the 
chill of the following autumn there is another 
change. New forms appear in the little 
community — ^forms called cercaria, somewhat 
smaller than the rediae, with big round heads 
and long thin tails. The cercariac are not 
satisfied by the leavings of their parents and — 
platyhelminth pilgrim fathers, so to speak — 
they bore their way out of the snail’s body in 
quest of a larger organism to colonize. They 
swim up wet blades of grass or the leaves of 



w Li m ]) y 

i‘‘ccs, and ii 

lui one o{ tiicsc that the little creature 
searching. Its eagerness is excusable, 
r unhss It succeeds in its quest within 
houis, it perishes. But if it docs 
^ceed It bores its way into the body of 
snail .ind alters in sha^, becoming a long, 
At this stage it rests, nourished 
..J r ^ growing slowly, for 

ut a l.,rtnight; then it reproduces 

idd, . ^ ^ number of embryos 

isDrin^ ! generation, llie 

thfm, ‘ adventurer differ 

toriVin i' ‘"'"t^atc parent and from 
talfke ' •, ekMigated and 

whtV ^ twenty.^ ^ an inch 
k the I,, *0*1 A*y wander 

r “‘''"’dyofthesnaaandccjnnwneit, 
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other herbage, and there they fortify them- 
selves ; they exude a slime which thickens 
into a hard white capsule and, thus protected, 
they wait. If nothing more happens to them 
tliey eventually die, but if the grass on which 
they are waiting chances to be swallowed by 
a browsing sheep (or other grazing animal, 
for flukes of the same species have been fl>und 
in oxen and deer and even rabbits) they make 
gocii use of their opportunity. Their cap- 

" his 

, in 

. , V 

liver, where they thnve and nrdW;^ n» 
ag>ense. In about six weds’ ^ 

ready to beget eggs to start on 
Ota cycle a^nfru Tbcre is, : 
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regular rhythm of generaUom that differ 
front each other— first the fluke, a creature 
over an i»ch long, living in the sheep 
then the barely visible creatures living in the 
snail, then the fluke again, and so on. It 
is as if the offspring of men were imce and the 
offspring of mice were men. j 

T^e flukes include a number of different 
forms with more or less picturesque and 
adventurous life-cycles. The 
troublesome to ourselves is Bilh^ia of 
tropical countries, which spends its fluke 
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Fig- 94 ‘ F mia, a common tapeworm. 

Inset u a magnified mew of OuBl, showing the armourj, of adhesive 
hooks and suckers with which it is provided. 


system of their own, but absotb the food at 
the surfaces of their bodies when it has been : 
digested for them by these hosts. The body 
consists of a chain of segmentt-—two or three , 
to many hundreds — eacii with a complete 
reproductive system in it. As the hinder 
ones ripen they drop off, and swollen iiockets 
of eggs are loosed into a wider world with the 
feces of the host ; but they are continually 
replaced by new segments which originate 
in a zone of growth close to the head. Of 
those which infect man some spend their 
adult stages in our own bowels and 
their intermediate stag^ in the niuscles 
of pigs or cattle, entering us with our 
meat ; another, even more trouble- 
some, spends its adult stage in the 
dog’s bowel and its intermediate stage 
in our own bodies, where it forms 
large “ hydatid cysts in the lungs, 
liver, and other organs in tlie liope 
that our flesh will be devoured by 
dogs. In the brains of sheep these 
cysts cause the disease known as 
staggers. 

vStrange indeed are Nature s v\ays. 
Here are two special classes, fluk« 
and tapeworms, and they exist, it 
seems, for no other purpose than the 
affliction of the innumerable variety 
of forms which ffie dominant ver- 
tebrate, arthropod, and molluscan 
phyla have produced. 

§ 7 

Et Cetera 

So far we have dealt with seven 
animal phyla. Now comes the ra^ 
bag. We have left oyer a residuum 
of minor phyla contaimng few for 
and having little ccon^ic or th 
retical im^rtance. 
catalogue them here. Brietly 
mention four groups. 

The N^ne worms are thread^ 

or ribbon^fit creat^, 
length from under an inch to " ^ 

merres. Most of them are m^ne, creep^ 
under stones and among *“'^*^,ivpinfres 

able to swim. One or two si)caes h ”5 


aDieioswiui. wa V..W 

water and a few are terre*^ ; 


one ortw 
Ilk 


stage in the human intestine or urinary 
bladder, and its microscopic stage, like that 
of Fasciola, in a fresh-water snail. It 
invadesTIs through the mouth or through the 

skin, and reaches the bladder along the veins, water ana a W-Mke and swim 

The third class of platyhelminthes is the are of the se 

tapeworms— also parasitic, Tmd also showing manne butterflies at me s .,.,nivorouj 
an alternation of generations in two different 
hosts. The animals have long bodies — some- 
times up to eighty feet of thena— and they 
have suckers and hooks on their “ heads ” 
by means of which they cling to the wall of 
the host’s intestine. They have no digestive 
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marine butterflies at carnivor““ 

For the most part j- 

They arc in a pby>“® ^ ^^ilmalcule 
The Mifers, or , y, big^ 

another phyfe. arc pond 

organized animals, a 

gutters, damp mosi and the hk*. 
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f delight to those fortunate enough to 
a microscope. “ If, retaining sense 
iiici coula shrink into living atoms 

ind under the water, of what a world 
If wonders should we then form part ! 

shonld find this fairy kingdom peopled 
ith tin strangest creatures : creatures that 
^\lth their hair, and have ruby eyes 
dazing deep in their necks, with telescopic 
inibs di.ii now are withdrawn wholly within 
hell i)<)dies and now stretched out to many 
inKs tlieir own length. Here are some 
a I anchor, moored by delicate threads 
ipuii out Irom their toes, and there are others 
lasliing dy in glass armour, brist- 
with sharp spikes or orna- 
mciitcd \\itli bosses and flowing 
tuivis ; hilc, fastened to a green 
tPja. is an animal convolvulus that 
)v sunif invisible power draws a 
K'\( i -erasing stream of victims into 
ts !;apiim c upi and tears them to 
bill \\illi hooked jaws deep down 
viiliiii iis ])ody.” (Hudson and 
jossc ill their classical monograph 
\{Tlie Hotijha, 1886.) The rotifers 
lie neitliei useful nor harmful to 
nail ; their interest lies almost 
iiiiii(l\ in this microscopic a:isthctic 
tppral. 

Tlu Piilyzoa, including the so- 
died sca-niats, arc equatic and 
usi of illeni are marine. At first 
(111 they look like the hydroid 
)Kps to he presently described, for they 
e stii.ill animals living in colonies, and 
ifli iiidiMdual has a circlet of tentacles 
noiiiicling its mouth ; nevertheless, they 
t \(ry iiiiich more elaborately organized 
lau h\ droids, although most people take 
ifiti fur plants. Their colonies arc sup- 
by horny, slimy, or gelatinous 
duoiis, generally intricate and often 
|autiful when seen through the microscope, 
art* an enormous number of different 
Polyua arc very common on the 
for riling encrustations on seaweeds, 
^1^) nabs and the like ; the fresh-water 
by clogging the pipes and filters of 
Tr D become a serious nuisance. 

^P^achvijmis or lamp-shclls are marine 


animals having a shell that looks at first 
sight like the shell of a bivalve mollusc. A 
lamp-shell leads the life of an oyster or a 
mussel, lying at the bottom of the sek, collect- 
ing suspended particles of food by means of 
a ciliated sieve that works like the gills of a 
clam or the pharynx of a sea-squirt, snapping 
together the two shields if any danger 
threatens. Nevertheless, their organization 
is very different from that of bivalves. The 
two halves of the shell, for example, corres- 
pond to the back and front of the creature 
and not to its right and left as they do in 
bivalves. And the food-filter is made in a 


peculiar and characteristic way. At one 
time they were classified with the molluscs, 
but now they are either put in a phylum by 
themselves, or with the polyzoa in the phylum 
Molluscoidea, At the present day there are 
about# hundred species of brachiopods living 
in the sea at various depths, but they are 
only the survivors of a group that flourished 
and attained a rich variety of forms in the 
Palaeozoic era, and has declined steadily in 
numbers ever since. Slowly, for some reason,' 
as the world aged the oyster and the scallop 
and the mussel took their place. But one 
genus, LinguU f living in the mud of warm seas, 
has continued the even tenor of its existence 
from a nearly incredible antiquity. It is 
the senior genus of the world of life. 



Fig, 95. Superficially like a clam^ but very different in 
its inner organization — Terebratula, a kind of lamp-shell 
(Brachiopod) from the deep water of the Faroe Channel. 
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§ I 

A Preliminary Note on 
Individuality 

W E are accustomed to think of ourselves 
as individuals, for our bodies act and 
feel as single undivided things ; we are in this 
sense the units of which our species consists. 
Nevertheless we are also cell-communities, 
and these cells, in such circumstances as we 
have described in Book One, can behave 
with remarkable individuality and independ- 
ence. We may indeed distinguish two en- 
tirely different grades of individuality — the 
conscious, actual individuality of our bodies 
and the potential, suppressed individuality 
of our constituent cells. Now, as we explore 
the realms of life farther and farther from our 
own phylum, this grading is less distinct. 
All the organisms that were examined 
hitherto are individualized communities 
of cells just as we are, but in some of them the 
organization of the community is a little less 
definite, less inflexible than it is in ourselves. 
The cells are not so rigidly subordinated, not 
so strictly specialized. 

Perhaps the most independent cells that 
we possess, excepting, of course, our sperma- 
tozoa, are our white blood corpuscles, 
ranging more or less freely in our blood and 
lymph and playing the part of scavengers, 
consuming and destroying bacteria or other 
undesirable objects. They are least subject 
to the disciplining influences that hol<f most 
of our cells in place and make them do 
special and limited activities at appropriate 1 
moments. Now, in many invertebrates 
freely moving cells of this kind play other 
parts in the economy of the organism, not 
merely absorbing undesirable matters. In 
the oyster, for example, the digestion and 
absorption of food is accomplished in part 
by creeping cells which elbow their way 
trough the wall of Ihc digestive tube into 
its canal ; they fall upon the food, taking 
it into their own tiny bodies, and then 
they xreep back through the wall of the 
intestine into the tissues of the oyster again. 
They even assist in transporting food round 
the body, for they creep everywhere and 
give up the particles that they have taken in 
wherever Aey arc required. Further than 
this their liberties extend, for they can leave 
the body of the oyster altogether and prowl 
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about in the mantle cavity (the space be. 
tween the creature’s body and his shell) 
where, presumably, they act as outpostj 
against invading bacteria. In the earth, 
worm there is a similar state of affaii^- 
creeping cells leave his body and wander 
about over his skin, scaven^ng and keepinir 
it clean. Truly an astonishing degree of 
freedom for cells that are really parts of 
body ! 

The more flexible organization of the 
lower animals is clearly seen in the repro- 
ductive processes. We ourselves have only 
one method of reproduction ; we have 
definite cells set aside for the purpose, 
the only possible way in which a mammal 
originate is by the union of an ovum with 
a spermatozoon. Moreover, our develop* 
mental processes arc nicely regulated ; a 
particular group of cells in the embryo ij 
delegated to form an arm, and that is the 
only way in which an arm can be formed; 
if we lose an arm the part can never be 
replaced. In the lower vertebrates, on the 
j other hand, the celb jpre not so rigidly 
specialized ; a newt, for example, can grow 
a new limb if one is accidentally lost. Lizards 
can grow new tails, and they make good 
use of their ability ; if a lizaixl is pursued 
and finds itself hard pressed it deliberately 
breaks off its own tail, which, writhing aim* 
lessly like the body of a newly decapitated: 
man, distracts the pursuer while the rest of 
the lizard makes its escape. In those very 
lowly organized members of our own phyluni) 
the sea-squirts, the tissues have a tremendoij 
power of reconstitution. There are kindi 
of sea-squirt in which the animal can be 
completely in halves, and in which each 
half then grows the nuadng organs so tn« 
two individuals result. Tms power wW 
ascidian tissue has of reconstituting itsejl , 
used for reproducing the spcdcs ; besi^ 
the normal sexual method me animals 
reproduce asexually by sprouting out bu ^ 
There are sea^ura, sucii an 
brbtle with buds as a bris“^ 

buttons. Often, ^ sea-sq ^ 

formed in the latter way po not patt ^ 
pany, but remain ^ J 

several asexual 

or colonics of ammab W np* 

selves, we see 
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the I sues and a diwreasc in their power rather than reducing the numbeni of the 
(levc i ping independently and git^ rise species. 

new i .irts. In ourself, the healing of a In the segmented worms we find various 
und, die formation of new skin to seal a methods of asexual re- 
of 11^ w fibres when a muscle is tom, of production. In the little 
^ boiK when an aim or a leg is broken: — marine worm At^lytus 
;se are the only representatives, the physio* cottmtus^ new individuals 
ical hdinologues, so to speak, of the great are grown at the hinder 
oi reconstitution possessed by the end of the body, so that 
-squiit. . , . there may be a chain 

Vnioni; invertebrates, the lobster is at of from two to at least 
3 ut th«’ level of a newt in this matter of forty individuals, each 
iroduciive power ; it can p^t company with a head of its own, 

[h a liinb in order to save itself, and it but stuck together head 
1 slowly grow a new one. An octopus,] to tail by a mortar of 
), can grow a new arm. And in the living tissue until such 
rfishes (he power of reconstitution is time as one of the hinder 
lazingly well developed. If a starfish be ones becomes rebellious, 

I in h.ilves, each half will sprout ncw\ refuses to follow its 
ns and l )e( oine a whole starfish— if a little leadei^ and tears itself 
(lie disc is attached a single isolated arm away. Moreover, in 
n grow thi* rest again. There are species this species we have an 
starfisli which normally use this power, example of the phenqr 
c the sea-squirts, for reproduction. After menon known as “ alter- 
ing harmoniously together for some time nation of generatio nal* * 
r arms sccni to fall out and to group them- ”TKe IfftlllzeS eg^ *He- 
ves into two parties ; one party walks velop into sexless indi- 
hard as it can in one direction and the viduals which swim 
other party pulls about sprouting new 
equally hard in individuals until they 
the other, so that die — but the individuals 
. die central disc ^ thus sprouted arc male 

with mouth, and female (and differ 7^ hinder 

stomach, anus, in a number of external heif of this marine 
and the rest is characters from the sex- worm has developed a 
split right across, less generations) ; they of its own and 
Finally, each of do not reproduce therq- wUl soon break awey, 
the two halves selves ascxually but pro- 
grows the missing duce fertilized eggs — ^and so the cycle b^pns 
parts and be- again. In another kind of worm, Syllis 
comes a coinplete ramosay which is found inside the cavma 
starfish. Fisher- oTsponges from the deep sea, new individuals 
men, infiiriat^ are sprouted off as side-branches from the 
by the quantities flanks of the old, so that a web of worms is 
of starfish that produced from which the sexual individuals 
appear in their sn^ themselves off and escape, 
nets and by the Finally, similar but even more striking 
havoc wrought phenomena are seen in ^twonns. In most 
by these animals species of Planaria (but not in all) ^the 
on oyster-beds, creature creeps about as we have desoribed, 
erften chop them but while it does so there is disaffection^ so 
in halves and to speak, in its end ; as the animal bt^mes 
fling them back fully grown the latter half reorganizes 
into the »ea ; but into a new individual, and when it is 
since cadi half it suddenly rebels and flrmly grips ^ 

96 . I r I o. then /proceeds to like a rcsohxtit donkey, ttSaimg 10 he jpulle^ 

a al«mg by th* front any i| a. 

.ff ,, itarfiA, fiantic tu**<rf-vwf and a the 

fern/,... **** fiahetmen «»d cw»irli' 4 v«y 

„ ^ 
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ultimately equally troublesome tail. Mean- 
while, the hind end starts on an independent 
life, to be rebelled against in its turn by its 
own posterior. Moreover, in this flatworm 
phylum we find alternation of generations 
carried to its highest and most elaborate 
pitch ; we have already seen how in the 
liver-fluke there is a regular succession of a 
whole series of generations, externally very 
unlike each other— the sexually reproducing 
flukes in the liver of the sheep, and the 
minute sexless forms in the water-snail. 

We are accustomed to think of ourselves 
as individuals and of our species as consisting 
entirely of individuals that are all alike, 
except for the relatively slight distinction 
between male and female. But manifestly 



Fig. 98. The branching growth of the worm Syllis ramosa. 


in these invertebrate animals there are 
different kinds of individuals, and a different 
sort of species. We find one half of the body 
rebelling against the other half, and we 
find them splitting apart and reconstituting 
themselves ; we find that the liver-fluke, 
a creature two- thirds of an inch in length, 
spending its life in a sheep’s liver, and the 
r^ia larva, about one sixteenth as long, 
living in a pond-snail and with every organ 
different from that of a fluke, are both mem- 
bers of one and the same species, begetting 
each other with a re^lar, inevitable rhythm. 
The rigidity and uniformity of organization 
with which we are familiar in ourselves is 
nqt universal. Our ideas of individuality 
have to be revised and extended. We 
shall find them still more profoundly shaken 
by the animals that we arc next to 
examine. 
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§ 2 

jOyiiiU 

It is common to find a light brov n fur. 
like growth just below low-water m.irk 
seaweeds, the wooden piles of piers, and 
the like. The growth consists of branching 
filaments of a^ut the thickness of finj 
sewing-cotton, the branches terminating 
in tiny knob-like enlargements. The whole 
thing is suggestive at first sight of a miniature 
forest of seaweed, but the filaments are 
animals, not plants ; they belong to the 
genus called Obelia. 

On examining the filaments with a micro. L 
scope, we find that they consist of hollow* 
strands of living substance enshcathed byai 
transparent, horny tube. At most* 
of the knobs the tube opens out as 
a delicate goblet of simple design, 
and in each goblet there lives a 
polyp. The polyps— the individuals 
of the little colony— arc very simple 
in their structure. They consist of 
plain cylindrical bags of living 
tissue ; at one ^nd they are joined 
to the central filament of the branch 
on which they rest, and at the other 
they have tiny funnel-shaped mouths 
surrounded by single rings of 
writhing tentacles. Scattered all 
over their surfaces, and particularly 
numerous on the tentacles, are 
minute stinging-capsules. Each of 
these is a tiny oval vesicle with a 
spiral filament coiled up inside and 
a sensitive trigger-hair pro* 
jecting from the surface of the 
animd into the outer world. Whei 
the trigger-hair is stimulated, thi 
spiral filament, barbed and poisonous, is sho 
out with surprising vigour. The flower-lih( 
polyp is a living snare ; it waits, with its ten 
tacics stretched out, and if a suitable victin 
—such as one of the microscopic crustacear 
— brushes one of the tentacles as it passes ^ 
it is suddenly riddled with the sungtj^ 
numbing filaments, then grasped in the 0 
tentacles and crammed through the ino 
into the hungry bag. The cells lining t e ^ 
secrete a digestive juice which 
the prey, and they ca|i also take pa 
of food into their owii bodies very in 
our white blood-corpusclps 
Finally, after a Ktac tiiae^ the mjir 
remains of the victim urc dischargeu 
the same door that scrve4 ^ 
the net of stinging ^ 

That, in bricif is m of/M 
occasionally, if 
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)f 
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fad (riitacles stir restlessly, and occasion- 
v\|'‘ 11 the creature is alarmed, it ducks 
CO itracted, for a few seconds into the 
.ty ol its horny cup, but it never wanders 
exploits, nor does it reproduce its kind ; 
;ads . 1 5 ltd of patient waiting and grabbing 
idigr.ting. 

iOinpaiod with any of the ammals with 
[ch vsr have dealt hitherto, the anatomy 
he poh P is incredibly simple. It consists 
two 1.1) 01 s of tissue, one inside the other 
1 separatt‘d by a thin gelatinous sheet of 
i-livini? substance, like the firm matrix 
our gristle. It has some seven kinds of 
^ as opposed to the seventy or so that are 
lid ill our bodies. It has no heart, no' 
s, 110 cars ; as far as we know, it has only 
1 senses, taste and touch ; it has no brain, 
nervous system being scattered through 
body and organized about as elaborately 
the local nervous system that produces 
thing movements in our own bowels, 
cept for the mouth, tentacles, and gut of 
ich it consists, it has no specialized organs 
niy kind. 

U its base the polyp tails away into a 
row tube of living tissue, running down 
: hiaiich that the polyp crowns, and this 
ds into a main tube that forms an axis 
the colony. Every polyp on the little 
tid IS directly continuous with this central 
le of tissue, and, through it, with every 
ler. I’liey aie like flowers growing from 
:ominon stem, one flesh. Occasionally 
iclc-bianch grows out from this main tube, 
king a clear, horny sheath as it goes, and 
fs rise to a new polyp. Thus, by a 
►cess of budding and branching, the 
Day grows. 

lilt occasionally, here and there along 
central stem, there arise polyps of a new 
P- Buds sprout out, at first. very much 
[he usual kind of bud, but later dcvclop- 
into piaiu^ club-shaped cylinders called 
mjies. 1 he hlastostylcs do not develop 
s or tentacles ; they arc not feeden 
lec ers. 1 h(*y become covered with 
^jrt-hke buds which grow and develop 

div : creatures. There 

ision of 1 ih.jur between the different 

Piuniciti ^'’'‘{^i»g-polyps are in direct 
i, and tubular 

WcB., P'^*"*^** of thoir 

oiW i?r ‘1‘^Cusc along this channel 
j Tl*' feeding-polyps 


diffusing juices from the feeding-polyps, they 
concern themselves with the founding of 
fresh colonies. Xhc feeding-polyps ctin move 
independently, and if they are cut off from 
the stem the material of which they consist 
lives on and reorganizes itself into a new 
colony ; nevertheless, biologically speaking, 
they are parts, not wholes. 

The buds that are produced in great 


to til,.' ' do not con- 

fiihcy bri' ’"'Ty oC Ac colony to 
y but, nourished by the 



numbers by the blastostylcs develop into 
miniature jelly-fish, as clear as glass, and 
little more than a tenth of an inch across. 
Their shape is that of an umbrella with a 
very short, thick handle ; they have a hemi- 
spherical bell fringed with tentacles, and, 
hanging from the middle of it, a short sta|b^ 
which ^ars the mouth at its end. As tl^^' 
become properly developed they detach 
themselves from the blastostyles and swim 
actively and independently through ^ 
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Ute fading-polyp, 

predatory ; they have micro- thc^fcccd, budding colony of polyps, and thq 

S.cy pariysc and ^ to-s^nun^ medus^ ch^,^ 

*“P“gS^Sed £ ?tS[ct“e the ^th the duty of foundmg new Colon, 

^55» ; theyhavc ade^tcstomach^^i^ t^^have mcd the phrase “ ^ternationd 
intoa system of canals winch, than “ aUemaUon of gena 

branched stomach of a flatworm. ^mra L|“ it is open to question whetbs 

food to all parts of the body ! or Ae feedl^ge should*^be called a general, 

special sense-o^aM ; X^UAere Sail. It co^ts, we have seen, of a cenirj 

feale. Danghng down under the bell the ind^nite number of siifc 

are tiny bags filled with eggs or spermatozo . branches ; of the side-branches tit 

majority end in those living snan^ 
the tentacled polyps, whose duty iti 
to nourish the whole colony, whUei 
few end in the blastostyles-polyp 

which specialize in reproduction. Nm 

the feeding-polyps can perform ini 
pendent movements of a considerabl 
degree of complexity— they look lik 
individuals— and the blastostyles hav 
essentially the structure of poly[M,i 
that we may, if we choose, regard a 
feeding-polyps and blastostyles as indi 
viduals, specializ«4.in different wa^i 
order to build vif a colony, much! 
our cells are individuals speciamed i 
different ways in order to build up 
body. We may regard the polyp i 
the homologue of a man. fnen i 
should <li3tinguish ^ gra<i« ; 
individuality— the c|^, the polyps,^ 
a higher order of individual, thee 1 
But the organization of Obelia is 
loose, very plastic. There is no n| 
specialization of tissues 
ihoursclves. If a si^l 



.0 . m ourscivcs. a* - v," r^t- 

c*- Th^ tismis of Permaria (a creature very like colony be cut off fipni tne 

Obelia) have been pressed through fine silk and the cells fceding-polyp> 

sebiJed from eS other ; Mvertheless, th^^ve crept w^ sprout out ^eweentt 1 

^ together again to rebutld polyps {magnified). wluch bo* b mote, « 

sSrvi:Sy’s:^. 

^ Zoology," igu.) rouslin so that itt ce 

■ plctely separate 

djcless, they wiU > i 

masses, and orgaiuzc tissK 

polyps, nw colonies. < 

a man doing tWs 1 .-n-uts end 

In ourselves the ~ ^ted j 


The little ielly-fishes, or rru^tey swim in 
shoals at the surface of the sea and, when 
they aic ripe, they shed their spermatozoa 
or eggs, as the case may l^, into the ^a- 
watoT The two mix together, and in tlm 
primitive manner the eggs are C^hzed. 


sfiecio , , 

primitive manner me egB* -- ..... 

dm DtdvDS bud out stems which give roe » uriai ith.#il iiWi3Eg S,i. cart » 
Iff yffr ^lyps ; ami thus a new colony is made m 
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(jividuals but ^ plastic living tissue*^ 
and budding atod branching, thrbw- 
g out now a feeding-polyp, now a blast©- 
Je, ru»w a medusa ; not' definitely com- 
itted to any one of these kinds of body, 
jt sprouting and reorganizing itself as 
rcurasiances deternaine. It is a living 
)ntinuiini ; a mob of celLs which may 
; turned to this or that. So long as any 
jrt of iHc mob lives it may continue the 
ICC. E\ ( n in ourselves there is an under- 
ing reality of this kind, for we, the indi- 
iduals, die and yet through us the race 
)ntinues ; small portions of tissue,* single 
dls detached from our bodies may hand 
the life of the species by growing and 
[lilding themselves into new individuals. 

in om case, the capacity for 
iprodiiciioii is retained only by 
few specialized cells. Through 
lom human protoplasm lives on 
id may live for ever ; human 
dividuals are the temporary 
apes that it assumes — excrescences, 
to sp(‘ak, that the race throws 
as the Obelia stuff throws 
polyjis. We arife so accustomed 
ilynking in terms of individual 
[perience, to regarding a species 
merely a convenient group- 
liiie for a number of separate 
pons, that the idea of the living, 
iterial race as a more enduring 
ility than the individual is at firat 
Jht altogTther strange ; never- 
Jless, it is clear when we come 
examine these lowly-organized 
iaturcs that the elaborate, sclf- 
Ptred individual is not by any 
Ians an indispensable part of 
scheme. Life can go on without 
nr her intervention. 

§ 3 

‘’"bp, Jelly-fish, Sea-Anmoms, 

Corals 

^ phylum, the 
includes a large number 
Tmarir ! ^ aquatic and nearly 

lavs ‘ 1 Obelia, their bodies arc 
organized, without elaborate 
. differentiation 


arc utterly distinct ftom each other ; the 
Echinoderm has an altogether mare Ughly 
organized and specialized interior than the 
Goricntcrate* Tnc bodies of Coelenterates 
are soft, although they often make rigid 
houses to live in, or firameworks to live round, 
and the ^roup is characterized by their 
peculiar stingiM-capsulcs. Many of them 
are sessile and nower-like, so that they have 
been called the Zoophyta, or plant-like 
animals. 

There are three classes of Coelenterates, 
of which the Hvdro^ includes Obelia. 
The members ofthiTcIaM arc all variations, 
so to speak, upon the Obelia theme ; the 
kind of life-history that we have described, 
with its alternation between the free-swimming 



Fig. 101. Two of the characteristic stinging-capsulcs with 
which a Ccslenterate benumbs its pr^, very highly magrufied. 

The one on the Uft is undischargid ; the barbed thread is sHU emkd 
up within it. The one on the rigiu has shot out its thread. 

sexual medusa and the colony of buSlding 
polyps, underlies the group, although it 
may be more or less profoundly modified. 
Best known are a great number of forms, 
‘growing like Obelia 6 n hard objects round 
our coasts and often mistaken for small sea- 
weeds ; they differ fit)m each other in the 
structure of the polyps and medusae and of 
the hoiw tubes and cups in which the colony 
lives. The structure of our coxmnon rqire- 
sentatives of the group can be seen dearly 


tissue inrl fU • w* pipe sccu 

pys radial )ik,> symmetry is nearly only with a magnifying glass, but in sOOK 
I not I ii ^ ® starfish, fbrM the polyps may be brilliantly cnlpar^ 

■-L ' * tut® tn® nf . flower-like objects two or thre^ incmies actott 

and die medusK, as transparent as 
may be fifteen inches across Ae b#. ^ 
fbihn ipeCtes. tfae life-fafstory k sln w^ . 
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are forms in which sexual medusae develop 
directly from the fertilized egg— medusae 
otherwise very similar to those of Obelia. 
On the other hand there are forms without 
medusae, and we may pause for a moment to 
examine one of these. 

Hydra is a minute creature found com- 
irionly^nough in fresh-water ponds ; it may 
be a third of an inch long. It is like a 
single, free-living polyp of Obelia ; it has a 
hollow, cylindrical body, with a mouth 
surrounded by tentacles. It usually remains 
fixed, catching such prey as Cyclops with its 
tentacles, which, when the animal is hungry, 
trail in the water like a driftnet. Sometimes 
it moves from place to place, gliding along 
on its base or looping like a looper cater- 
pillar. Like Obelia, it is a loosely organized 
cell-community ; if it is cut into halves, or 
even into small bits, each fragment can 
reconstitute itself and form a whole Hydra. 
Its methods of reproduction are two. It 
may produce buds — a lump of tissue appears 
somewhere on the side of the creature, grows, 
develops a mouth and tentacles, and breaks 
^way. Sometimes, when food is very plenti- 
ful, the bud may start to grow new buds 
from its own flanks even before it breaks away 
from its parent ; this is a hint, so to speak, 
of the colony-formation seen in Obelia. 
Normally, however. Hydra is not colonial. 
Sometimes little swellings may appear on 
the sides of Hydra — not in definite places, 
but anywhere — wliich do not form buds. 
These swellings produce eggs if they arc 
near the base of the body, spermatozoa if 
they are near the top. The eggs arc 
relatively large, passive cells like our own 
eggs ; the spefmatozoa are tiny, active tad- 
pole-like creatures as our own are. The 
sperms swim up to and fertilize the eggs, 
which then develop into little embryo 
Hydras without any intermediate stage. 

Hydra, then, contrasts with Obelia in 
two respects : first, there is no medusa and 
the polyp is itself sexual ; second, there is 
no colony-formation and no division of 
labour between polyps like that between 
feeding-polyps and blastostyles in ObdUa. 

On the other hand, there is another group 
of Hydrozoans, the Siphgnophores, in which 
colony-formation is carried to an extreme 
degree. They are found floating in the 
open sea — clucfly in warm waters. The 
“ Portuguese man-of-war,’* Physdia, is a good 
example ; it has an elongated bladder filled 
with air, from one to twelve inches long, 
by means of which it floats, and having 
above a raised crest or sail ; the whole is 
peacock-blue or mange. From the lower 
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side of this float thete hangf bunches 
miscellaneous-looking objects — blue, viol 
and carmine, with a silvery sheen, j; 7 
object is a unit, either a polyp or a 
medusa, and they specialize in the perfo ? 
ance of various duties ; some, not unl?^ 
the Obelia polyps, are feeders .; 
having no mouths and a single. long tenta*^L 
very richly provided with stinging i:ap 5 ' ‘ 
arc soldiers ; the medusae, cTustenng 
dark blue grapes, bear sexual cells • 
the whole there depend particularly ; 
midable tentades, up to sixty feet in len°^ 
and with a sting that can raise weals on 
human being, like the sting of a giant nel 
and give him fever for several days. Otli^ 
Siphonophores arc differently planned 
coloured. We may note that althoue,, 
Siphonophore is conveniently described as li 
colony of specialized individuals, i|it« 
individuals are not nearly so sharplv’defiwi 
as in Obclia—they arc continuous \ 
each other, and it is often very liard to 
where one begins and the other ends. M 
problem of assigning to any part of the coloj 
an individuality comparable to our o\ 
individuality is much harder than evenii 
Obelia. 

The second class of Coelentcratcs, 
Scyphozooy includes all the larger and rat 
family jelly-fish. The medusa of a Hydt 
zoan is like a miniature jelly-fish in its genen 
appearance, but the Scyphozoan medusi 
is more complex in its organization. ' 
Scyphozoa are all marine, and mostcftl 
float at the surface of the ocean ; they ai 
generally transparent, with patches of puipl 
blue, or orange, especially on their rcpro»| 
ductive organs ; the deep-water forms a 
often red or brown. Many are phospiior| 
escent. The greater part of their 
consists of a structureless jelly that is ii 
fact mostly sea-water ; only about one fd 
cent, of the weight of a jelly-fish cong 
of organic matter. One or two spedr 
are curious, not swimming but livdngfl 
the sea-bottom ; Ha^s/us, showii in F 
102, affords a good^«amplc--“it has ( 
structure of i>jelly-fi<h, but leads thej 
of a polyp, attaching itself to weeds r 
like. 

Many jelly-fish develop directly froM 
egg, but in $ome species there is an m 
m^ate stage reminiscent of the ahernjj 
found in Obdia. In Aurel ia, 
the commonest jelfe^&lTor our sho .J 
eggs hatch into d^ pl|nula " 
larvae of and give 

fSgi. Th<; poyP^j 

diWda itself 



Fig, 102. A group of Calenterates. 


flow, fioni left to right, are four Plumose Anemones (Metne/ium), two of the green polyp4ike jellyfish Haliclystus, two Sea^ 
hhos [lealw) capturing prawns, and two kinds of coralline growth (Sertularia and Gorgonia), each the tubular dwelling 
' a colony of liny Polyps. Above, on the leU, is a clear, milky-blue Jellyfish {Aurelia), and, on the right, two glas^ 
Sea-gooseberries {Pleurohrachia) , of which one has just caught a young pipefish. 


' crumpets sprouting tentacles, which 
;tach themselves one by one and grow into 
lly-fish. 

Thf third class, the Actinozoa, includes the 
a-ancmoncs and coraB?^ These animals 
dsi only in the polyp phase, no medusae being 
town, and their polyps arc more highly 
id elaborately organiz^ than those of any 
her group. Some, like the sea-anemones of 
ir shores— the beadlct, the plumose 
icinone, the sca-d^lia and the — 
main solitary through life, but in most 
scs, notably among corals, there is extensive 
idding, which results in the formation of 
ore or less enormous, colonies. The sca- 
lemones, like Hydra, have a mouth 
rrounded by stinging tentacles ; in many 
ecies peculiar threads covered with par- 
'U arly active stinging cells can be shot out 
ough the mouth, or through special 
' side of the body. The 

g kinds—such as the dahlia anemone — 
even c apturc prawns and sznal^ crabs, 
und ^ ^ skeleton of lime, 

ev liu u sometimes inside whi(^, 
always colonial, 
«pin/‘‘ j structures, rotfelike 
P dead man s fingers of our coasts, 


or massive reefs. The Great Barrier Rcef\ 
of Australia, over a thousand miles long and ) 
fifty miles across, is the work of myriads of 
tiny coral-polyps. The Actinozoa arc also 
remarkable for the brilliance and intensity 
of their coloration. Anybody who has 
prowled a rocky shore at lo# tide will know 
how varied the colours of sea-anemones can 
be. The tropical corals are even more 
striking ; there are pink, yellow, green, and 
purple corals ; corals with green polyps 
and crimson skeletons ; bright blue corab ; 
corab with scarlet, finger-like skeletons 
fringed with white polyps. 

A fourth class, the Ctenophores, is sometimes 
classified with thccoelcnterates and sometimes 
puti^ a phylum by itself. The sca-goose- 
berry, Pleu robrac hia, is a delicate transparent 
globe of jell^kc consbtcncy that floats in 
the open sea. Running down the sides of 
its body there are eight comb-Kkc structures, 
each tooth of the combs being a gigantic 
cilium ; the combs arc in incessant motion, 
giving the animal a bcautifUl iridescent 
appearance, and thus it swims through th« 
water. Trailing downwards (but capd^le 
of bcii^ drawn in) arc two long tjjfntadeg 
set, not with stin^ng-capsulcs, but with 
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special adhesive organs. By means of these 
tentacles the creature catches its prey — 
small fishes, crustaceans and the like-^and 
pulls them into its mouth, which is on the 
lower surface of the globe. 

Most Ctenophores live, like the sea- 
gooseberry, at the surface of the sea ; most 
are transparent, tinged viith pink or yellow, 
and some are brilliantly phosphorescent* 
The wonderful “ Venus* Girdle ” of the 
Mediterranean is a rippling, band-shaped 
animal, delicate violet in colour, with a 
brilliant greenish fluorescence, and may 
attain a length of five feet. One or two 
exceptional members of the group do not 
float but creep over the sea-bottom. 

Ctenophores develop direedy from the 
egg without any intermediate polyp-stage. 


sponges have been ^»^paredy ^ 

consistency, to fresh Ever. Mofl # its hok 
were closed with a thin skin of 
of the larger ones— called oscui^ 

were open, although most of theto 
closed at will by means of of tisgJ 
round them, and scattered fireety f)ver 5 
surface# there were microscopically 
pores. ^ 

The creature did not move firoiti piJ 
to place, it remained rooted firmly to a 
and, except for occasional slow changi^l 
the diameter of its oscula an<J pores, it ino^l 
no visible movements. Ind^, s 
are such passive creatures t^t for 
long time their animal nature was 


a vayl 


§4 

Sponges 

It has probably never occurred to many 
of us that we get into our baths in company 
with a skeleton. The sponge that the reader 
employs — unless, of course, he or she prefers 
the flaccid rubber substitute that is attempt- 
ing to oust the natural article — ^may be 
variously formed, for there are several species 
on the market, but it is most likely to be a 
more or less rounded object, a flattened 
globe. Perhaps it has been trimmed a litdc 
by the dealers ; most of the sand that had to 
be washed out of it after it was bought had 
been artificially introduced, for sponges arc 
sold by weight. There is nothing very 
suggestive of a living thing about the domes- 
tic sponge ; and yet when it is examined 
with care it repeals some degree of organi- 
zation. The caverns that riddle it arc of 
various kinds ; there are conspicuous round 
holes, often large enough to admit the finger, 
and leading into neatly trimmed, more or 
less s^aight cylindrical shafts that sink deep 
into its substance, and there arc smaller, 
less regular holes, leading into a labyrinth 
of passages some of which open into the main 
shafts. Moreover, the substance of the 
sponge is itself a network of branching fi|^, 
a network so fine that its meshes arc only 
just visible to the naked eye. These fibres 
are the picked and whitened bones of a 
living thin^. 

At one time the sponge was covered with 
flesh, and it lived at the bottom of a warm, 
shallow sea— round the shores erf* the Mediter- 
raneait) the West Indies, Australia. It was 
a yellowish, brownish, or dark purplish 
object, smelling iaindy of garlic, clastic and 
slightly slimy to the touch ; living bath- 


even suspected. They grow, and therefor 
there must be life in them of some sortX 
but many biologists considered them to y 
1 


plants, and a few even believed them 
the dead by-products of living 
creted by the worms that arc invariablv 
found crawling about in thdir cavities, much 
^ the gelatinous investmehf^f a sea*squirt 
is secreted, or the tubes and cups of a coral 
But just over a hundred years ago Roberti 
Grant made an observation of fundamental 
importance. He noticed that there waj 
always a slow, steady current of water 
through a sponge-^pasaing in through the 
microscopic pores, out through the vents. 
That current is the essential vital activity 
of the sponge ; its means of livelihood and 
almost its only means of self-expression, 
Sponge-cake, spongy iron, spongy platinim 
-~thc name has come to mean anything 
riddled with holes, for a sponge consists in 
the main of a tangle of aqueducts guiding 
its precious stream. Its cavities arc of three 
kinds : there arc die “ flagellated chambers’ 
where the current is both caused and ex- 
ploited, there are inward passages guiding 
the current fitjm the surface pores to tht| 
chambers, and there are outward passaj 
guiding it away to the oscula. A fiageilai 
chaml^r is a miaroacopic cavity lined wit 
living cells posseawd oi long whips like tl 
tails of spen^tozoa ; by lashing their wh" 
they keep the current moving through 
chamber, and indeed through the w 
sponge. Round the tite of its whip f 
cell has a trantqryd^ Collar, a collar wi 
has the power Cf suspended or{ 

particles as dsey cbm by aud passing 
down to the They are 

taken into die.Cfttilpfr'M 

The the current 

flow* 

it brings few 




t s[ nges wtt''Vmi^^\m mvt^ m am »0t 
jj^. is numb^ oE^ fmgpitent a 

Q^cri: which they huiic, in thdr fboa; coni^ ail thedUfiSwat Uads of tWue that ’ 
'll ,ve nothing that caa be caited a form a $popge. iNhen it is isolated it will 
iJith. . . simply continue to grow. Moreoveri as with 

Then arc many diffamitjdhds of singes, Obelia^ a spon^ can be forced through 
root. il to, or in, the bottom of the gauze so that aff its cells arc separated from 
er 01 pond that they inhabit, all making each other ; nevertheless they will clunm 
s slow, creeping current, and giving no together again and rebuild a shoal dt litde 
icr siKo of hfe. There arc common sponges. 

)ngcs tluit form green and yellow ciicrusta- There are twojnethods o{ reproduedpn 
on rocks, crabs and so on, between in this phylum. Inere is the sexual methpik 
c.marks,othera that occur in fresh water— The spermatozoa are tiny cells with 
nctinics in such enormous masses that 
y niav stop up waterpipcs ; some, 
labiting the deep sea, weave glassy 
skets of beautiful and symmetrical 
ipes instead of the homy web we wash 
th. 

The sponge is a very loosely oiganiz^ 
rnmunity of cells. It has a certain 
{iniieness of architecture that varies 
im spc(’ies to species, but its shape is by 
means sierefityped ; individuals vary 
much that the classification of the group 
a matter of extreme difficulty. Besides 
e myriads of milling collar-cells that 
ep th(! current moving there are one or 
0 other kinds of tissue — the muscle-like 
Us that control the diameters of the 
nals, wandering cells that drift about the 
latiiious body of the sponge as they 
pose, recalling our leucocytes, the flat 

Is that pave i ts ou ter surface, and other Fig, 1 03 . Five of the myriads of collared cells which keep 
Is that make the skeleton. This skeleton the water in a living sponge in motion [highly magn^d ) . 
ly be of various kinds ; there are 

»iges whose skeletons arc made of tangled blunt, stiff tails, and the eggs are giant cells 
rny fibres, sponges whose skeletons arc that creep about the sponge like leucocytes ; 
tde of spicules of carbonate of lime, or of fertilization results in the formation of a 
ca. Tliese spicules are generally mi- ciliated larva that swims away, settles down 
scopic, and present a great variety of somewhere else and develops into a new 
Lutiful and symmetrical forms in different sponge. In many sponges — especially in 
cits. But the tissues of a sponge do not the fresh-water species — mere is a second 
npai e lu complexity or diversity of method by means of gcmmulcs. A gcmmulc 
anization w ith our own, or even with is simply a globular mass of tissue that with* 

5e of Obclia. It is even more un- draws itself, so to speak, from the life of the 
iplined, even less individualized than the community to which it belong and endoses 

itself, hermit-like, in a thick nomy capsule. 
iKe a Ccelenteratc, a sponge has great Afrttjbesting for a time in the tissues of the 
ers of reorganization. A small piece spohgie it is liberated, usually by the death 
way iioin a sponge will live and grow — and decay of the parent, and thim proceeds 
n ced there is no very evident reason to grow into a new sponge, just as imy 
s ^ sponge det^ed fragment may do. 
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§ J 

StemSy Leaves, and Roots 

A nd now we come to a vast group of 
living things laid out for the most part 
upon a common plan — the plant world ; 
its importance in our daily consciousness 
is second only to that of our own phylum 
of vertebrated animals. Its structural con- 
ception is still an aggregation of cells ; it 
displays the phenomena of sexual reproduc- 
tion, but in nearly everything else it is so 
different from the lay-out of a^ phylum 
hitherto considered that it is difficult even 
to put types side by side for comparison. 

A plant — our crude description will apply 
to any plant that bears flowers — consists of 
three essential parts ; the stem, more or 
less rigid and holding the plant in shape, 
and at the same time guiding sap from place 
to place, a system of green leaves spread like 
a net to catch as much sunlight as possible, 
and a system of roots branching eagerly 
in the soil, anchoring the plant, and sucking 
up moisture and other substances upon which 
it thrives. We may leave out for the present 
the reproductive parts, the flowers and seeds, 
and discuss very briefly the physiological 
processes underlying the ordinary day-to- 
day life of an individual plant, just as in the 
first Book we began by discussing the day- 
to-day processes, the digestion and breathing 
and excretion, that underlie ariimal life. 
The life of a plant is so different from that 
of an animal, different even in its chemical 
basis, that we shall have to start again nearly 
from the beginning before we can under- 
stand the vegetable world ; but the effort 
is well worth while, for we shall find in a 
simple physical fact a clue that explains and 
clarifies all the mysteries of vegetable life. 

An animal, we noted, consumes food and 
uses it in various ways ; with parts of it he 
repairs and adds to his own living fabric, 
while part of it is burnt in order to give 
the energy upon which his life depends. 
The food that he consumes consists of com- 
plicated substances — substances with large 
and intricately constructed molecules — ^which 
can be broken up and decomposed, and 
therefore used as luel. Now, a plant never 
takes in such substances. The mings upon 
which it subsists— water, carbon dioxide, and 
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various mineral salts — have extremely simp]* 
and elementary molecules, and can under no 
circumstances be burnt. They contain no 
bottled energy, as the food of an anima} 
does. Whence then does a plant get iu; 
energy, the energy for its growth and breedJ 
ing, and for the hardly perceptible ^lov^i 
ments that it performs ? 

If we place a plant in a compartment so 
contrived that we can, from time to time 
analyse the gas around it, and if we keep 
the plant in darkness — ^if, for example, we 
experiment at night — we discover a pro. 
foundly important fact ; a plant consumes 
oxygen and gives out carbon dioxide. It 
breathes just as an animal ^oes. Its leaves 
are covered with minute, barely visible 
pores, thousands of tiny nostrils, as it were, 
and through these pores the gases diffuse 
in and out. The plant, then, is breathing, 
and therefore it must be burning something 
as fuel — but what is it burning ? There is 
nothing in the substances absorbed by its 
roots that could be burnt. 

Supposing now that we repeat out 
experiment by daylight, or even in the 
presence of an electric light ; we get a verj 
different result. We find that things ait 
just the other way round, for now the plan 
is absorbing carbon dioxide and giving ol 
oxygen. And in this fact lies the wholi 
secret of. the apparently foodless plait 
existence, for the plant m^es its food in it 
own tissues — makes it out of water, carboi 
dioxide from the air, and a few simple sail 
from the soil giving off oxygen in the proccs 
a thing beyond the power of any animal. ^ 

The leaves of a plant arc green. This 
because the tissues of the plant contain 
characteristic green pigment called chk 
phylL Chlorophyll is a unique substam 
as far as the chemistry of animals and plaB 
is concerned, for when it is present 
living cell that cell can absorb and inB 
use of the radiant energy contained in 
itself. That, in a word, is the secret ol 
plant. It can drink the pure 
sunlight, and it can use that energy to/’ 
out of the elementary substances tna 
absorbs the higher cmpplcx molecules 
which its tissues consist ^ ,M 

The plant breathes, as wc have a j 
noted, and it breathes continually* 
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ght t)y day. (By day-time, however, 

, brcjiiiing is not noticeable because it is 
and overweighted by this process 
vvoj ks in the opposite direction, involv- 
g th( , l)sorption of carbon dioxide and the 
of energy inside the molecules of 
lemic ii compounds instead of its libcra- 
by their disruption.) Nevertheless, it 
•eathes, and underlying the whole physi- 
ogy of its tissues is a scheme Like the 
lemical scheme of an animal, an oxidation 
comph^x substances in order to yield 
lergy. T^he difference between animal 
id plant is that the latter has something 
t addition. Over and above this scheme 
has another scheme founded upon 
inlight and chlorophyll, by means 
which it can synthesize its food 
jt of the most elementary ingre- 
ients instead of having to hunt 
jout and look for it. Take the 
lost famous chef in the world ; 
ivc him water, a handful of nitrate 
r lime, a teaspoonful each of 
itratc of potash, phosphate of 
utash and sulphate , of magnesia, 
ad a trace of iron (such as the rust 
om an old nail) ; what sort of 
inner could he turn out for you 
oni that ? Give them to a plant, 

;t it absorb them into the kitchens 
fils own cells, and if there be light 
will turn them into delicious 
ssues, into asparagus or lettuce or 
eclioot, into spinach or turnip or 
rtichokes or potato or wheat or 
cas, according to its particular 


pump and violently pulsing b^ood ; the 
slow, steady ooze of sap, imwards and 
downward along the stem, suffices to keep 
its parts in communication with each other, 
and is auick enough for its slow, digr|ificd 
chemical interchanges. Nevertheless, it 
should not be thought that the organization 
of a plant is simple. It has a very great 
variety of specialized tissues, struts and 
girders, pipes, living laboratories, storehouses 
of various kinds, but they are planned and 
specialized altogether differently from the 
tissues of a mouse. 

The plant is built up of tiny organized 
protoplasmic specks just as we arc — indeed, 


ent. 


,, the organization of a 
lant IS v('ry different from that of 
animal— a mouse, let us say. 
mouse has nerves and sense-organs 
tid muscles and a busy little brain, 
ut what should a plant want with 
lesc things ? It has no food to seek, and 
IS ilir chief thing that an animal docs 
brain. Indeed, if a plant could 



iih 


,, 11 a uiani couia 

^ a )out, It would have to tear up its 
t step ! It sits still and spreads 

> aves towards the light, and its roots into 
^ lacks the complicated digestive 
L, "^t?use, for the mouse con- 

be 

has no need to 
® “ “ntents itself with the 
id soil that it finds in the air 

Larp about from place 

■ md has no muscles that toil strenu- 

■ ,t ha, no need of a heart- 


Fig. 104. Part of the surface of a leaf magnified, showing 
the outlines of the cells and the pores or stomata, the 
microscopic nostrils through which the plant breathes, 

A single oak-Uaf has several million of these pores. 

if we look into these intimate details of 
their organization the gulf between animal 
and vegetable, between man and cabbage, 
let us say, seems to narrow. In many 
plant-cells active movements can be seen 
in progress ; the impassive stillness that 
distinguishes cabbage so markedly from 
man breaks down. These movements can 
naturally be best seen in transparent plant 
tissue — ^in the leaves of the Canadian water- 
weed, in the stinging hairs of a nettle, or in 
the thin fronds of mosses— and in ipany of 
these the protoplasm can be seen to stream 
regularly round the little box in which it is 
enclosed, almost as if it were trying to find 
a way out. It is obviously and activdy 
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living, just as our protoplasm is. But there of nourishing moisture, i^jwiestliui 

«>J r . , .._i -_j . jiiently with their neighbours ihr IW 



arc general differences between animal and 
vegetable cells. In the first place, the 
cells of the green parts of a plant contain, 
in addition to 
the nucleus, 
mitochondria, 
and so forth, that 
we noticed in 
the animal cell, 
little round 
spherules within 
which the vital 
chlorophyll i s 
confined. After 
what has been 
said there is no 
need to stress the 
importance o f 
these plastidsy as 
they are called. 
The second point 
is of minor im- 
portance ; plant 
cells almost in- 
variably secrete 
little boxes 
round them- 
selves, boxes of a 
complex sub- 
stance related 
chemically t o 
the sugars, and 
called cellulose. 
Because of these myriads of microscopic but 
indigestible boxes in which the proto- 
plasm of a plant is enclosed mammals 
like cows or horses which lead an 
exclusively vegetarian life have to 
carry longer and more complicated 
digestive tubes than we do. Moreover 
their own digestive juices are incap- 
able of attacking the cellulose and 
thus these herbivores are dependent, 
every time they digest a meal, on 
microbes that live in their bowels — 
but that is another story, that we shall 
recount later. 

The urgent need of an animal is 
food ; that of a green plant is sun- 
light — and herein lies the clue to 
abovc-groimd vegetable architecture. 

Air is plentifiil enough, and, once its 
roots have struck in a suitable soil, 
a supply erf moisttire and the necessary 
mineral salts is g^antced ; but the 
^ird vital necessity, light, is a thing 
that l^s to be fought for. All over 
the WOTld, wherever roots can get 
a grip^ and an adequate supply 


Fig, 105. Three typical 
plant cells from a moss leaf 

Mote tfie tough boxes in which they 
are imprisoned and the oval green 
plastids ranged along their walls. 


Leaves arc a net, spread tp Catch "tS 
invigorating rays. The readet ^11 hav^ 
noticed the beautiful Icaf-mos^ of 
or ivy, the leaves fitting into each othS 
Kke the fingers of clasped hands so that ^ 
little as possible of their area will be shaded 
as much as possible directly bathed h 
radiance. The piterose, starting early hi 
the year and sacrificing this neatness for ^ 
grimmer purpose, flops its rosette of broad 
leaves hastily around so that any other 
seedlings that may be sprouting near by ate 
stifled ,* thus there is no risk of the primroses 
being put in the shade, in a literal sense, 
by a taller and more stalwart neighbour. 
Other plants race each other upwards, to 
be the first to drink the raining rays. The 
trees, spreading their leaves high in the air, 
get ^eir fill of light and the undergrowth 
below has to content itself with their leavings, 
with diffused light and an occasional bright 
fleck that has filtered through — the crumbs 
of light, so to speak, falling from the rich tabic 
above. Because of light-hunger, although 
plants cannot move about as we do, they 
can ""grow with astonishing rapidity ; a 
sprouting seedling, in its eager upward rush, 
can increase in length very much more 
rapidly than any animal can do. Growth, 
the flinging out of an effective leaf-net toi 
catch light, is the dominant, driving activity 
of the plant organism. * 

Below the 1 ^-nct is the stem, supporting 
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and ^ irrying various substoces to Md 
and mineral substances from the 
inint; to ibc light-driven factories 
i. aves, finished chemical products 
3ni tlu leaves down to the toiling tissues 
■ 10 And the roots, sinking hungrily 

to the oil, sucking up raw materials for the 
eeii fat to^work Upon, branch and 
anch a ain into a net of another kind, 
sprt ad not for light, but for moisture. 
Ihcse are the broad essentials of plant 
latonn . 1 here are, of course, many other 
aiures, many variations on the scheme, 
here art , for example, parasitic plants, 
lat find it easier to abandon the strenuous 
yht-race and to suck the nourishing juices 
' their neighbours. The dodder is an 
cample of such a plant, and the mistletoe 
an inteK^sling half-way house, battening 
n the labours of the roots- of other plants, 
ir mistletoe perches at the top of a high 
(c, and its roots, penetrating into the 
ssiie of the latter, suck out the upward 
ream of moisture and salts for the mistletoe 
aves to work upon~an ingeniously effortless 
av of eoniing out top in the light-race. 

And the organs of plants may be timied 
) othei purposes. The leaves may be hard 
ad sharf) to repel vegetarian animals, as 
I gorsc, or the twigs may serve the same 
urpose, as in hawthorn ; there may be 
ores of food, like the swollen roots of 
irroLs, l)cctn)ots and turnips or the bulbs, 
ladc of fleshy subterranean leaves, of onions 
ad tulips. But these are matters that wc 
lall leaver aside here ; the essential thing 
» rciiiembcr is that the primary life of a 
lant is not a food-hunt but a light-hunt, 
lat instead of moving about it grows, 
lat instead of our elaborate apparatus for 
iuscles, nerves and sense-organs it has an 
aboraie architecture of stems, leaves and 
tots, and that all these things are simply'^ 
suits of the fact that plants arc green. 


§ 2 

Individuality in Plants 

J^kat docs it feel like to be a plant ? 

An the first place, it is very doubtful 
ether a plant feels anything at all. In 
sensation depends on the 
specialized scnsc-orgam and 
and there is no trace of either of 
in a pl^t There am 
jfiniriff without too closely 

Jnscion ^ 

^tter ^ associated with tOi 


of any sort of conscious sensation^ It is, 
of come, true dmt many plants grow towards 
the light, or away from it, or towards 
moisture, or in a direction opposed to gravi^ 
tational pull, and in that ^ one discerns a 
responsiveness to external agencies. But 
Hammond, an American inventor, once ' 
constructed a little machine on wheds that 
would follow a light as a dog follows ito 
master, and could be led along any desired 
path in a dark room by simply hnM in g a 
flashlight in front of it, so that these tropisms, 
as they called, do not necessarily imply a 
considering and deciding mind. The move- * 
ments that plants perform — such as the turn- 
ing of flowers and- leaves towards the sUn, 
the opening and closing of daisies \riiich 
depends upon the light, the opening and 
closing of crocuses or tulips which depends 
upon temperature, or even the sudden 
swoon of the sensitive Mimosa pudica when it 
is touched — are brought about by processes 
very different from tiiose occurring in our 
own muscle-fibres. True, there are simple 
plants, as wc shall shortly learn, which sKip 
along by means of lashing tails like animal- 
cules, and Sir J. C. Bose, by using very 
sensitive apparatus, has detected quivers and 
shudderings in injured plants ; but wc may 
safely conclude that even if a plant is con- 
scious its mind is something very different, 
very much more elementary than the highly 
organized individual consciousness that wc 
ourselves possess. Calves’ foot jelly can be 
rrmdc to quiver, an automobile started on 
high gear shudders ; shuddering by no 
means implies pain. 

Looked upon as a cell-community the 
organization of a floweringplant is somewhere 
about the level of Obdia in the animal 
kingdom. Obelia, wc noted, is not a 
discrete, highly specialized individual, but 
a mass of living tissue, growing and branch- 
ing and throwing up polyps of various kinds 
without any very rigid order as occasion 
demands. Vegetable tissue behaves in much 
the same way. The structure of a jdant- 
body is by no means as stereotyped as the 
structure of one of the higher animals ; 
a primrose docs not have a fixed and invari- 
able niunber of leaves, and the branching 
of elm-trees is very much more variable 
than the branching of our own arteries 
and veins. There is an evident reason for 
this, for the plant can adapt itacH to the 
pa^cular comiitions of iUumitoitiofa under 
wluch it finds itself, and grow in g 
as to secure as mu(fo Ugfrt at pqssible^ i 
Many plants grow imd tppt(!4 by meum 
of creepfog iittdcigrqimri 
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grass, for example, has a tough, rapidly 
growing underground stem that sends up a 
bunch of leaves and flowers from time to 
time, much as the hollow main stalk of 
Obelia throws up polyps. The runners of a 
strawberry are similar, and the reader, 
if he or she has ever attempted to weed a 
garden, will be able to think of many 
troublesome examples of the same thing. 
Moreover, it is a well-known fact that many 
plants can be reproduced by means of 
cuttings ; in Begonias, for example, a single 
leaf or even a part of a leaf, detached from 
the plant, will sprout out other leaves and 
rootlets, and reorganize itself into a whole 
plant, just as an isolated Obelia polyp will 
sprout out a new axis-tube and found a new 
colony. Mosses are celebrated for their 
great power of regeneration from cut portions 
of all the organs, and they can reproduce 
themselves by means of gemmules like 
sponges, by separating off little bits of them- 
selves which grow into new plants. The 
bulbils of some of the flowering plants are 
devices for doing the same thing. 

To sum up, then, it is difficult and prob- 
ably wrong to think of conscious individu- 
alized plants. One should think of plant 
tissue as organized in quite a different sort 
of way from our own, as an unconscious 
race, rather than a number of rigidly 
differentiated persons. 


§ 3 


Flowers and Seeds 


Like animal tissue, vegetable tissue has to 
reproduce itself, to spread and colonize 
new localities, and although, as we havt 
seen, it has all sorts of sexless ways of spread- 
ing and multiplying, the principal method 
employed, at least in the higher plants, is 
sexual ; as with ourselves, it involves the 
union of gametes of two kinds. 

Now, there are great variations between 
the different kinds of plants in the method 
of reproduction and in the life cycle. Wc 
shall start by describing the reproduction 
of the flowering plants, and afterwards, in 
reviewing the vegetable kingdom, we shall 
note what arrangements occur. 

The chief differences between the sexual 
process in animals and that seen in the 
higher plants arc due simply to the fact 
that animals move about while plants are 
rooted. Among higher animals, male and 
female sec or smell or hear each other, arc 
smitten with desire, move towards each 
other, make love, and so their gametes arc 
brought together* But plants have no eyes 
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to see with, no brains to lust with, no 
to move with, and they have to rely on out. 
side agencies to bring about the union of 
their gametes. Plants woo each other 
correspondence ” ; they are provided witjj 
elaborate devices for utilizing the transport 
possibilities of winds, streams or insectj 
and inducing them to ^t as go-betweeni 
in this necessary transfer. 

Let us consider for a moment a buttercup 
flower, if possible in the presence of the red 
thing. There arc five brilliantly yellow 
petals, the most obvious parts of the flower - 
outside them are five little green sepals, the 
leaves that enclosed and protected the other 
parts of the flower when it was a tender, 
forming bud. If one of the petals be pulled 
off, a tiny yellow scale will be seen at its 
attached end ; under the scale is a moist 
spot, moist with a droplet of the sugary fluid 
called nectar. This, nectar is a bribe for the 
black insects that are generally found crawling 
over buttercups, and the shiny golden 
petals are nothing more or less than adver- 
tisements, shouting to the insect world that 
there is nectar to be had. Inside the petals 
is a cluster of delicate structures, a ring 
of yellow stamens surrounding a bunch of 
green ovaries. The stamens are little 
stalked knobs, and when they are shaken 
each of them emits a few grains of tlie yellow 
dust called pollen ; this dust is the male' 
element of the plant. A pollen-grain is 
something much more than a spermatozoon, 
but that wc will discuss later. The ovaries 
are green capsules, each containing a 
little round white body which is the female 
clement. From the free end of the ovary 
a short neck projects, ending in a sticky 
yellow spot called the stigma. Just as in 
most cases the eggs of an animal cannot 
develop until they have been fertilized, so 
this waiting globule can do nothing unl^ 
a pollen-grain should fall on foe end of tn 
stigma. This is called “ pollination. 

When a grain of pollen gets on to a stig 
it behaves like a nunutc plant in fevoura^ 
circumstances ; it sprouts out a h 
or filament, the ^>oUcn«tubc, which 
down towards the egg-cell Ifoe a ^ 
growing down through the soil , j| 
the stalk ultimately touches 
and fertilizes it so mat it may dev p 
an embryo. . » . 

The manner of operatton ot tne ^ 
affair is this. Insects a«c attracted oy 
petals and come to ^ net > 
stamens shed their outwar J 

circular groove at the nW 

so that the ins€cts» 
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(jusi , , 1 with the tiny yellow grain*. The 
lot satiated, fly to another buttercup 
(.oiii, lie the meal ; looking for more 
yr (j|,y rub up against one or more of 
stigmas and leave 
few 'i f the precious 
low niains upon 
nj-^aiiil thiM 

.-cells aif fertthzed. V WVV 

;i„st <4' the gaily 

oured llowers with NXW 

ich tide reader is 

liliar work in the (il'FvT0 fj) ^ 
le wav as the butter- L M 

j. their sepals, 
js, nectaries, sta- 

IIS, ovaries, and \\ 1 //1| < fr/ 

rmas can be readily /J/(7 Jl/A 

ntified. The flower 
y be twisted up into 

lore or less elaborate ^ 

,pe, as in snapdragon ( 

Tioukshood fir colum- 
e. And the non- Vt 

anical reader rnay /yV Vv 

trouble in finding Vv 

■ts of the daisies and 
idclions, which are v[ 

single flowers at all ' ' \ 

bunche.s of a great ■ 
iihci of curiously vij 
de little flowers A 

ivded together. But 
h a hand-fens even ^ 

mystery may be | / 

avelled without 


ropods. Most of the flowers that attract 
casual notice are pollinated by insects for the 
very good reason that the petals and perfume 
that attract us arc actually intended to draw 








^ V 








ousdilfirulty. There 
many ingenious 
iifications of the 
:me ; flow'ers may 
:ialize, for example, 
die attraction and 
zaiioii of particular 
is of insects. In 
“I'al, the colours and 
iimes of flowers 
' thc^ part of adver- 
nents, the honey 
‘I fee, and the 
Cts are busy go- 
'^cens between sta- 
^nd stigmas, 
lectin a heavy 
at both ends of 
I'ertilizing 

tiey. ® 


Petals 



Fig, 107, The Buttercup flower. 

Below f l^, a cluster of fruits ; rights a single flower cut across to show its construction. 


ievevet means indispensable the six-legged carriers, but there are other 

feh irn^ 1 is a way ways of securing pollination, and many 
knee plants have utilized the plants could get on perfectly well if there were 
j ‘ ‘ restless prevalence of arth* no insects at all in the world. Grasses, for 
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plant* the individtids arc WX^'iil^cr «_ 
or f>>nal^ so that hlere thrirc E iW;>.possiM 
of self-fertiliiation. But In thwc anij^ 
such ^ snsuls and earthwOTO^ and li^ 
flukes, and in the great nmo^ty of pl^ 
which are hemjaphrodite (mme and femfl 
in one), there are usually precautions* 

restrain self-fertilization. 'rT>e m»l.. t,,.. 
one individual seldom 


example, arc polhnated by vnnd , thw 
naceful Bpik^ arc in reality clusters of smajl 
flowers, but they have no conspicuous wtals 
or perfume, because the Ught, dry poU^ is 
simply blown from plant to They 

have no use for insect visitors* * h^c arc 
many other examples of wind-polh^ted 
flowers, generally small and greenish or 
brownish in colour because they need not 
attract attention. The dangling catkins 
of hazel are clusters of tiny male flowers, 
that is to say, flowers contmning stamens 
but no ovaries, and pollen is blown from 
these to the female flowers, containing 
ovaries but no stamens, which form bud-like 
clusters only distinguishable from ordinary 
hazd-buds by the tiny brush of soft crimson 
stigmas with which they arc tipped. More- 
over, water is used as a medium for this 
transfer by many of the plants that live 


The male halfJ 
fertiKics its ^ 



PoUen grains sprouting in a drop of water, 

Thev Rrow away from the edge {above), U., away from oxygen. 
This growth instinct ” would guide them tn to^^ the egg^ull 
if they were on a stigma {highly magmped). 


therein. In the Canadian waterweed, to 
which we have already made reference, the 
male flowers break bodily away from the 
plants and float about on the surface of the 
^nd until they come up against female 
flowers, when pollination can occur. 

And here we may mention a curious and 
important point. The buttercup, we have 
seen, is provided with an elaborate apparatus 
of petafi and nectaries so that insects may 
carry poflen from one flower to another. 
Why should this be ? Why should not the 
pollen from the stamem drop directly on to 
the stigmas, and so bring about fertilization 
without the bother of hiring an insect inter- 
mediary ? . , , * 

Throughout the plant and animal king- 
donas we find a general preference for cross- 
fertilization ; an avoidance of the union of 
eggs with male elements from the same 
individua]* In most animab and a few, 
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female half, but b naated with the female I) 
of another. ^ i 

As a matter of fact there is no immedy 
physiological reason why ^8clf-fertilizati{ 
should not occur. Indeed, in a number 
plants it does. Primroses, and other flowe 
which open early in the spring before mai 
insects arc abroad, fall back on self-poUin 
tion if they have not been ctoss-pollinatd 
In the violet and the wood-sorrel, whicj 
being modest flowers, arc apt to be ovc 
looked, special flowers are develope 
towards the end of the season ^ 
do not open at all, but are rc^laij 
and automatically sclf-pollmatd 
And many of the humbler flowerii 
weeds, such as duckweed, she 
herd’s purse, ^d groundsel, neat 
always pollinate themselves. Appa 

cntly self-pollination is perfect 
possible and workable, but erd 
pollination is in some way mol 
desirable ; the former b a second-be 
thing, to fall back upon if the latl 
faib. 

In contrast to the modist wcei 
that put up with this second-be 
b the upright meadow buttercu 
the ovules of which cannot be ft 
tilizcd by poUen from the^ 
They just do not respond. 


flower, incy jusi UW U... •~'*'rr7 
not in any sense a sign that setf-fertili 
is generally an impossible method , 1 
device for securing that only P'* 
method, cross-polunatbn, s^l 
enormous amount “ 

has accumulated round the p 
self-fertilization and bi 

process of inbreeding, vimur.i 

accused of pftdudng a low of v gou^ 

generacy, and a die « 

phenomena erf that r 

study of heredity oB l!« li 

laws— the most ihiport^t a ^ 

■are best deferred ^ bei 


fi»th. But we 







self. , tilization its^, THc diirf team 
its .! -popularity, so to spedk, lies in the 
t tha self-fertilized ^milations are more 
moRf Ti( Oiis, less variable than those in 
^ich r*T)ss-fertilization is the rule. As we 
]r n when wc treat of Evolution, 
^iabilifv of the species is a profoundly 
porian! thing, for it gives a basis for natural 
ectioii It) work upon ; in the long run 
riable, cross-fertilized species will tend to 
)plant liomogencous sdf-fcrtilized species 
■rely 1 )rt ausc they are variable. There will 
to he more of the former. It is not 
It inbreeding is inherently bad and out- 
jeding inherently good ; it is merely that 
J latter method affords more opportunity 
Evoluiif)n, for the adaptation of the 
:e to the ceaselessly changing conditions of 
: organic world, that determines its 
;dominance. 

Jut we have dwelt long enough on flowers ; 
us turn to fruits and seeds, to the embryos 
it result from successful pollination. 

have described the process of pollina- 
} in the buttercup ; let us proceed with 
' description, and trace the subsequent 
ints. The little bunch of green ovaries, 
h with a waiting egg-cell inside it, has 
in dusted with pollen ; the sepals, petals, 

I stamens, their purpose discharged, have 
hered and dropped off. The ovaries 
ill up and ultimately become dry and 
d ; inside them the egg-cells are develop- 
into tiny embryos, and being fitted out 
h little stores of food, like the yolk of a 
i’s egg. The embryo, together with its 
i store and the tough membrane enwrap- 
I both, is called a seed, and the enlarged 
ry that contains it is called a fruit. So 
be buttercup each fruit contains one seed, 
t this stage the plant is faced with an- 
Jr problem, a problem analogous to that 
pollen-transfer already discussed. Sup- 
ng that the fruits were simply to drop off 
that the seeds were to germinate in the 
lad beside the parent plant, what would 
pen. Ihere would result a -^bitter 
Bgic between parent and of&pring, their 
wrestling and fencing for light, their 
s lor moisture. It is better for the seeds 
places, so that they 

I j parent or with 

bd iff’ so that the species may 

bical to use the 

L r to be dispersed. 

kenl ^ variously 

kced?'^ ^ 90 that tiwdr con- 

I itiihar wifo a number of 


The plutrNi ahd 

and rifo of svoii^^ add ash 

s^ in tihe wind for pomiaeiiaWe distance; 
The dry poppy^head tockH in thjt and 
as it sways it scatters Side puffii of Seed, like 
a sower scattering handiib of grain* It is 
indeed a better and more even distributor 
of fine grains than an ordinary salt^shaker or 
pepper-pot ; ^ and a household shaker dc-» 
liberately designed from the model provided 
by the poppy has recently been patented* 
The fruits of violet and wood sorra and the 
pods of gorse and the sweet-pea burst with 
surprisi^ violence and qcct their tiny off- 
spnngs into the world. The swis and fruits 
of water-lilies have spongy coverings filled 
with air, by means of which they float for a 
time on the surface of the pond, later to 
become water-logged and sink. The fruits 
of goosc-^ass and agrimony and burdock 
bristle with tiny hooks that catch in the fur, 
feathers or plus-fours of passing creatures, 
and so are carried for great distances l^ore 
they arc dropped, brushed off or noticed, 
pulled off and tossed aside. And there arc 
many other ingenious devices to reward the 
observant naturalist. 

Finally, there arc the fleshy and succulent 
fruits— blackberries, ycw-benics, elder- 
berries, currants, apples, plums, 

oranges, bananas, grapes, p&hes, figs. 
Here, again, we find plants overcoming their 
own immobility by bribing animals to act as 
their postmen. The flesh of an apple, a 
strawberry, or an orange is not a store of 
food for the Rowing embryo, as the flesh of a 
bean is; it is a free gift, deliberately set out 
for birds or mammals to consume. In 
return, the consumers unconsciously dis- 
tribute the plant. They often carry the 
fruit a litdc way before attacking it ; if the 
hard part within is large, like the stone of a 
cherry, it is dropped uneaten to the ground, 
and has thus achieved distribution. If it is 
sniall and inconspicuous, as in a blackl^rry, 
it is swallowed with the rest of the firuit, and 
being indigestible emer^ unchanged from 
the other end of the ahmentary canal ; in 
the latter case it is not only distributed but 
manured. The conspicuous appearance of 
most fleshy finits is again an advertisement, 
drawing attention to the gift. The adver- * 
tisements of firuit are mostly directed at veite^ C 
brates, those rf flowers mostly at imects. * 

Wc may close by referring to the sc^ of 

f onic, whidi employ humbler cartim t rifey 
aveasmall,fl^yappendagethati8i ^ 
ing to ants, and in admdon to bcitig e 
out of their pods they are ibertSm 
about by ffw ants, oAen ftjr A 
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§ 4 

The Flowering Plants 

It is by no means true that all plants 
reproduce themselves by means of flowers.and 
distribute themselves by means of the result- 
ing seeds. These matters are characteristic 
peculiarities of one division of the .vegetable 
kingdom. It is true that division includes 
by far the greater number of the plants that 
now cover the earth with meadows and 
jungles and forests, and nearly all that are 
grown for beauty, or for food, or for timber ; 
nevertheless, there are other plants with other 
methods, and \yith these we shall have to 
acquaint ourselves. 

But before we do so we may note briefly 
that the division with which we have 
hitherto concerned ourselves, which may be 
called either the flowering plants (phanero- 
gams) or seed-bearing plants (spermato- 
phytes), is divided into two classes. 

The first class includes all the coniferous 
trees and shrubs— hr, pine, larch, cedar, 
cypress, juniper, yew, and the rest— and 
also the peculiar tropical cycads and one 
or two other curiosities of which we shall 
learn more hereafter. The conifers bear 
their pollen or egg-cells on little catkins, and 
the female qatkin grows into a woody cone, 
each scale of which bears two seeds, but we 
may note two well-known exceptions to this 
rule ; in yew and juniper, which are classified 
as conifers for other and weighty reasons, the 
fruits are fleshy and distributed by birds like 
other berries. The definitive characteristic 
of this class of seed-plants is that the seeds 
are not enclosed in special ovaries but sit 
exposed at the bases of the scales ; for this 
reason they are called gymnospermsy which 
means “ naked-seeded.” 

In the second class the seeds arc housed in 
ovaries, and the members of the group are 
therefore called angiosperms, which means 
“ with seeds in containers.” The class 
includes nearly all of the herbs and trees 
with' which the reader is familiar. They 
belong to the contemporary world. There 
are no phanerogams in the most ancient 
rcxks ; gymnosperms appear in association 
with reptiles ; and the angiosperms, flower 
and grass and leaf-shedding tree, only 
became dominant as the mammal and bird 
became prevalent in the world. 

§5 

Ferns and Mosses 

Wc tiim now to plants that do not possess 
flowers, and do not distribute themselves 
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by means of those elaborate and sixualiv^ 
produced structures we call seeds. 

The reader will be familiar with 
appearance of one or two kinds of fem I 
he or she has probably only met the L 
paratively unassuming members of tiic 
that inhabit temperate countries. For tS 
ferns attain their fullest luxuriance in tro^SI 
climates. In Central America the coir 
bracken fern towers to double the 
of a man, and there arc species pcculi^^! 
the tropics that ^w like tr^, with eiw 
cylindrical stems sixty feet or more in heb^ 
bearing crowns of spreadinp; fronds, fu 
group is large and varied ; it includes over 
three thousand species, ranging in size froin 
these tree-ferns to the minute filmy fer™ 
hardly larger than mosses. ' 

Instead of bearing flowers and seeds li 
reproduce themselves by means of spores, 
A spore is a tiny particle of living substance 
enclosed in most instances in a more or lea 
resistant shell, and capable of growW 
directly into a plant without any sort of 
fertilizing process. It is a sexless production 
Fern-spores arc produced by proliferation of 
cells in the pale browi^areas that form such 
conspicuous patternings of circles or stripo 
on the lower sides d* the fronds of mosi" 
ferns. The spores are very small ; 
indeed, they are single cclb, and whenU 
are ripe they escape and are blown about,| 
often for considerable distances, by the wind 
If a spore drops on suitable soil it gen 
ates and begins to grow, but it docs i 
develop into a new fem. It grows into ^ 
structure called a prothallus, which, instead ()| 
bearing conspicuous erect fronds, is, in n 
cases, a flat leaf-like plate of green tissue, 1 
than an inch across, and sending a few ti 
roots into the soil. This simple object a 
not a young fern — ^indeed, it is not a you " 
thing at all, for it is sacually mature; 
reproduces and dies without further develt 
ment. It is a generation in itself. Scattei 
over its under surface there arc tiny i 
ductive organs of two kinds, male and fe^ 
The female organs arc shaped like loi* 
necked flasks, and wmting in the belly of « 
flask is a single egg-celL The male ojf 
are simply gbbular masses of tissue t 
proliferating and giving rise to the 1 
elements. Now the nme elements are 
passive, like poUen-cdU# but they . 
actively like spermatossoa. They hav ^ 
bodies, shapoi like a corkscrew J 
tuft of lashing at^ncend ; at 

they usually carry ^4 hwow, bla 
structures wnioh may come ori an 1 
behind without in any way disconcemasi 
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Fig. 109. Th£ Life-cycle of the Fem. 


hi the a Fern-plant (Aspidium). Above, on Ifie left, are two Prothalli--the sexml generation which th 

pr/fu fern he,i>et\'. Below them is a highly magnijied view of the tube, in which the egg-cell awaits fertilization. The eg 
u at the bottom of the tube ; .passing up the ruck is a drop of an attractive fluid rour6i which three spnrns are hovering 


Ittlo swimiiK'rs. These spermatozoa make 
acir way towards the female organs through 
fir irioisiuic that usually collects under the 
rothallus, and they pass down the necks of 
ir flasks to fertilize the waiting egg-cells. 
J1 this is more like animal reproduction 
lan aiiyihing we have hitherto related of 
lants. As the result of fertilization the egg- 
dl liei^ins to grow, and it develops into a 
Hn-plant like the one we started from, 
ivideiitly, \\c have here in the fern an alter- 
ation of generations, like the alternation 
|at we noticed in the liver-fluke. The fern- 
lant produces spores ; the spore grows into 
prolhallus ; the prothallus produces 
icrmaiozoa and ova \ the fertilized ovum 
‘ows into a fern-plant, and so on. Wc may 
)te that there is no very definite purpose 
tills arrangement, as far as can be asccr- 

tL’ than the 

genicnt seen in the higher plants. It is 
t arrang(ancnt that becomes intclUgible, 
view evolutionary point 

iiisi^nnH' amphibians, are 

? from caught in the act of pass- 

the ir ^ to another. 

the ferns cannot get far 


There are one or two other kinds of plan 
that show a similar life-history. The horse 
tails bear their s[>ores on erect cones, am 
here again the spore develops into a sexua 
prothallus. As with the ferns, our temperate 
zone horse-tails are by no means the mos 
impressive ; there arc tropical species thai 
reach a height of thirty feet, and at one time 
gigantic trec-like horsc-taiils were a con- 
spicuous feature of the world’s vegetation. 
The curious club-mosses ” have die same 
cycle of reproduction. These plants arc 
classified together as the Pteridophyta^ which 
means “ fem-like plants.” 

Now it is very interesting to note that there 
arc a number of plants that exhibit a similai 
alternation of generations, but with the 
emphasis on a different stage in the cycle. 
There is no need for us to describe in detail 
the appearance of the little tussockt of various 
species of moss that arc found grPVsang on 
walb and stones, on the boles of trees, in 
squclchy b^ and on the hard ungenerous 
faces of cliffi — indeed, almost anywhere wc 
care to look. The structures that especially 
concern us are the delicate gracdM rods 
with tiny globular or oval csqpsulcs perched 
on their upper ends that may oRen be foimd 
rising from moss-plants, for the capsules arc 
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full, when they are ripe, of a dust of barely 
visible spores. The whole apparatus, stalt 
and capsule, is called a sporogonium, or spore- 
generator. 

The spores are shed from the sporogonium 
and are blown about, much as they arc in 
ferns. When they germinate they give rise 
at first to a protonema — a branching fcltwork 
of extremely delicate green threads having 
no very definite arrangement. This ele- 
mentary, groping web is moss-tissue feeling 
about, so to speak, for the best and most 
comfortable situation in which to settle 
down. Here and there the protonema strikes 
lucky ; it throws special branches up into the 
air to become stems and leaves of a primitive 
kind and sprouts root-like hairs down into the 
soil. In mis W2»^ the protonema gives rise 



Fig. 110, More animal than vegetable in their restless 
activity— two sperms from a Fern {left) and a Moss {right). 


to several moss-plants, after which it generally 
dies, and its offshoots, the moss-plants, lose 
their organic connection with each other ; 
they become discrete and separate things 
^though they originated as parts of the same 
living body. So, the moss as we know it is 
formed with simple roots and stems and 
leaves, and proceeds to live on water and 
salts and air and light in the manner that we 
have already described. 

After a time this moss-plant develops 
sexual organs, very like the sexual organs of 
a fern prothallus and quite unlike the 
flowers of a higher plant. They appear in 
tiny clusters at the ends of the main stem 
or dr its branches. As with the prothallus 
there are male organs producing active 
speimatozba and female organs shaped like 


tiny flasks, with necks down whkjl th* sp^ ^ 
matozoa swim to the waiting cgg-psBs. Xk ? 
the fertilized ejjg-ceU, like the egg,(S 
of a fern and unlike the egg-cdl cjf a ilowc^! 
ing plant, docs not become part of a 
seed but begins to grow and develop at 
It grows into the stalk and capsule that tvA 
have already noted — the sporpgonium. 
gives rise to this mass of tissue that spi outs im 
parasitically from the moss-plant, sue! ^ 
nourishment from it, but which is never^ 
theless not a branch but a child of that pki] 
Here, again, then, we have an alternatiou 
of generations — the sporogonium gives riie 
to spores, each spore gives rise though a ; 
protonema to one or more moss-planh ' 
the moss-plant gives rise to spermatozoa aui 
egg-cells, and the fertilized egg-ccIl givQ 
rise to a sporogonium again. Tl)c 
chief difference between a moss and a 
fern is that in the latter the spore, 
bearing phase of the cycle is larger and 
more elaborately organized than the 
gamete-bearing phase, while in the 
former the reverse is the case. But 
there is another important difference, 
for mosses lack the “vascular tissue" 
of the stem — the installation of pipes 
along which fluids are driven from 
roots to leaves and firom leaves t 
roots. Their transport arrangcmenl 
are very primitive and inefficient, am 
for this reason they never develop any 
impressive architecture ; the leavcii 
must stay close to the soil, and astern 
that soars for any considerable distance; 
is quite impossible. The tallest and 
stateliest mosses, found in New Zca*; 
land, reach a height of about twenty! 
inches. 

Related to the mosses are the 
liverworts, similar but even hum' 

1 structure. The two together 


bier 

spoken of as the Btyophyia, or 
I^ants. » 

Now here b a curious and fascinating sei 
of homologues. Wc have in the fem-cy 
{a) fem-plant, (b) Spores, (^) proth^' 
(d) spermatozoa am ovum, (<?) 
ovum and so back to (a) fem-plant. In^ 
moss we have the equivalent of the 
plant in (a) the subordinated sporogomiil 
which pr^uces (b) djc moss spores ana l 
leads with the inse^n rf a litde veget^^ 
spreading and breakinf up to 
plant, ymch is plainly not the equjv ^ 
ofafem-plantatall, ' 
back to [a) die spesr 
plant is an exalted 
moss-plant is net die 


■ 

So the 1® 
ium sBtl tt 
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r re-ccUs divides afld pm 

:e8 by iu own 'Uii A sd/effoits a specia 
mass of tissues^ and a little clustei 

of egg-cells is dcvcbiwL ' The spore-ccUs ar< 
indeed spores, but they are not allowcc 
to escape from the parent plant ; the massci 
of tissue that they give rise to are femal< 
prothalli, reduced and insignificant, whici 


f ih( [( rn-plant j it is an exalted pto- "‘spore^lh^^^ Wt aside. ^ Each of thow 

liallus 

jN^ov\ t US turn back to the fiowenng 
j^nt. 5 L has vascular tissue like the fens, 
nd tin. u^h a great number of intermediates, 
ean u ace its homology to the fcm-plant. 
j is I still more exited sporogonium. 

Vhert' 1 ; its spore ? 

Well, ii happens that among some of the 
o-callctl club-mosses, which are related to 
“rns, tlu tx‘ are two sorts of spores and two 
orts of prothalli. There arc female 
)rothalli producing egg-cells only, wait- 
ng in their tiny flasks, and male prothalli 
)roducing the active spermatozoa, More- 
)ver, the spores that grow into female 
)rotLnlli arc bigger than those that give 
ise to the male prothalli—indced, the 
alter are just about the size of a pollen- 
pin. And the lives of the prothalli 
Ire short, they are even smaller and 

t ore insignificant than the prothalli of 
rns. I’he plant-tissue is, so to speak, 

)ing all out for the sexless generation ; it 
(uslles perfunctorily through that ancient 
,nd venerable formality the prothallus 
jid gets it over as soon as possible, like 
, worldly chaplain saying a rudimentary 
race before he gets down to the business 
f eating. 

And now let us turn to the more primi- 
ive sted-planis — to the conifers and 
ycads and the like. Here there is an 
ven more swiftly gabbled prothallus. A 
ollen-grain, we noted, does not fertilize 
n ovum simply and straightforwardly 
i a spermatozoon docs ; it settles near 
le ovum and germinates and sprouts into 
little mass of tissue, growing like a thirsty 
)ot towards the ovum, and only a bit of 
I becoming detached from the rest, actu- 
ly accomplishes fertilization. This looks 
spiciously like the growth of a male 
othallus. And the comparison is 
inched by % curious fact : whereas in 
Jost seed-plants the fertilizing elements 
very' different in appearance from 
spermatozoa of fcim there arc one or 
[P exccptions—thc ginkgo or maiden- 

(r tree and the cycadJlin which the 

mot the growing pollen-tube gives rise 
^Pjnlatozoa for all the world like the 
_ atozoa of ferns or mosses, which 
P up lo the ova and fertiUzc them. The 

the fen! prothallus. And the sexual generation is even moit! Ibduodi, 

■the vnn,* is a stmilar story, (We would make it dear that 







Fig* III. A Moss^planiy showing the slender spore^^ 
bearing generation rising parasiticaUy from the Uafy 
semud stems* 

stay imbedded in the substance of their 
parent. The supremacy of the scxlcw 
generation is almost complete. 

In the higher flowering plants, the angio^ 
sperms, we can trace the same ste^^ but here 
the sexu * 
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sperm and showing 
the gradual reduc- 
tion of the sexual! 
generation wiHt 
which we will deal 
later.) 

Now what does 
all this signify ? 
The earliest and 
most primitive 
plants had an alter- 
nation between 
sexual and sexless 
forms ; gradually the 
former was com- 
pressed imtil in the 
higher plants it is an 
unimportant ges|j||fei 
a little mass of dsSue 
packed away in the 
ovary or creeping 
over its top. Why 
should this e ? 
Well, as • we have 
seen, the 
s p e r m a- 
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of the prothallus such 
a plant can never get i 
very far away from • 
moisture. So that 
the cutting down of 
this stage, fiist the ^ 
tucking awiiy of 
the whole process 
into the moist 
cracks of a cone 
on the parent plant 
and then the elim- J 
ination of a free i 
spermatozoon alto, 
gether, is a process i 
of emancipation 

from water. It h 
quite parallel to the 
way m wliich, in 
all vertebrala above 
the amphibia, the 
larval gill-breatliing 
phase of develop* 
ment is reduced and 
hurried 
;•? through in 
' "•it',? the egg- 


t o z o a , 
when they 
exist, swim 
towards the 
ova. And 
they must 
have some- 
thing t o 
swim in. 
In dry con- 
ditions the 
sp erma- 
tozoa are 
absolutely 
helpless, as 
helpless as 
a fish on 
land, so 
that if there 
is a separ- 
a t c pro- 
t h a 1 1 u s 
stage in the 
life- history 
it must 
grow in 
a damp 
place. And 
since the 
sexless 
stage 
sprouts 
directly out 






Fig* 1 12. Fertilization in the higher plants* 

At the top a polUn-tuhe is growing sinuously through the 

the ^ below. The tube is a vestigial generation ; it eoi^tns 

Z:ln (shown black). The grey mass below is a vestigial femM 

contains an egg-cell (shown very dark). This is the typical fg^ 

lilies the fertilizing nuclei in the pollen-tube are spiral like the 

orLsTs^. This U drawn ^ (on a larger sc^ on ^ 

Fig. no And in the prmitive Cycads the 

(lower left). These are evolutionary remirascencest like the transient gut<igfss Hf 


uterus as 
the case 
may be. 
In both 
instances, 
i n higher 
plant just 
as in 
higher ver- 
tebrate, a 
progressive 
emancipa- 
tion fro® 
water and 
an adapta- , 
tion to dry 
» land is 
traceable. 

And with; 
the 

just as with 
the animal) 
it was the 
w“ater* 
inhabititt?' 

f 0 r mJ’ 
which 
: ceded 

f produced, 

^ Ihe dry, 

' land ones* 
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CHAPTER 6 


THE 

LOWLY AND MINUTE ^ 

§ - 2 . The Minutest Animals. § 5 . Plant-animals and Seaweeds. 
Moulds, Toadstools, and Yeasts. § 5. Lichens. § 6. Slime-moulds. 
§ 7. Bacteria. § 8. The Smallest Living Things. 


§ I 

Amceba 

\ S yrt wc have found little employment 
for tli(' microscope in our survey of the 
of life. Here and there we have met 
features too small to be easily examined, 
iiv worms and crustaceans and mites and 
)iifcrs but for the most part they were 
liniaturcs of the larger animals that we can 
te around us ; we have used the microscope 
nly for prying into the finer details of the 
natomy of larger living things. But we must 
jun£?c now' into a world of creatures which 
"nearly all minute, attmning only in 
'jDtional instances such dimensions as to 
iccn with the naked eye. 

is a strange and exciting world. Its 
tence w'as hardly suspected until the 
■nteenlh century, when Anthony van 
uvenhoek a Dutch draper, peered 
mgh lenses of his own making at drops 
^atcr and bits of cheese and the scrapings 
bis own lecth—indeed, at anything he 
Id lay his hands on — and beheld for the 
time their curious inhabitants. 
ii\ enormous and vitally important branch 
biological science has sprung from these 
ervations. Nowadays everybody has 
rd of “ microbes,” tiny insidious creatures, 
•ulating the earth with unseen multitudes, 
ause of their minuteness the smallest 
p of water is a habitable world for them, 

I a few particles of decaying organic matter 
enough to support a thriving microbe 
mlation. They swarm in pools and 
Idles, in the moisture of the soil, in the 
isturc that clings to mosses and other 
nts. Their spores float everywhere in the 
If a few blades of straw or a little pepper 
5ome other organic substance be add^ to 
and if it be left in a glass, it will be 
nd in a few days to be teeming with these 
/ creatures. Moreover, their species may 
to inconceivably vast numt^rs. The 
Bber ol men in the world to-day is about 
enteen hundred millions, and the numbers 
individuals in most species of the lawyer 
are probably lower than this. But 
attain numbers almost beyond 


estimation,' numbers that make such flgures 
as these negligibly small: The green colour 
of stagnant ponds is due to microscopic 
organisms, individually too small to be 
visible ; the colour of the Red Sea is due to 
untold myriads of microscopic plants, “ mak- 
ing the green one red.” There arc microbes 
which invade our bodies and rack us with a 
variety of diseases, there are others which are 
not enemies But indispensable friends. And 
aside from its practical importance there arc 
beauty and wonder in the micro-world. Few 
poems have been written i^tit the green 
soupiness of stagnant pon^^ or about the 
green on the boles of trees or about the 
powdery granules of flinty earths ; never- 
theless, as we explore we shall find creatures 
beautiful and fascinating and of the pro- 
foundest interest to anyone of a philosophical 
turn of mind. 

Abundant in the greenish, apparently life- 
less scum that accumulates at the bottom ol 
most ponds, water-butts and the Ike is the 
curious, elementary little creature known as 
Amoeba. It is a speck of a transparent 
jelly-like substance, about one-hundredth ol 
an inch long, showing very little organization 
in its frankly visible inside. The particular 
individual in Fig. 113 is seen from abovC; 
crawling — or rather flowing — over a flat 
surface ; from the bird’s-eye point of view ol 
the artist it is proceeding expansively towardi 
the left. It is a creature vastly more simple 
than any that wc have hitherto considered 
It has no tissues, no definite organs ; nc 
heart, no brain, no stomach, no kidneys, nc 
bones. Except for two special structure 
that will be considered in a moment, it ii 
nothing but a spot of jelly without enduring 
form — but a jelly that lives — breathing b) 
absorbing traces of oxygen and giving oui 
traces of carbon dioxide, and moving aboui 
and feeding itself in a peculiar and character 
istic way. 

In this jelly two layers may be discerned) J 
comparatively opaque and very granulai 
inner layer and a perfectly transparent outci 
layer, more solid in consistency than tJw 
inner. This layering is not pcitnancnt 
the substances of the two laywi mingle anc 
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arc turned into each other. The feature 
moves by the contraction of the outer layer, 
which slowly squeezes in at the sides and 
back and forces the inner layer forward, so 
that as we watch the granules may be seen 
to stream along in me direction of the 
arrows in the figure. When it gets to the front 
end, the inner layer becomes converted into 
the outer layer, and when it gets back the 
outer layer is absorbed into the inner 
layer, so that as the animal proceeds it is 
constandy being urged forward by the con- 
traedng outer layer. It crawls, so to speak, 
by being everlastingly squeezed out of its 
slan. Its method of feeding is as elcmentaiy 
as its locomotion ; it consumes microscopic 
plants, other creatures like itself, and so on, 



113 * -d Limax Amaba — one of the smallest and 
simplest animals, built like a single cell. 


and, lacking a definite mouth, it takes them 
in indiscriminately at any point on its surface ; 
it simply flows over them and round them 
and, dius embracing them in three dimen- 
sions, gets them into its own body. And 
when it has exhausted their nutritive 
possibilides it flows away from them, aban- 
doning them firom any point at the surface of 
its body. The individual in our drawing is 
prowling about among a number of crescent- 
shaped microscopic |3ant8 ; it has recently 
consumed three of them, and is dragging 
them along in its hinder part and Jowly 
digesdng them. 

There are numerous species of amcebac, 
livmg for the most part in fresh- or sea-water 
or in damp soil. Some of them arc parasidc, 
living' in our bowels (which seem to have an 
irresistible attraction for microscopic orgap- 
isms, for they are populated by a great variety 
168 


of different kinds), and although most of tyj 
parasitic amoebae arc harmless, there is qJ* 
gpecies that causes a serious form of dyscntewl 
The amoeba represented in the 
belongs to a kind found in ponds ; it b cal]^ 
a “ limajc amoeba ** became it crawls smooth 
ly and steadily fomards in one direction li 
a slug (limax is Latin for slug), 'j 
“ protcus amoeba ” has an even less definij 
shape ; its body-jelly can flow out into 
at any point over the surface, and by thro^l 
ing out a lobe and then flowing Ibnvar^j 
into it, so to speak, the creature moves fromj 
place to place. 

In this liquidly gelatinous body twa 
definite structures are suspended. The fitsti 
is an obvious, transparent sphere, situated 
near the hinder end of the body-j 
hollow mherc, filled with a watery 
fluid. If it is carefully watched, thij* 
sphere can be seen to slowly 
larger and larger until intimately it 
bursts like a bubble, squirting itj 
contents through the clear skin into 
the outer world. Then, in a little 
while, a tiny drop reappears, grows 
again, bursts again — and so on, with 
a rhythm of several minutes from 
burst to burst. This structure is called: 
the contractile vacuole. There is a 
apparent parallel between its 
haviour and the slow accumulationl 
and roughly periodic expulsion 
fluid that occtir in the humanl 
bladder, and for a long time 
contractile vacuole was regarded as% 
special excretory organ for getting r * 
of the waste-products of the creatiw|<j 
activity. But, as a matter of fact, h « 

an organ for getting rid of water, 
inside of the amoeba, lila our own insid« 
contains salt and other dissolved substance 
and these substances, by a simple phys 
process, are constantly sucking water 1 
through the surface of the amoeba from “ 
outside. In technical language the dissolve 
salts set up an osmotic prqtture inward, 
water has to be cvcrla&Ugly baled out a 
by the contractile vacume, because oM 
wise 4he animal would «wal up and bui«* 
Most of tile chemical infarchanges betwc 
amceba and its cnvironiaisnt— the abso^^ 
of oxygen, the entisrion erf carbon dJ<» 
and other matters— <)CCUr indiscrunma 
over its whole sur&ce and iwcd no i 


organ. 

The 


second 




h one we 

already rcmaifad ill ^ 

higher typcs*-tilc 
It complcW a ? 
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j^a already Jneyt bcscomc apparent to itatement that ahlasba is an tmfccUular 
. j.f.acjc 1 between the anatomy and gcner^ organism^nicellular because it is l^e a 
saviour of amoeba and that of a white sii^c cell, organism because it is a complete 
,odcui[*usclc, or of an isolated cell creeping living thing in itself— -a statement which 
a tissi I '-culture* ^th arc of a size and implies that a man is a great muxib<nr of 
arc ioasses of living protoplasm without amceba-like creatures, their independence 
iuring ibrm. It is pOMible, because of this sacrificed to the common good, 
at similarity of organization, to look upon We may most clearly understand this 
amcpba as a single cell which is living by statement by comparing amoeba to a naked 
;lf instt ad of being part of a body- and solitary savage on a desert island, and a 
Timuniiy, and for this reason amoeba is human tissue-cell to a trim, bowlerwatted 
lerally called a singic-celled or “ unicellu- clerk, trotting with umbrella and attache-case 
organism. to his appennted desk in the city. Both 

This view is not unanimously held among are built in much the same way, and their 
)logists. Some point out that amoeba corresponding parts work in much the same 
nore like a whole human body than one of way. They are homologues. But one is 
r constituent cells, for it can do a number without the versatility of the other. The 
things that our own cells cannot do. It can, clerk is a specialist in his own particular job, 
example, live in a pond, finding and secur- but in spedalizing himself he has lost touch 
r its own nourishment. No single 
man cell could do that, nor could 
ell from any of the higher animals 
plants. Tissue-cultures have to be 
rcfully nursed and grown in elabor- 
!ly standardized and sterilized fluids 
ntaining appropriate foods. More- 
er, the life-history of amoeba is more 
mplicated than that of a cell in a 
iue-culture, for, besides simply 
iring itself into two halves, it has 
ler methods of reproduction, which 
: shall describe later. Amoeba, in 
)rt, is a whole and independent 
nanism, while the tissue-cell is only 
iubordinated organism. 

Vet it is an attractive comparison, 
ir white blood cells creep about 1 14. Ammba multiplies by simply tearing itself into 
r bodies and consume things very two Amaba {highly magnified ) . 

ich as amcebac creep about and 

d. And if our own cells lack the self- with many of the basal activities of men. 
ppletencss of amoeba, that is closely Remove him from the civilization to which 
proached by the cells of many lower he belongs, isolate him on a desert island, 
vertebrate forms. We have already noted and although he can write and calculate 
pt happens when Obclia or a sponge morccfficicntly than the savage, you will have 
passed through gauze. We can see to take the most elaborate care of him, 
s that originally belonged to a many- providing him with shelter and clothing and 
ed creature wandering about by them- cobked food, or he will surely perish. The 
lost and disorganized like a routed savage, on the other hand, can build a hut 
y- i hey creep about in the manner of and scrape together a meal, and his tough 
and they cap be seen to clump skin can survive exposure to the dements. 
|cr gregariously in enormous floclw ; He is a jack-of-all-trades, albeit doing noth- 
specialize and organize ing very efficiently, and it is precisdy because 
ves so that the clumps, at first form- he is unspecialized that he is independait^ 
ad u.iiiy shape into individuals of a One can trace just the same distinction 
reove polyps or sponges, between a fircc, unspedalized amcel^ And 

linff ^ ^ ^ animals an efficient but limited miiscle-fibm orinerve^ 

gr^ual stam from these cell or gland-cdl ; the latter three, like 
itlv di ^ accustomed to a tfrvidbn of 
bLimr bodies. ThfAe are &cti, labour, and have come to dqjend Other 

units for the sad^^ of of their 
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needs. Extend the parallel one degree 
further ; contrast the day-to-day routine of 
that one-man community the savage, with 
the enormously complicated and varied 
activities of a whole civilized nation, and you 
get a valid parallel to the difference between 
amoeba and your own highly organized body. 

§ a 

m The Minutest Animals 

Amoeba belongs to an exceedingly large 
and varied phylum of minute animals, the 
Protozoa. It is the simplest, the least organ- 
ized member of the group. Most of the 
protozoa have definite and^ enduring shapes, 
and special organs such as lashes or vibrating 
hairs with which to propel themselves ; 
usually they take in food at some special 
mouth-point on their surface. But amoeba 
presents in its nakedness the essential features 
of protozoan organization ; for nearly all 
members of the group are invisibly small so 
far as the naked eye is concerned, and their 
structure is comparable to the structure of a 
single cell of the higher animals. 

The protozoa, having for the most part 
unprotected surfaces over which their chem- 
ical interchanges take place, are confined to 
wet or damp situations ; they cannot exist in 
the absence of moisture (except as encysted 
or resting forms). But nearly everywhere 
where moisture collects they swarm, and they 
may produce the most far-reaching effects. 

The reason why such minute organisms 
can be so very important, both in the general 
economy of Nature and to ourselves, is at 
first sight a paradoxical one. It is because 
their lives are so short. To show how this 
may be, let us return to amoeba. We have 
seen how it is built, how it eats and grows ; 
let us see how it increases and multiplies. 

The simplest method — ^for there are several 
— ^is, by our standards at least, a very curious 
one. It is like the multiplication of cells in 
one of the higher animals. When the crea- 
ture has lived for a time and grown to a 
sufficient size it simply pulls itself into two 
halves, each part getting half the nucleus, 
and the resulting fi-agments creep away and 
live free and independent lives of their own. 
They wander about and nourish themselves 
and grow, and in course of time, when they 
are big enough, they divide in their turn. 
And so on. This simple splitting, this tearing 
of oneself into two halves is the chief method 
in which the protozoa multiply ; it b, so to 
speak, their routine method of reproduction. 
They have other ways. They may vary the 
monotony of continual splitting by a primi- 
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tiye kind of sexual union, or 8oraetin(jj 
instead of dividing into halves they may chjJj 
themselves up into a greater number of bit?* 
into a sort of living mince each particle j 
which can grow into a new individual. ] ^ 
that need not concern us here ; for a ■ 
present we will confine ounelves to the comj 
monest method of splitting into halves. * 
The time that intervenes betwt en suc.| 
cessive divbions varies in the different Ijindjl 
of protozoa. In the larger species * 
individual may live for days or montlul 
before he feels the call to tear his body into I 
living bits. But in the smallest species the! 
time is shorter ; it may be as brief as a J 
hour. Let us consider one of tho.se shoi 
lived kinds ; let us start with a single! 
individual and imagine that it has no enemiesl 
and all the food it wants. It will flourisj 
and grow, and at the end of an hour thercl 
will be two. At the end of two hours there 
will be four. At the end of three, eight. 
And so on, the number increasing ever more 
rapidly. At the end of thirty-six hours thcr 
will be two raised to the thirty-sixth powerj 
which is sixty-eight thousand five hundred 
million — over thirty times the number o| 
people in the world . Thb at the end of a da)| 
and a half ! Imagine that the creature w j 
one of the smallest free-living protozoa, 0 
of the monads that can only be clearly see 
with the highest magnification of thJ 
microscope, this thirty-six hours’ proliferal 
tion would be enough to form quite a respeci 
able heap on a shilling. | 

Let the experiment continue. In anothe] 
thirty-six hours the number will be 5 
— there would be enough to make heaps 0 
seventy thousand million shillings. In i 
week there would be a number so inconceijj 
ably vast that it would be waste of space { 
write it down, and the monads woul( 
together weigh many times more than t 
whole earth. 

♦ Thb is, of course, an impossible exp< 
ment. It b true that most protozoa a 
short-lived, and that they tend to mump 
at this rate, but under natural condm^ 
their numbers arc kept down 
outside themselves, by limitation of the 
supply, by hungry enemies. Neverthd^ 
the calculation shows the ^ 

expansion of a protozoan ^ ? 

favourable conditions. ,And in this a ^ 
the power of these microscopic cr 
The countless swaims ^of 
in the sea arc eaten by mtoute crus ^ 
and these in their turh ^ f i 
and the fish by oth^ W ^ ^ t ‘ 

constantly and by ^ 
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>nt the survivors can multiply 
tl, ,1 the supply is inexhaustible^ 


jly 


the Cl I : y a few parasitic protozoa into 
)l()od o' a man may fill him in a very few 
^ith aiillulating millions of invisible 
, ough to interfere seriously with 
Hal piYK esses, perhaps enough to destroy 

^cre is niothcr important aspect of the 
niodiods of multiplication that are 
d amom these tiny creatures, another 
)n why t h(‘y can increase so rapidly. We 
; noted that the individuals are very small 
that tliev do not survive for long. But 
IS considi r again the way in which they 
r. to be. A protozoon ends its individual 
ence by dividing its own body into living 
-into two halves, or into a greater 
her of fragments. Every one of these 
grows into a complete new individual, 
to imagine that in terms of human 
ricnee. Imagine that when a man or a 
lan reaches a ripe old age he or she simply 
Ics into two halves, each of which is a 
dng child ! If all goes well with a 
[izoon its tissue never dies ; every bit of 
ody is lianded on for the use of future 
rations. Our own metliod is very 
rent from that. Little bits of our 
t's do indeed live on and grow to be 
liciis, blit most of our substance dies 
n we as individuals cease to be. With 
y generation there is an apparent 
age, a st rapping of great quantities of 
rial. Ill the protozoa, on the other 
1 , there arc no corpses ; every bit of 
jzoan tissue continues to multiply and 
• It is potentially immortal ; although 
mdividuals exist only for an hour or 
ncir tissue lives for ever, 
le piotozoa, then, put their whole weight 
the business of reproduction. They do 
degate that all-important task to a small 
01 their bodies. The method that we 
just discussed is a sexless one, but we 
pause foi’ a moment to consider the 
niethods that they sometimes employ, 

rlH ■! equally whole-hearted. 

ais of sexual reproduction vary in 
Jfccnt kinds of protozoa. But\he 
tnnlH nearly always this : 

'ooriff together of the substance 
1 “ "'‘"y separate individuals. They 

tl as^coT'i It**'®*' ^ they 

ther ''tely as drops of water run 
nth',.: a<=hieve an intimacy of 

w X i;." T" b«0“ting 

And 


These protozoa arc divided into four 
classes. There arc first the Rhizopoda, which 
include amoeba ; their name means “ root- 
footed,** and is an allusion to their power of 
everlastingly changing their shape by pro- 
truding and withdrawing blunt lobes or 
fine branching threads of living substance. 
The other kinds of protozoa are more 
definitely and permanently shaped. Two 
orders of this class arc iraportan^thc 
Foraminifera which build shells of carlJKiate 
of lime and the Radiolaria which build flinty 
shells of silica. When these creatures multi- 
ply in the protozoan way by division of 
their bodiw into a family of children, 
their offspring abandon the parental shell 
and make new ones of their own. All the 
Radiolarians and many of the Foramini- 
ferans live floating in the waters of the sea. 
There is consequently a perpetual soft rain of 
abandoned shells dropping on the ocean floor. 
The creatures are incredibly numerous and 
they can multiply rapidly, so it will be mani- 
fest that infinitesimal though they arc their 
accumulations may be immense. In some 
places the sea-floor is covered deeply with a 
greyish mud called “ globigcrina ooze,’* 
which consists largely of billions and billions 
of the abandoned shells of a foraminiferan 
called Globigerina. In the deep sea, where 
the physical conditions are such that aban- 
doned limy shells are re-dissolved in the 
water , only the siliceous shells of the radio- 
laria remain and form a deposit called 
“ radiolarian ooze.” In the course of past 
ages such oozes have hardened into earth 
and rocks, and as, during the evolution of our 
globe, the sea has advanced and receded 
over most of its surface, they have been left 
as geological strata on, dry land. Huge 
thicknesses of white chalk and limestone 
consist very largely of the microscopic 
skeletons of foraminifera. The rock of which 
the Pyramids of Egypt arc built is composed 
largely of the shells of Eocene foraminiiera — 
and the earth known as “ tripoli stone,** used 
commercially as an abrasive or an absorbent, 
is composed mainly of radiolarian skeletons, 
the variety found in the Barbados containing 
at least four hundred different species. 

In a second class of the protozoa, the 
Flagellatay the individuals arc characterized 
by the possession of one to four long lashing 
tails or flagella (sin^Iar, flagellum) y and flog 
themselves along mrough water much as 
spermatozoa do. The group is a large one 
and profoundly important, both from the 
practical and Ae theoretical point of view. 
They are of practical importance bfw^usc they 
swarm in incredible multitudes m the sca^ 
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forming the chief food of a host of crustacean^ ^ ^ 
young fish and other larger creatura 
thus indirectly nourishing man hunself. The 
diffuse phosphorescence of the sea is due 
largely to swarms of flagellates. Moreover, 
there are kinds of flagellate which live para- 
sitically in our bodies or the bodies of our 
cattle and cause grave tropical disease 
such as the sleeping-sicknesses of Afnca, and 
the Indian scourge kala-azar. Theoretically 
theySfc interesting because some of them are 
coloured green with chlorophyll and lie 
on the border-line between animal and plant, 
and because others combine together to form 
litde colonics, a link between the independ- 
ence of amoeba and the communal life of 
our own body-cells. * 

A third class are the Sporozoci. They are 
all parasites. The most troublesome kinds 
are those of the various mosquito-bome 
fevers and agues, ranging from the compara- 
tively mild intermittent fevers, which have 
been abolished by the drainage of our own 
fen and marsh districts, to the deadly malanas 
of tropical countries. , 

The fourth class, the Infusoria, includes 
some of the largest and most elaborately 
organized protozoa. They have denmte 
mouths ; their bodies are covered with hard 
pellicles ; instead of one nucleus they have 
two, of different kinds, one for the ch^ical 
business of every day, the other reserved for 
sexual union and other rare reproductive 
occasions. Instead of one or two propumve 
whips, like the whips of flag^ates, ^ they 
possess whole batteries of vibrating haiw or 
cilia by means of which they swina. The 
cilia may be of various shapes and sizc^ 
and are variously arranged on the body, and 
the modes of progression of their owners arc 
correspondingly diverse. Some infusorians 
glide more or less smoothly through the 
water ; some crawl and then d^ ; some 
spring by means of catapult-like cilia at th^ 
hinder ends. Among the commoner fresh- 
water forms well known to microscopists are 
Paramecium, the slipper animalcule— quite 
laig^e for a protozoon, nearly a hundredth 
of an inch in length and visible as a tiny 
speck to the naked eye — orticella, the belb 
animalcule, a graceful living goblet fast^ed 
to some solid mooring by a long stalk, which 
can shorten to a tight spiral when the animal 
is alanned and so pull it back out of danger— 
and a host of others. Attractive though the 
infusoria are to the possessor of a microscope, 
they arc of little dnrect importance to man. 
The^ do him no good, and, except for one 
species tjiat lives in the intestines and causes 
d^ntcry, ihey^do him no harm. 
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Plant-animals and Seaweeds 1 

Moit of the protozoa are quite obvio^^ 
aidmill ; they wander about and feed | 
the aidmal manner. But there arc curioj 
exceptions. There is, for example, a tij 
creature known as Euglena, ont' of tl 
flagellates possessed of a lashing whip \ 
means of which it swims a^ut. 
Euglena has got two perfectly distinct m 
of nourishing itself and growing. It has' 
mouth and can take things into its body aa 
there ^gest them after the manner of anunaj 
But it is also green in colour ; it possen 
chlorophyll and can build up its tissm 
out of the simplest ingredients after th 
manner of plants. It can do wliichever 
likes. Here then is a problem : is Euglcn 
an animal or a plant ? 

We noted in the last chapter that chlom 
phyll is the characteristic feature of vegetabj 
organization. It enables plante to dispeni 
with the complex food that animals requin 
and a number of the most striking feature 
in plant anatomy depend simply upon thj 
fact. It accounts, for example, for their lac 
of muscles and nerves. But it is not an alw 
lute criterion; there arc organisms, suchi 
the fungi, which arc more like typical plan 
than animals in their organization, but whk 
do not possess chlorophyll. Indeed, it wi 
become more and more apparent as wc pn 
cced with this chapter that there is i 
absolute criterion. Typical plants such i 
buttercups and oaks and cabbagesMfi 
strikingly enough from typical ammalssm 
as mice and men and lobsters ; they a 
green and feed on substances of simp 
constitution ; they do not move about m 
apparently they do not ^ ; their ceUs a 
enclosed in tough boxes of cellulose. Art 
long as we confine ourselves to the n» 
obvious or g a ni s m s the line is ® 

to draw. But when we peer through o 
microscopes at the 
organisms we find the 
dovm. Wc find, for » 

colourless fla^tes winch whip ^ou 
feed like animals; find ve^ * J 

flageUates, vvlnn»M ^thar 9 

way but green and birilding up ^ 
stance in the 

some of the filamwitoW ^ 

threads dT proto^^ ’ 

colourlas, ofc« 
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itous with chlorophyll, ^ch at^ 
but sway and glide about lil 
j.Qscopi serpents by some means that is 
cseii! ( ntircly mysterious. What then 
to :lo? If we regard c)M|||||^yll 
dell! tc feature of plants, th^lfSh- 
arc nimals. If we regard immobility 
the cn'crion, the green flagellates are 
^als- ‘Hid what of the streaming proto- 
im of uuiny plant-cells and the active 
^al-like spermatozoa of ferns and mosses ? 
arc fuucd, in fact, to abandon the old 
^gorical distinction between animal and 
cubic, lo recognize that there are 
isitiorial forms lying between the t\Yp. 
;re is a curious assembly of such forms — 
^rceii flagellates, the “slime-fungi,** 
one or two others — ^which are describ^ 
loth zoological and botanical text-books — 
3rt of rio-man’s-land (or, rather, both- 
fs-land] between the animal and vegc- 
le kiiigdoins. 

aid now w e must point out the indefinite- 
; of a second categorical distinction. We 
:ribed the structure of amoeba and 
lied out that it is in all essentials like a 
;le cell ffoiri one of the higher organisms ; 
ti that fact we based a distinction between 
le-cdled and many-cclled organisms. 

V, the line between the two, like the line 
veen aiiiinals and plants, is not so much a 
black line as a broad grey smudge, not 
much a boundary as a neutral zone, 
e again there are transitional forms. 
k noted that the commonest method of 
oduction in protozoa is simple fission. 

: creature pulls itself into two halves, 
cells, which creep away in different 
ctions and live independently of each 
r. Now, suppose that instead of parting 
remained stuck together, suppose that 
divided and divided and built up a 
ny of many adhering cells instead of a 
jJl^aUon of free individuals, the result 
be a step in the direction of the many- 
,body of the higher animals. And, 

J as this actually occurs 

sLi 1 many flagellates. 

L / forms may remain together 

thl ^ colonies, and 

y cad up to the many-cellcd plants, 

eeds R stages to the familiar 
rdatioMhip the 


2;^ <ro E 

'arious L.'n^ Let us examine 

detail, tlMS gradmg in 

^**"*1. 8«en 

I we have ahpe^ noted. 


L smgie-c^lled 

lands. There is, for citample, flic green 
^atmg on the shady sides Of trees, rocks, 
tcn^, and the like, which consists of 
mmom of tiny, globular, thick-waUed alga, 
i^d there is an enormous group of forms, 
the ^atoms, which arc characterized by 
the siliceous shells in which they live, shells 
consisting of two valves which fit together 
like a pill-^x and its lid. There am very 
many species of diatoms, showing alUridc 
variety of forms ; their shells are patterned 
with tiny pits and 
grooves so fine as 
to be standard ob- 
jects for testing the 
high-power lens^ 
of microscopes. 

They live -wher- 

ever there are ffSi- 

moisture and light, 

but the richest 

variety of forms is 

found in the sur- 

face layers of the 

sea; their skcle- /• 

tons may sink to / 

the bottom, as / • 

with marine pro- r:' 

tozoa, and form i; y 

oozes and earths, v ;> '• 

In some places Vd ‘ 
whence the sea has V’ ‘ 
receded layers of 

fossil diatom shells Fig. 115, Top, a single 
over a hundred individual of the acUve 
feet in thickness green ftagellaU Cklart^- 
have been found, domonas, half animal and 
Such siliceous hdf plant. Bgttom, less 
earths may be used highlj^ magnified, severed 
commercially ; the individuals temporarily <w- 
Idescl^r, which sociated into a colony and 
is mixecW with living in a gelatinous 
nitrorglyccrinc to mass. 

madte dynamite, 

is an sample, and diatom skeletons are 
responsible for the abrasive properties of 
certain silver polishes and tooth-pastes. Also 
conspicuous among the microscopic vegeta- 
tion of ponds and the like arc the desmids, 
algae lacking siliceous shells but showing 
a variety of beautiful and symmetrical 
forms. 

Now many of these single-celled plants 
have a habit of associating ihetna^dves 
into chains or masses, sometimes ton* 
porarily and sometimes for the whole ^ 
thdr life-history.. In this way they lead 
up ^ to the so-called filamentous algie, 
which consist of chains ctf cells stuck 
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together end to end. Spirogyra is an 
example well known to microscopists ; it 
forms slimy, felt-like masses on the surface 
of ponds, and its cells are marked with 
characteristic green spirals. And from 
these simple flamentous forms there is 
an equally gradual transition to the largest 
and most elaborate algse, the seaweeds of 
our shores. 

A few of the seaweeds are green in colour 
— thf sea-lettuce, ulva, is an example — ^but 
in most of them other pigments are present 
in addition chlorophyll, so that the colour 
of the latter is masked and obscured. Their 
classification is based to a large extent on 
these extra pigments ; thus we speak of the 
blue-green algae, the red al^, and the brown 
algae, as distinct from the ^een algae already 
mentioned. 

The blue-green algae are simple in 
structure, some single-celled, some fila- 
mentous, some aggregated into gelatinous 
globules, and do not reach the size or 
elaboration found in the red and brown 
algae. They arc widely distributed in fresh- 
and salt-water. They multiply and swarm 
like other microscopic organisms, and in 
fresh-water reservoirs their rapid develop- 
ment, followed by death and decay, may 
cause serious trouble by giving rise to 
unpleasant tastes and odours. The plants 
winch give the Red Sea its name belong to 
this group. The brown algae, represented 
by the very common bladder-wrack, with 
its gas-bladder floats, that is exposed in 
maisses on our shores at low tide, and by the 
ribbon-like fronds of Laminaria that grow 
by the extreme low-tide mark, include the 
largest members of the group. The Lamin- 
arias that grow on the Pacific Coast of America 
may be over a hundred feet in length, 
those from the Antarctic may be twice as 
large as this. And there are qjther kinds 
in the Antarctic which grow like drooping 
submarine trees, several yards in height 
and having a main trunk as thick as 
a man’s thigh. The brown algae are 
among the few members of the group 
that are of use to man ; some species are 
eaten in China and Japan, and before 
the development of modern industrial 
chemistry they were used as sources of 
iodine and potash — ^indeed, iodine is still 
extracted from them in Ireland — and they 
.are often used as fertilizers. The red 
alga; (whose colour may be red, violet, 
or purple), like the brown, are nearly all 
marine ; they arc a varied group, but do 
not attain the great size or the economic 
usefulness of the brown, 

m 


schlJ 


gred 

worJ 


AJ 


§4 

Moulds ^ Toadstools^ and Teasis 

It is not true that all plants possess ^ 
phyll^ Most plants possess it ; but their 
cxcePIons, organisms with an anatom; 
structure like that of the humbler grli 
plants, but not themselves green, J 
the organic substances that their 
neighbours have built up. 

Everywhere on the face of the 
except in lifeless regions and in a very fiJ 
places where civilized man has built th3 
are the corpses of living things. In a 
for example, there are masses of dead lea^ 
which, with other organic matter, make 
rich rotting layer on the ground. , 
wherever the corpses are found we 
also a host of creatures that feed on thdl 
luscious decaying tissues, animals and plaiJ 
that specialize, so to speak, in well-huij 
food. There are beetles and millip^ 
and worms and grubs of many sorts and theJ 
are bacteria, all fattening on the dd 
material ; but the guests that concern T 
now at this banquet are the delicate whij 
or bluish felts that are known as moulds, 

An attractive provender for moulds 
stale, moist bread. If a bit of bread be lej 
about somewhere exposed freely to the 
there will soon settle on it a number of tli| 
invisibly small, dust-like spores of moult 
fungi. Finding themselves well situaid 
the spores will hatch, and each will givera 
to a very thin, white thread. Tlie threai 
grow and branch and tangle together into 
soft feltwork, on the surface of the bread at 
penetrating into it. They arc not sul 
divided into cells ; their protoplasm fom 
a continuous cylinder, with numerous nud 
dotted about. Seen through a microscop 
this protoplasm is revealed to be in continii 
restless moventent, streaming about 
the walls of the delicate tlircads. 'll] 
tangle of white threads is a simple 
fungus. It has no chlorophyll. It 
organic food, which it gets from the bff 
in a curious way — ^by exuding a dirt 
juice and sucking in a nutritious, digw| 
soup in return. , 

In fact, it digests like an animal, and 
whole world is its stomach, into win 
pours enzymes and from which it 
the products of their action. 

From time to time a branch of one 
threads rises up into the air, and i „ - 
at its free extremity r4ittk 
in the commonest brisad-^^^^- ^ 
bule is a spore-^asO) and 
tiny spores arc dev^pied> to 



THE LOWLY AND MINUTE 


. (0 float in the air in the hope of arc tens of thousands) is ^thcr a saprophyte 

Hng ‘‘ organic matter or a parasite. 

, u And occasional^ there is a In nearly all funj^ the essential living thing 
itnitiv^ sexual process. Two threads, is a web of delicate threads, burrowing 

^wing different spores, meet at the inconspicuously into the material upon 

and ! together to form one mass, a which it thrives. The most conspicuous parts 

jss will' h surrounds itself with a thick, arc the spore-bearing structures. In the 

rd cas< and rests for awhile, ultimately common toadstools and puffballs and mush- 

give to a number of spores. It is rooms, for example, the umbrella or globe 

rious "ote that in these lowly, creeping or hat with which we are familiar is not the 

reads tli<ic is often a division into sexes, whole plant any more than an apple or a 

lerc arc iwo kinds of threads, and they blackberry is a whole plant ; it is merely 

11 only inidc with members of the opposite the fructification, the spore-pr^ucing organ, 

nd. there, is no outward sign of any and the essential living thing from which 

(Terence except that one kind often grows it sprouts is a white silken web that creeps 

ore actively and vigorously than the and digests unseen, in the rich soil below, 

her -neither do they play distinguishable The “ mushroom spawn ” from which edible 

irts during the actual fusion ; nevertheless, mushrooms are grown consists of lumps of 

e fact that there are two strains can be richly manured soil with this living web in 

ade out clearly. it. And even a mushroom with its definite 

There is no exact distinction between shape is not so firmly built as the body of a 

rigi and algae, except that the former do higher plant. There is no brick-laying, so 



Fig. II 6. The germination of a mould-rfive stages in the sprouting of the first 
hypha-thread from a spore. 


)t possess 
ilorophyll. As 
r as form goes, 
me fungi and 
me algae arc 
iictly alike. 

:ic fungi may 
; considered 
algcC which 
ive given up 
ilni op h yll , 
id the in- 
:pcndence 
lich it cori- 
rs, and taken to digesting and consuming 
e organic substance of other creatures 
stead of making their own. Bread moulds 
jd on dead matter, but all moulds are not 
inolTensivc ; some prefer their food fresh, 
hey turn their juices against living things 
id become parasitic digesters of the tissues 
living plants or animus. 

may note that both saprophytism 
iving on the decay of living things) and 
rasitisrn (living on live things) occur 
plants other than fungi. The dis- 
sition to throw up honest productive 
and live on the activity of other beings 
as strong in the vegetable as in the animal 
: ^uman worlds. Among flowering plants, 
^example, the bird’s-ncst orchid is a 
fophyic and the dodder and broom-rape 
' P^^‘^'^itcs. Such plants, having little or 
Chlorophyll, are unpleasantly pale. But 
e are shameful exceptions in a group of 
i plants. The fungi, on 

ervn sp^^cialize in dependence; 

v nc of their multitude of species (there 


Verjf highly magnified. 

to speak, of its component celk : instead 
of the cells being mortared together into a 
solid mass, it consists of an interlacement of 
separate hypha-strands, like a hut of inter- 
woven branches instead of a brick house. 

On the whole the fungi, like the arthropods, 
are malignant towards mankind. Many 
of the parasitic forms cause havoc among 
cultivated plants. The rust, smut, and bunt 
of wheat, the diseases of potatoes, sugar-canes 
and larches, the destructive mildews of roses 
and hops and grapes — these and many other 
plant plagues are due to fungi parasitic 
in the tissue of the sufferers. A few attack 
our own bodies, producing rin^orm and 
other itching affections of the sbn and hair 
— even in civilized countries mouldy cl^dren 
are quite common. The saprophytic forms 
may be troublesome, too ; there b, for 
example, the dry rot that undennmes our 
buildings, as there aire the moulds that spoil 
our food. In favour of the fungi it may be 
said that they are among Nature’s under- 
takers, helping in the decay and disintegra- 
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tion of dead things, and that one or two 
of them have edible, even delicious fructi- 
fications. But this scarcely balances the 
evil they do. 

There is, however, a group of organisms, 
the yeasts, which play an important part in 
human economy and are highly valuable to 
us. They differ in structure from other 
fungi and stand in an order apart. Their 
chemical reactions arc distinctive and extra- 
ordinary. They are single-celled moulds j 
they thrive on various organic inattcrs and 
they arc cultivated because of their residues, 
their chemical excretions, of which the most 
important ingredients are carbon dioxide 
and alcohol. 

Yeast, as usually purchased, is a moist 
powder. Every granule of that powder 
is a microscopic globule of life. An ounce of 
brewer’s yeast contains about five thousand 
million of them. It has been known since the 
dawn of history that if dough is left about for a 
time before it is baked, the resulting bread 
is quite different from the unleavened bread 
produced by baking the dough as soon as 
it is mixed. And it was known, too, that 
a little unbaked dough which had already 
fermented, leaven that is, if it was mixed 
with newly made dough, leavened the whole 
lump. But it was reserved for Pasteur 
to make these facts intelligible. The leaven- 
ing of bread is due solely to yeast ; it 
nourishes itself on the bread and the changes 
produced are manifestations of its life — the 
most important being that the carbon 
dioxide it releases gives the bread i# light, 
frothy, aerated consistency. 

Again, if fruit juices are left undisturbed 
for a time they undergo changes of flavour 
and become alcoholic. This also is due 
to the action of yeasts (of other organisms, 
too, but chiefly yeasts), which live on the 
sugar in the juice and produce alcohol and 
carbon dioxide. If the liquor is botded 
while it is still raw the carbon dioxide, 
unable to escape, dissolves under pressure 
and a sparkling drink is produced. If not, 
the carbon dioxide escapes and a still wine 
or beer or cider results. The various subdc 
flavours of wines depend pardy on the 
kinds of grapes employed, but much more 
on the fact that each vineyard has its own 
peculiar mixture of fermenting organisms, 
Its own stud, so to speak, whose combined 
excreta have a distinctive bouquet. 

From the physiologiczil point of view yeasts 
axt very remarkable because they can live 
in the absence of oxygen. Nearly all other 
organisms have to breathe ; they can no 
more live without air than a fire can bum 
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without air. But ym% ^ 

humbly organfred plants^ l^c dilV 
devices. True, if a yea^ ^ 
with oxygen it will brea^ tidung iJi 
oxygen and riving out Carbon dioxide j 
as we do. But if it is denied an ox\^ 
supply it falls back on another deiS 
it turns sugar into alcohol and carS 
dioxide, a process which yields energy ^ 
as combustion does. It h because of tS 
peculiar method of avmding suffocah? 
that yeasts arc of importance to J 
Buried in the dough of his bread tliey ImU 
it and make it easily digestible ; droww 
in fiat fruit juice, they change it to sparklij 
wine. ^ 

§5 

And next we must notice a widespread 
series of curious forms that are really double 
plants. There are fungi that capture and 
domesticate other plants, as we domesticate 
other animals. 

It was thought until about the middle of 
the last century that lichens, tlie familiar 
encrusting growths that arc found on the 
trunks of trees, on walls, on rocks, and similar 
places, formed a natural group of plants, 
equivrient, for example, to the algae, or the 
fungi, or the mosses and liverworts. But, 
as a matter of fact, they are not single 
plants at all. If we examine a shred i 
hchen through the microscope, we find that 
it is made of two very different kinds of 
tissue intimately mixed together. There 
arc little green cells, and surrounding and 
entangling them thro is a closely woven 
mass of colourless threads. The colourless 
threads arc mould-like fungi, the gran 
cells arc single-celled algic that have been 
captured by the fungi ana arc held prisoner 
in the tangled web. A lidicn is no more « 
single orgaxusm than a dairy-farm is a singk 
organism. 

Each of the participants in this cunoa 
union derives some benefit from 
The fungus, not being green itself, « a_ 
to exploit the synthetic powers of the m 
and to use the sugars and other ma 
that they build up, with the help of ^ 
from air and mristure* la 
of Uchen the fim^ penetrate 
crib and actualfy cot»umc u 

digestive jukes ^ hatf 

the rcsultknt bm*. other ha» 

the alga b 1 

mouM-thieadl more ^ ^ 

getting ^ 
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^pf)s tlian it would if it lived expt»ed on 


rock O' 


the bark of a tree. It is notice- 


le tli o ihe algae that have been enslaved 
lichen-fungi arc larger than free-living 
dividuals of the same species, much as our 
,inesti( iicd cattle and sheep and pigs 
e fatter than their wild relatives. As a 
ol this mutual assistance the lichens 
n erou m places which are too barren to 
port any other form of vegetable life. 

The fungi are the dominant, active 
embers of the association ; it is they that 
pturc tJie algae that arc enslaved. The 
ecific characters of a lichen—^its form and 
lour and so forth— depend on the particu- 
r kind of fungus that it includes. Moreover 
e lichen -making fungi arc completely 
pendent upon their captives, and they 
innot live by themselves (unless they are 
lefully nursed in the laboratory in a nutri- 
[t solution). The algae, on the other hand, 
e involuntary partners ; they belong to 
lecies which normally live independently 
I themselves. Often several different 
nds of lichen-making fungus make use of 
;c same species of alga ; there is one kind 
hich us(‘s two different species. 

Perhaps the relations between fungus and 
ga will be most clearly understood if we 
insidei the methods of reproduction of 
;hcns. Of these there are three. The 
•St is simple fragmentation ; if any part 
a lichen be broken off and if it blows or 
mbles or rolls into a suitable situation, 
e fungal threads will sprout and grow and 
e algjc will multiply, so that the fragment 
VGs rise to a new lichen plant. The second 
ethocl, slightly more complicated, is by 
cans of special and characteristic buds 
lied soredia. A soredium is a tiny spherical 
irticle, consisting of a number of fungus- 
reads surrounding and holding one or more 
the alga: ; it is like a party of settlers 
5ving to a new region, the fungi being 
E active members of the expedition and 
; alga: corresponding to such livestock as 
Jy take with them to ensure a food-supply 
ten they arrive and settle. Soredia arc 
crate in thousands from the lichen as 
powder)^ mass, and arc distributed <by 
1 the fungal part 

inner ‘1-7' the usual 

its I without the participation 
!Y associates. Such spores, when 
: germinate, arc faced with 

anelimr ' necessity of finding and 

appropriate alg« j nnl« they 

“ itarvak>n. 
by wredia is, evi4«atly:.-tfae. 


safer method, since the fungal emigrants 
tike a stock of algae With them ,* on the other 
Imd, soredia are large and heavy compared 
with fungus sporcs-^though to . our eyes 
they arc minute powdery granulcj^^so that 
the spores can be carried for much greater 
distances by the wind, and spread the species 
through a wider range. 

We have noted that the association of 
these two very different kinds of plants 
enables its. participants to live under con- 
ditions which would be impossible to dthcr 
by itself. This fact is clearly shown by the 
geographical distribution of lichens, which 
are found almost everywhere on -the face of 
the earth. The largest and most elaborate 
lichenous plants arc found in the tropics ; 
from thence they range to the otherwise 
bare rocks of Arctic and Antarctic coasts 
and to mountain heights uninhabitable by 
other plants. They are even foimd on 
rocks lar above the snowline. In Arctic 
regions lichens are more plentiful than any 
other form of plant, and such forms as the 
“ reindeer moss,” ” Iceland moss,” and 
“ tripe de rochc ” are important articles of 
food, both for reindeer and for hard-put 
men. In the barren steppes stretching 
from Algeria through Palestine to Tartary 
Ac manna-lichen, growing on Ae ground 
in little, pale greyish lumps, is eaten by 
men and beasts — ^indeed, by saving Ac 
Israelites from starvation during Acir 
wanderings this species may claim to have 
had more influence on Ac present political 
and economic situation of the world Aan 
any oAcr vegetable organism. Before Ae 
extensive use of aniline dyes the lichens were 
used as sources of pigment ; litmus, the 
acid-alkali indicator of chemists, is an 
example. 

The lichens arc the classical example of 
the biological phenomenon known as 
biosis. This term (which is Greek for 
” living togcAer ”) is ^plied to cases when 
pvo organisms of Affwnt kinds live in 
mtimate union, and to Ae benefit of boA. 
In Ae lichen, as we have seen, boA Ae alga 
and the fungus derive some benefit fix)m Acir 
union, although the fungus is Ae active 
member m bnnging it al^ut and certainly 
profits most. It is interesting to find that 
iichens can be divided into two groups, 
each derived fix)m a different fungus type. 
The two groups must have taken to domesti- 
cating green algc quite indq;>cndexitly 
of cadb oAcr. There arc oAcr tjiascs where 
single-celled algse are captuied and domesti- 
cated in this manner by plants, and even by 
anixnals. A cAaracterii^ fi^tiure ^ the 
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radiolaria, for example, is the in 

their bodies of tiny globular 

cells.” These cells are alpe, cnta^rfi^j 
held in the protoidasm (n the radwariaa j; 
they can survive tnc death of their host am 
live and multiply independently. Here, 
avain, the radiolarian benefits by the 
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IS a 1 


slimy mass of protoplaan, an almost f’ 
less mass without cells or — ' ■ ■ 


rymhetk'^w7m orthe'alg*, and thi alg* to^mical 
tenefit by being protected. There arc Mjxtwgeslst, in«im« 
similar organisms in other protozoa j and (020fl« m e atiit i c 
even in the tissues of certain many-ccllcd 
animals. Some species of the common 
fresh-water polyp Hydra (Chapter 4, § 3) 
are coloured a brilliant green by plant- 
cells in their tissues, and nearly all corals 
have yellowish algx in the inner layers of 
their bodies and apparently cannot live 


_ , - special tiffins. 

Its appearance wies from species to sdw'« 
It may be translucent, or white, or nul 


or green, or yellow, or puiple ; it is 

isily seen, 



Fig, 117. The birth of a Lichen— fungus-threads, which 
have just grown out of spores {Fig. 116), are surrounding 
and capturing globular alga {highly magnified). 


without them. And there arc flat- worms 
and sponges which do the same thing. 

This relationship provides an amusing 
armchair speculation. Should the algK 
in a radiolarian, say, be called part of the 
organism or not ? Pro : They are appar- 
ently indispensable to the organism, an 
integral part of his body. Con. : They 
can survive his death and lead happy, 
active lives of their own. The triplex 
author leaves this nice question unanswered ; 
he states the facts and leaves the interpre- 
tation to his reader. 

§6 

Slime-moulds 

We come now to an exceedingly curious 
group of creatures lying on the broad 
frontier between the animal and vegetable 
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large enough to be easily seen, and m 
extreme cases such as the bright yellow 
“ flowers of tan ’* it may be as much 
as a foot square and two inches 
thick-one can fill a bucket with this 
formless creature. It is found in 
such situations as decaying logs, old 
tree-stumps, heaps of rotting dead 
leaves, and the like. Usually it is 
spread out as a thin creeping fihnof 
living substance without enduring 
shape. It is nearly as structureless 
as a dropped egg. To the naked 
eye it presents a veined pattern, 
having a network of thickened 
strands connected together by thinj 
films in the meshes. Seen throughj 
the microscope, it is a simple sheet 
of protoplasm without nerves or- 
muscles or digestive organs or anyl 
such specialized parts— not even] 
divided up into cells. It is dottedj 
with thousands of nuclei and con- 
tractile vacuoles ; the protoplasml 
consists, like the protoplasm of an! 
amoeba, of a clear outer layer and granulari 
inner mass. The creature is, in fact, like aj 
gigantic amoeba. 

The substance of this plasmodiuin, 
the large, creeping stage in the life-hist 
of a slime-mould is called, is in 
sluggish motion. It ebbs slowly 
thither, often with a regular rhyth^ 
motion, flowing in one direction for a mm 
or* two and then revemng. Genera y 
streams in one direction are ' 


stronger than those in others, and so 
of thin fluid jelly surges along. 1^*5 
is so slow as to be bardy perceptible , n 
theless, it creeps with an appear n ^ 
appetite and ^ 

it is about to form ^ ^ j 

makes its way into damp, dark co 
its advancing firingc it. puts ou t 
draws lobes; like the lobes of an am 


the lowly and minute 



1 18. 7 Ik i^focfful spore-cases of six species of slime-mould-~magniJud to about twenty times life size. 
They common on rotting wood, dead leaves^ and so on. 


it {\iii flow around and thus consume 
mailers upon which it lives. It will 
aside from its course to flow over 
;liiaeii\e lump of food. In most cases 
dead and decaying things arc taken into 
shapeless interior to be digested, hut 
; are species which feed on living veget- 
prey on I'ungi, for example, 
bdtanisi once made a slime-fungus flow 
a dense pad of wet cotton wool, 
proyn-essed, its substance broke up into 
ultiiude of parallel streamlets to pass 
the interstices of the wool, and as it 
gt'd on the other side they joined up 
1. Previously it had contained great 
wis of the dark brown spores of the 
on w hidi it was feeding, but now it 
cdouilcss ; they had all been filtered 
left behind as the protoplasm oozed 
Idi tho ^vooL Many slime fungi spend 
^ their lives thus permeating through 


mies under adverse conditions (su< 
ugit) the creature passes into a rcstii 
1 art of its substance hardens 
consistcng in order to protect tl 
^ C>f hollow capsule 

b li U housing a mass of fluid prot 

of c t i" Th 

psiilcs can live, motionless, withoi 


giving a sign of life, for as long as three 
years. When conditions become more 
favourable — when the resting mass is moist- 
ened, for example — the hard cyst-walls are 
absorbed and the contents flow together 
into a single sheet again, and continue their 
slow, creeping life as if their long inanition 
had been only the sleep of a night. 

So far our slime-mould has behaved more 
like an animal than a plant. It creeps about 
like an extremely sluggish animal ; not being 
green, it feeds like an animal. But its 
reproductive processes are definitely plant- 
like. Because of this alternation between 
an animal mode of life and a vegetable mode 
of reproduction the group is one of those 
frontier forms that have found a place both 
in zoological and botanical text-books. 
The slime-mould reproduces itself by means 
of spores, contained in fructifications that 
remind one of those of the true fungi. 
These sporangia, as they are called, arc of 
various shapes, depending on the species 
to which they belong. Fig. ii8 gives an 
idea of the range of form that is found. 
They may be spherical or oval or cylindrical ; 
they may rise on short stalks as knobs or 
cups or mushroom-like umbrellas. Usually 
they arc extremely small and have to be 
examined with a low-power lens. Besides 

T»Tn 
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confining 

fibres in them, which uncoil like spnnp 
SS Sey are moistened, thm jerbng out 
Tc sporl, which are then distributed by 

'^The process by which the inchoate, 



'i &c Warts nfl 

»talkisfog| 

their. 



The growth of a Slime-mould. 


' Fig. 119. - . 

From the spore {seen higUj, magnified at i) an ^r^^ha-lf e 
creature emerges; it temfiorarilp aegmres a long, 
tail, so that it can swtm or creep as i( /'(«“«• 
these creatures collect and flow together mto proMlasmu 
sheets. This union is drawn to a smaller scale below. 

creeping film of protoplasm converts itsetf 
into a number of highly specialized and 
elaborated sporangia is extraordinarily 
interesting. It is almost as if a mmp ot 
plasticine were suddenly to pull itscU 
together and model itself into a working clock. 
In those species which have stalked sporangia, 
for example, the protoplasmic sheet slowly 
heaps together in a number of places, 
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substance ; the wmi Hving iluid dims 
up this stalk as it makei it and, at the 
it hardens and dabcffates itself intol 
complicated structure that we h! 
briefly described. In this maim 
Ihe whole plasmodium turns 
into a tiny forest of sporangia-tl 
process taJdng somewhere about 
day. 

The ripe spores, a few thousandH 
of a millimetre across, are bioi« 
about by tj^e wind, and if they setS 
in a damp place with a supply t 
decaying organic matter for fob 
they hatch and develop. The cita 
turc that escapes from the haii 
spore-shell is 01 microscopic dimcB 
sions ; it is like a combination of a 
amoeba and a flagellate, having 
plastic body and a long wliip-lii 
tail. It can either creep like n 
amoeba or dance like a flagellate 
Moreover, it reproduces by division as th 
protozoa do, and so may give rise to a grea 
number of similar “ swarm-cclls.” Aficri 
time these swarm-cclls show a sociabl 
tendency ; they collect together in groii] 
and they fuse with each other in pairs, con 
pletely and unreservedly, like the spenni 
tozoon with the ovum. The rcsuli - 
this simple sexual process is a microsis? 
plasmodium, a miniature of hie pro# 
plasmic sheet with which we began a 

'^'xhis tiny film creeps about, leedmg ( 
bacteria and the like and slow y growii 
but it does not develop directly u o 

fullv-KTOwn plasmodium— at least, no 
hs oXUaia^ efforts. It takes more* 
oneTrake an adult. Wiene- g 
creature meets another such sheet JetoJ 
to the same species, it mixes eag«b ^ 

new acquaintance Ae two fo * ^ j 
2 .,.. And lo on. So that tnc» 


living niass. .^'won. 
large plasmodium b m a ubj 

hundrL of .*lTincliy 

have completely merged J 

into one shapeless 
that whenever two pcoplc ® 
the street they run ^er, » 1 

as drops of water run 
ultimatSy the whd* 
is rolled up into 

substmice that of thing \ 

•creaturcrli«t'i^^‘^ji„thcl 
happens as a ^ 

hbto^ of a 
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Bacierk 


^:^ ' ^ ' /;' 'bettor, 


Ke sill ‘lest and most humbly organked 
tuir we have hitherto coiiidcrcd 
\lu si i Mle-cellcd animab and plants— 
(rba I K flagellates, the lower algae, and 
But there arc smaller and 
jj.!- (,K itflsms even than these. For the 
of most bacteria arc incredibly 
^11 Tli( common bacillus that is found 
nfusloiis (if dead organic matter the woid 
j. is a short rod about one-thousandth 
a millnnctrc (one twcnty-fivc-thousandth 
an inch) across and five or eight times 
joiitr. That may be called an average 
teriuni. Some kinds of bacteria are 
iger than this and some arc very much 
allcr, hut most are of about this size, 
aginc such a bacillus enlarged to the 
s of a cigar, half an inch across by four 
hes long ; a man magnified to the same 
ent would lie fifteen miles in height. 

There is little room for specialized struc- 
Ts ill fJuc h a liny interior, and indeed its 
^aiiizalion is far simpler than that of any 
the cells that we have hitherto examined, 
has none of the various writhing bodies 
it we noted in a tissue-culture cell, 
lore is not even a nucleus. The chemical 
bstanres that characterize the nucleus 
aniinals and plants are diffused through 
whole bacterial body, mixed in with 
? rest of its substance, instead of being 
nhned within a special vesicle. A bac- 
rium is little more than a microscopic 
&b of protoplasm having a definite shape. 
DKTiver, the life-history of our bacillus 
as simple as its anatomy ; the things it 
n do are \ery limited. It can grow and 
Dliferat( (lyy simply breaking into two 
hes) with incredible rapidity. The 
prage length of life of a bacterium that 
ps itself in lavourable surroundings, the 
pc between successive divisions, is twenty 
putes, so that in rapidity of multiplication 
Py leave even the protozoa behind. And in 
m cases it can weather difficult periods, 
unfavourable for its 
pwm, by turning into a resistant, tough- 
L ^here is an important dificr- 

'itTv! between the spores of 

j na and those of other creatura. The 

ctivc example, are repro- 

'St amoeba produces a 

'Lr n a But 

ttive I.’, K u”* rroro- 

“a'si. 'i. •’^ctenum convert! &df 

“'HR Mnriv*^°''ui device! for 

‘g "iii.wourable condition!. 


^ I<sca}ise k » 

to mterpitt the dtiugs that bacteria do in 
terms o[ our own pcrsonil experience) 
consists in an alternation of two phas<^ 
Ac active phase proliferating with astonish- 
ing rapidiw, and the passive, resting spore 
with equally astonishing powers of resisting 
adverse conditions. Active bacteria arc 
killed at once by the heat of boiling water, 
but Acir spores may survive boiUnff for 
several hours. Indeed, in order completely 
to sterilize surreal instruments or fluids 
for use in bacteriological work it is necessary 
to expose Acm to moist steam at about 
double atmospheric pressure and a tempera- 
ture of 120® Centigrade in an instrument 
known as an autodave — and even under 
these scalAng conditions, some spores sur- 
vive for a quarter of an hour. At the other 
extreme, bacterial spores have survived 
prolonged exposure to Ae temperature 
of liquid air (—190® C.) for six months. 
The creatures can five for very long periods 
in this spore stage, perfectly passive, waiting 
as it were in a trance for an opportunity 
to emerge and grow and Avidc. They 
have been kept for three years m this con- 
dition and have been fully capable of revival 
at the end of Aat time. Taking Ac normal 
life-span of a bacterium as twenty minutes, 
these spores slept during Ae time of over 
a hundred thousand generations of active 
bacteria. It is as if a man had passed mto 
a trance ages ago, before ever Ae Pyramids 
were built — even before anyAing at all was 
built, for he might have been one of Ac 
earliest flint-chipping men — and woke 
blinking and rubbing his eyes at Ac present 
day to go about his accustomed occupations. 

In this quiescent, resistant state bacterial 
spores wait on Ac ground, in the sea, in Ac 
air for an opportunity to hatch and grow. 
They have b^n found frozen in icebergs. 
They have even been found in hailstones, 
whidi shows Aat they float very high in Ae 
air. If Acy are lucky enough to settle 
in a suitable spot Acy grow and proliferate, 
in some species with almost miraculous 
speed. A flask of sterilized broA, inoculated 
with bacteria by dipping an infected needle 
into it, may become visiWy turbid m twenty^ 
four hours* time. Every cubic inch of Ae 
broA will now contain some eighty Aousand 
million organisms. 

A striking peculiarity of bacteria is Aat 
Aey have no trace of a sexual stage in Adbr 
life-history. Even m Ae lowest protoieoa 
and alge Acre are primidve kinds of sexual 
union, blenAngs of cell wiA cell. But 
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ot tneir oouica. ^ - * — “ - ^ ^ between bacteria anu uic uagcudic 

for example, is caUed a bacillus { , uncertain whether they arc to«| 

a spherical bacterium is « ’ nearly related to the former or to the I 

and a curved or wriggling b lashinc Moreover, in some ways, bacteria are 

spiriUum. ® t one end of like yeasts. The bacteria, then, merge in| 

whips— either one, or a tuft at on Jimpler animals and plants just as t? 

But nevertheless, their range ot to ^ — ,, Unf nrtt nf g-r^nlnmA k. 

sss oftc. s«i'' riTdi, 

bacteria look so much alike as ‘o be dis 

,i,«d.h»bk onl, by th= 'ff““ 
pAcb. Th« ar;, tor 


the simpler aiuiuaia 
latter two groups merge into each other! 
Usually they are regarded a^s being 
animal-like than vcgctable-likc (they 
described, for example, in standard texi| 
books of botany but not of zoolog)), buttJ 
again is a nice question ; there are bacteril 
that wriggle very much like animals ani 

• 1 ...1 f\r\ rtriramr* rf\nrt nr. 


that wriggie vciy aunm 

tinguisnauic uiuy -7 three nourish themselves on organic food not a 

produce. There are, for ’■ all after the typical plant manner. Indeed 

Unds of bacteria almost indistm^ h^b^^ between animal and plant is sud 

in appearance, with globular bod vaeue one that the question has lili 

form^W chai.^; ^be fint caus« tl^e this level of being, th 

souring of milk, the second r j distinction of plant and animal, like ih 

blood and causes a rapidly fatal distinction of sex, has practically disappeara 

while the third is a u ^thv It would be difficult to overstate IM 

creature nearly always present in the hea y jntportance of these creatures- 

human mouth. diversity nvisibly small, but swarming in incalci 

It is because of their physiological y Multitudes. There is hardly a hums 

that the bacteria are remarkable. Ihere lame mui 
are bacteria which show the profoundest 
departures from the normal jb^mica 
method by which animals and plants get 
their energy. Their engines run on unusual 

fuel. Some get energy by oxidizing sim^e 

inorganic compounds— for instance, by turn 
ing the inflammable, foul-smelling gas 
sulphuretted hydrogen into sj*!pb«’''c aciff 
Others have to use sodium thiosulphate to 
Se sulphuric acid. Others, again, can 

energize themselves by burning ammonia. thinffs is in large mcii^uiv. , 

ZThy means of these device the creatures of dead “ ^te into the H 

can build up the complicated orgamc sub- b^tena. y ^ behav I 

oxwen andTre poisoned by it. But most ‘‘oibbactena A p 

bacteria are more conventional than this; would be c P , , unemotional swn 

A^ Kuel and need oxygen and nourish haps/o^ ox.de 

th^clves like animals or fungi on the living - chlorine an , „,.inurs .n 

or dead bodies of other creature. 

Wc noted in an earlier secUon how difficult 
it is to classify micro-organisms into cate- 
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lable multitudes, mere is imiuiy a i.uum 
activity that is not affected in .some way b 
bacteria, acting either as friends or s 
enemies. There is hardly a nook or crann 
on the surface of the earth that they^ 
not inhabit. Th^ are found in the aj 
in the soil, in the waters. The bacien 
in the air arc chiefly carried on parM 
of dust ; the air of an asscinbly haU 
was found to contain nearly ten th J 

bacteria and two thousand five hu 

mould-spores per cubic 

of dead thin« IS m latje m ^ 


^aps for such cold, un^ouonai.^^ 

. chlorine and ozone an i 

nitrogen. And roost of ^ cteaW 
world are due to floweia i 

There arc, of course, many 
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1 . ih characteristic smells for which 
directly responsible, but the 
Oi' decaying things (not reaUy a sign 
t.aU. but a sign of twimng bacterial 
• tin lurll of a sea beach, the smell of a 
*’^’.1 i,, u inter, the smell of a stable, the 
“‘ll ol I be earth after rain— these are all 
’Irial odours, produced by creatures too 
II t(, lie seen. The most subtle and 
licird and delicate perfumes that 


*’^’,1 i,, u inter, the smell of a stable, the 
“‘ll ol I be earth after rain— these are all 
’Irial odours, produced by creatures too 
II to be seen. The most subtle and 
llicaied and delicate perfumes Aat 
know are produced in this way. The 
Miauct of a wine is due to the swarms of 
i,r^>ol^anisms that have thrived in it, 
id it is at least possible that the subtler 
Ivours ol choice cigars arc due to bacteria 
have lived on the heaps of 
iJ^acco leaves when they were put 

jttodry. . . , , , \ 

The bartf iia, indeed, are on the « 
hole a nuK'li-abused group. They ^ 

,e usually spoken of simply ^ 

■ealurcs w hich cause disease ; their 
lore bmeficial activities are less 
idcly noised. It is, of course, true 
lal there are disease-producing ^ 

acieria, and very important ones— 
liolera, typhoid, diphtheria, plague, 
neiiinonia, tuberculosis— these are ^ 

nl\ a h'w of the major disorders for eP 
hirh bacteria are responsible. We 
lall return later to this side of their 
ctiviiies. hut for the present we ^ 

rill note th(‘ existence of other kinds 
f bacteria, even friendly bacteria, 
hr It is no exaggeration to say that, 
athnut bacteria, life on this world 
rould be quite impossible. 

Bacteria, for example, are very ^ 2 ' 

nportanl in agriculture. There The badl 
rc a number of kinds of bacteria 
ving on the earth wliich lay hold 
f the nitrogen gas in the air and 


Others that make foul. For this reason it is 
customary in scientific butter-making to 
sterilize the milk as soon as possible after 
milking and then to add a “ starter 
a culture of the right kind of organism. 
In this way one is certain of getting a pleasant 
flavour. Moreover, the “ starter ** usually 
includes the bacteria that turn milk sour, 
because it is found that the acidity of sour 
milk prevents the growth of undesirable 
bacteria. Further, the flavours and dis- 
tinctive properties of cheeses (even their 
contained air-bubbles) depend on the 
organisms (chiefly bacteria and yeasts) 
that have inhabited them during the ripening 



caOOOOO®^ 


Fig, 1 20. Three kinds of btteteria of economic importance. 

The bacilli forming chains on the left are two of many kinds that turn 
unne into vinegar. On the right are two specimens of a bacterium with 
lashing flagella^ which causes butter and other fats to turn rattcid. 


iini it into substances in the soil which 
an be absorbed and used by plants. The 
:rtilizing action on the soil of crops of 
!gurnirious plants, such as beans and clover, 
(due to the fact that their roots are always 
pollen and warty from the presence of 
varms of symbiotic ^bacteria — parasites, if 
like, but parasites which benefit their 
ost more than they harm it, for they 
nitrogen from the air, which no higher 
can do, and build from it organic 
stances that the host absorbs. Again, 
sin enemies and allies to the 

The taste of butter depends 
arge extent on the bacteria that 

ilkit! ^^ between 

' and churning; there arc some 
diat make pleasant flavours and 


process. The characteristic flavours of 
cheese from different districts, like the 
characteristic flavours of wines, are due to 
the fact that each district has its own races 
of the appropriate micro-organisms. Vine- 
gar is made by the action of bacteria which 
turn alcohol into acetic acid ; the slimy 
mass known as m^jrc de vinaigre ** consists 
of these organisms embedded in the slime 
they produce. And many of the processes 
in leather manufacture, such as the 
“ sweating ” process, which softens the hairs 
so that they are readily scraped off the 
skins, arc really carefully watched bacterial 
decay. 

On a higher plane, bacteria have played 
a part in strengthening religious faith. Tlie 
prodigy of the bleeding Host, in which 
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bread broke out into scarlet spots, was due 
to a bacterium which grows on bread and 
manufactures a red pigment ; the same 
organism may infect human skins, if not too 
frequently washed, and thus cause miracu- 
lous sweatings of blood.** There are other 
bacterial curiosities, too. The phosphor- 
escence that appears on rotting wood, 
fish, and the like is due to bacteria ; and 
so is the heat of manure heaps and moist 
haystacks. 

But the outstanding thing about bacteria, 
perhaps the most important of all, is that 
they are the chief organisms responsible 
for putrefaction. Usually one reg^s putre- 
faction as a nuisance — if anything in the 
larder goes bad or if a rat dies under the 
boards of the floor one resents this apparent 
tendency of dead organic matter to deli- 
quesce and stink. But decay is not a natural 
property inherent in dead and abandoned 
things. It is a sign that they are being 
inhabited and consumed by busy millions 
of microscopic creatures. And decom- 
position is a vitally important process. If 
everything that died were perfectly preserved 
and lay for ever as a corpse on the surface 
of the earth we should be hard put to it 
to find room for our feet. But there is a 
better reason than that. A living body, 
a man for example, is a more or less definite 
weight of organic matter set apart for special 
use ; when the creature dies its body is 
finished with, and in the usual course of 
Nature its substance is melted down, so to 
speak, and used again, built up again into 
other bodies. For the amount of available 
carbon, for example, in the world is limited. 
Equally important, there is energy even 
in a dead body ; it is combustible, a poten- 
tial fuel. A preserved dead body is so much 
matter, so much energy withdrawn from 
the general interchanges between living 
things ; it leaves life as a whole so much 
the poorer. But normally, as soon as any- 
thing dies it is discovered by the floating 
spores of putrefactive bacteria, Nature’s 
housebreakers, which proceed to demolish 
it. 

There is a great variety of these bacteria. 
There are, so to speak, a number of rival 
gangs of housebreakers working without any 
sign of discipline or co-operation. Some 
attack proteins and fats and break them up 
into fluid substances ; others, rivals of the 
first, fall upon the same material and turn 
it into stinldn^ gases. Some fall upon the 
nitrogen-containing molecules and turn them 
into ammonium carbonate — a substance 
which is wrestled for by two other kinds, the 
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first tunung it into atmpsliheifc 

the second into nitrites. Then the nitr'f 
arc seized upon by yet other bacteria a j 
converted into nitrates. The confusion • 
increased by other creatures which butt i ^ 
moulds and grubs of various kinds. 
the net result of this swarming, strugirj' 
activity is good ; the useless body is^^ ^ 
verted into molecules of simple comtituti^^ 
gases and simple compounds in the sT 
which can be used to nourish green plan?' 
The chemical capital, which would otherwil 
be locked up and unproductive, has ^ 
brought back again to play its part in tL 
commerce of living things. ^ 

For the material of living things seldom i 
rests ; it is kept in continual circulation from 
body to body. Consider, for example Z 
muscles of a man. Their material may be 
used up— burnt or worn away~-during hij 
life, in which case it will be excreted in 
his breath or in his urine. Or it may be 
present at his death, in which rase it will 
be fallen upon by bacteria and demolished 
and the chemicaF bricks of which it is buOt 
make their way as before cither into the 
air or into the soil in the form of compara- 
tively simple molecules. In cither case, 
sooner or later, it will be built again into 
a living thing. Carbon dioxide in the air 
is absorbed by plants to be built up into 
their substance ; nitrogen is absorbed by 
special bacteria in the soil and turned into j 
nitrogen compounds. And the substances 
in the soil are sucked up by the roots of 
plants. The plants arc eaten by animals, 
the animals die or arc eaten by other animals 
— even by men — and thus the material is 
handed on from one form of life to the other. 
Life is a continual commerce. Th^re is a 
rhythm, a cycle, from inorganic substances 
in the air and soil to plant-tissue, thence to 
animal-tissue, from either of the last two 
stages via excretion or death and decay 
back to the air and soil. 

And this everlasting rotation of life a 
kept in motion by the radiant energy of tw 
sun. For the green plants build up co® 
plicated substances qjit of simple on« IJ 
means of solar energy, me vegetarian aruma 
use and bum dicsc compounds and tw 
carnivorous animals, consuming the 
of the vegetarians, use them too ; true indw 
it is that “ all flesh is grass.” And, M 
the last drop of eneigy Is wrung out ot tn 
substances by the putrefactive bact^ 

SiiO we can compare tliiS life on our p 
to a wheel ; mat^ W^tind and ro 
solar ene^ 
keeping it in motkm^ ? 



THE LOWLY AND MJNUTE 


§8 

i he Smallest Living Things 


in\( ntion and gradual improvement 
tie compound microscope have led us stage 
stage mto a world of tiny wonders, a 
Id thai becomes more and more mysteri- 
jjs one proceeds to smaller creatures. 

first excitement of this discovery it 
, thoiiglb that our power of magnification 
! in theory at least, unlimited. It was 
ught that one could go on combining 
ses for e\ ( t , that if only one could make 
scs without aberrations of liiie and colour 
rc would be no secret of Nature, however 
luie, tliat one could not magnify and 
ke visible. But, unhappily, that is very 
from true. There is a limit to the small- 
s of the things which can be seen, a limit 
posed not by any fault of the lens-grinders 
t by a property of light itself. We know 
it we shall never be able to see distinctly 
^tiling less than one four-thousandth of 
dllimetre across (one hundred-thousandth 
an inch), however powerful our lenses may 
, because of the unalterable wave-length 
visible light. Smaller objects can indeed 
made pei'ceptible by means of optical tricks, 
t thev cannot be examined ; they appear 
spots or l)lurs without definable shape, 
(w. that limit has already been reached, 
croscupes have been made which clearly 
real objects of that size, and it has been 
)vcd that there are living things even 
allcr than this. 


It may sound paradoxical to say that we 
i sure of the existence of living things 
ich cannot possibly be seen, but, as a 
ttter ol flict, our belief rests on solid ground, 
t before we go into this matter wc may 
ase for a while and define a new word. 


r It IS inconvenient to measure these 
Jute distances in such comparatively 
units as millimetres or inches ; it is 
escribing the dimensions of a postage 
ui fra( tions of a mile. The micro- 
b in studying these matters, uses a 
of his own invention called a 
n (usually written fx) ; a micron is 
.cu.sandth part of a 'millimetre, or 
“one twenty-five thousandth of an 
li dk,.. “ an invisibly 

can l :;“- The smaUest object that 
lit microscope u 

itte verv^ ^ micron acroaa— and 
as this^ ‘moments can take us as 

®“allv snm ^ a coccus 

about a micron. 
I '' i«r the evidence on which our 


belief in these unmagnifiable creatures 
rests. 

The argument is very simple. Suppose wc 
pass a handful of coarse sand tluroug^ a 
sieve whose pores arc a twentieth of an 
inch in diameter ; we know that none of the 
grains that are bigger than this can get 
through. It is possible to get filters whose 
pores are about a quarter of a micron in 
diameter — they are made of unglazed porce- 
lain or of simil^ material — ^and we know Aat 
if we pass a fluid through such a filter 
anything bigger than a quarter of a micron 
across will be held back. This is the limit 
of microscopic vision. Therefore, 'we may 
infer that nothing visible through the 
microscope will be able to pass such a filter 
— ^an inference that can be tested by direct 
experiment: Now there arc several 
disorders that can be transmitted to healthy 
subjects by injecting them with fluids that 
have pa&ed through such a filter. Foot- 
and-mouth disease was the first to be 
di^overed. The characteristic feature of 
this cattle scourge is the appearance of sore 
blisters, especially on the hoofs and lips. 
If a little of the fluid from^hese blisters 
be passed through the finest porcelain filter, 
so that all traces of visible bacteria arc 
eliminated from it, it will, nevertheless, infect 
a healthy beast if it is injected into its blood ; 
moreover, a third beast can be infected fh>m 
the blisters of the second, and so on. Evi- 
dently there must be a living thing in this 
fluid, a thing that can multiply and pro- 
liferate. If it was simply a poisonous 
substance its effects would become weaker 
and weaker as it was transferred through 
successive beasts, but this does not occur. 
Like a bacterial infection, the invisible 
creature proliferates inside its host. 

A living thing of this kind, too small to 
be seen with the highest powers of the micro- 
^pe and passing even a porcelain filter, 
is called an “ ultramicroscopic ” or “ filter- 
passing ” organism ; since all the known 
kinds cause diseases they arc also spoken 
of as viruses.' There arc other diseases 
with similar causes. Smallpox, typhus fever, 
trench fever, yellow fever, measles, mumps, 
the distemper of dogs, and a number erf 
vegetable afflictions causing the leaves of 
potatoes, beans, turnips, and the like to 
come out in white spots — these arc examples. 
Perhaps the conunon cold is another. 

« 

' Strictly spe^Uung, the term ** ultramtcroicopic 
and ** filter-pasting ** arc not synonymous. Thm are 
slender, serpentine creatures large enough to be seen 
through the microscope, yet able to twist and wrkgle 
through a porcelain filter. 
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fossils tell us, by curious mammals that arc 
for the most part long extinct. Here and 
there a relic of that forest age still survives. 
The tapir, for example, is an anachronism. 
At one time it had a wide and extensive 
distribution, but now it lingers on insecurely 
and prowls by night in one or two marshy 
patches of jungle, in South and Central 
America, in Malaya, and Java and Sumatra. 
And the okapi, lurking in the deepest recesses 
of the forests of the Belgian Congo, evaded 
scientific description until 1899. It may be 
that other forest-dwelling mammals lurk 
on in the same way. But these creatures 
we may note are not very striking departures 
from those that are more widely distributed ; 
The tapir is a distant poor relation of the 
rhinoceros and the okapi is a closer poor 
relation of the giraffe. Even here, unless 
some novel ape or monkey amazes the world, 
there is little chance of a really striking 
departure from the forms of life we know. 
In passing, we mav set aside as quite 
untenable the very wild rumours of gigantic 
survivors from the reptile age that invade 
the Press from time to time. The reptile 
age was very*much more ancient than the 
forest mammal age to which we have just 
referred, its climatic condition may have been 
very different from any now on earth, and 
it is so improbable as to be inconceivable 
that any of the dinosaurs, for example. 


should have 
present day. 


lingered on unseen 




To sum up, then, it is probable that 
range and variety of life as it exists . 
already pretty well* charted. There 
certainly many details to fill 
unrecorded members of existing phyla^?^ 
it is in the highest degree improbable that 
shall find any fundamental departure IVom T 
plans of organization that we already 

Perhaps an unromantic conclusion. 0 
likes to dream of strange, evasive creatur 
that are still at liberty, that have eluded th 
cold, systemadc docketing of science, 
there is wonder enough in what wo airead^ 
know. In our brief review we have noted 
something of the variety of Jife, of the asJ 
ishing diversity of its forms. 

Compare, for example, the life of Mr I 
Everyman and his wife with the life ofaiil 
amoeba, a life where an individual tears himj 
self without r<^idue or wastage into- two andl 


in which two individuals blend 


permanently! 


and without rea^e to form one. Consider 
the reconstitution of a sieved and scattered 
polyp, or the alternation of forms in the life, 
story of a liver-fluke. The world as we know 
it is surely strange enough to satisfy the most 
curious ; the fabled sea-serpent and the 
fabled African brontosaur arc banal imaftin- 
ings compared with such mysteries as con^ 
front us already. 
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^ I. Evolution and Creation. § 2. The Mature of the Proof. 


•§ I 

Kvolution and Creation 

R lYHEKrO we have described the 
forms oi Hfe, avoiding as far as possible 
> introduction of any controversial matter, 
i have now to take up aspects of our subject 
it have been the centres of great controver- 
. Wo hove first to tell of the gradual 
loi^nitioTTor a great reality — the Evolution 
Life. And having done that as clearly 
j plainly as wc can we shall have to discuss 
the Book that follows certain theories 
3ut which opinion still varies widely and 
times violently. 

until a century or so ago it was 
nmoiily laclieved that the world as we 
[)\\ it to-day had begun suddenly. It had 
;ii ricated, with man and all the species 
beings as wc know them to-day. Great 
tubers of people, including most educated 
)ple, held to the view with great tenacity, 
fv had adjusted their moral and religious 
as to that view, and they did not realize 
It these ideas were not inseparably depend- 
; upon it. All of us are prone to resist 
luges in out fundamental ideas. We feel 
tiiietively that it may mean a disturbance 
oiii \\A\ of living and the abandonment 
1 cliangc of objectives ; it is a threat to 
“ peace of mind and«our satisfaction with 
lives. The idea of the earth’s going 
ud the sun was considered to be just as 
Wdus 111 Its time of novelty as was the idea 
■volution by the Fundamentalist of the 
rd States to-day. 

steadily and more and more abun- 
ame evidence to show that the existing 
f lilc were not all the forms of life, 
It there had been a great variety of 
and plants wliich had passed away, 
u’ variety and multitude indeed than 
ich still exists. The science of geology 
a new region of intellectual activity, 
lie study of the earth’s crust the traces 
St infinitely longer than men had 
suspected were unfolded. Varied, 
derful as was the present spectacle 
le series of faunas and floras that 
eded it and passed away was found 
>re wonderful. Life had a past, a 
Js past. So far from it being a 


thing of yesterday, the creation of a few 
thousand years ago, it had a history of enor- 
mous variety and infinite fascination. We 
can still imawne something of the excitement 
of our grandfathers when the fantastic and 
marvellous dinosaurs, the vegetation of the 
coal measures, the flying dragons of the 
Mesozoic Period were revealed to them. 
Continually now that once incredible cata- 
logue is expanded. Every year the palaeont- 
ologist, the “Seeker and student of fossils, adds 
fresh details to this history of living forms. 

Faced with these marvels the Creationist 
at first denied and then, no longer able to 
deny, declared that these extinct forms of life 
had been created in the past, tried out for 
some unknown end, to be extinguished in 
favour of fresh creations. They were but 
the prelude of these later creations. They 
had no clear rational relationship to living 
things and living things had no clear rational 
relationship to them. But a bolder school of 
interpretation appeared. These ancient 
forms were not so strange and incredible as 
they seemed. Life had produced them on 
its way to its present state. Generation by 
generation it had changed from the wonder it 
was to the wonder it is. There had been no 
Creation since the beginning of life. Life 
had unfolded — or, to latinize unfold, it 
had been “ evolved ” — from some remote 
and very simple beginning. 

What weighed with the Evolutionist in his 
denial of successive creations was this, that the 
abounding and continually accumulating 
record of past forms of life is not a disorderly 
multitude, not a confusion of inexplicable 
“ wonders,” but that it falls into shape, 
it has a plan, and every fresh discovery drops 
into place in that plan. All of these forms 
fall into the scheme of a common tree of 
descent. That is the plan of it. If there was 
no other evidence to sustain it, we should still 
have to believe that Evolution has occurred 
on the strength of the plan of the fossil record 
alone. 

Let us be very clear here. We arc tdling 
the reader in this chapter that this later view 
is the sound one, that Evolution has occurred. 
But we arc making no suggestion as yet as to 
how it has been brought about. Wc arc 
simply declaring that me has come to its 
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present variety through the modificatiopyw 
by year, and age by age, of simpler axi^less 
various ancestral species. In making this 
declaration we are denying a behef, formerly 
very prevalent, the beli^ tnat animal species, 
as they arc now, came into being suddenly, 
through some abrupt act of Creation. That 
belief has now become impossible in the face 
of an assemblage of countless known and 
established facts. On the other hand, all 
these contributing facts build themselves up 
into the comprehensive vision of Evolution 
as the fact of facts, the quintessence of the 
whole display. 

But we are not attempting any explanation 
of this fact of Evolution here. We are not 
attempting any account here of why species 
have changed. We will write later of the 
various theories by which an explanation 
of this central fact is attempted. We are 
not discussing here the Theory of Natural 
Selection, or the Theory of Creative Evolu- 
tion or any theory at all of how Evolution 
has been carried on* First the facts and then 
these more stormy issues may be faced. 
Here we traverse ground upon which 
scientific men of every creed and school are 
now agreed. 

We make this distinction between fact and 
theory here and, so to speak, underline it, 
because we know there is still a considerable 
confusion in the public mind between the 
fact of Evolution and the conflicting theories 
about how it works. Dishonest Creationists, 
narrow fanatics, and muddle-headed people 
attempt to confuse the very wide diversity of 
opinion among scientific men upon the 
questions of how and why with their assertion 
of established fact. Through this confusion 
it is suggested that the hated fact is still 
unproven. It is, on the contrary, proven 
up to the hilt, and here we shall unfold as 
much of the evidence as is necessary for 
conviction. 

§ 2 

The Nature of the Proof 

Before we go on to the evidence, however, 
let us consider what our evidence must show 
if Evolution is to be accepted as the general 
process of life. 

First, then, all things living, or once living, 
must fall into a branching plan. Every- 
thing in the past roust be reasonably shown to 
be either ancestral to a living thing or else 
without descendants ; there must be no 
renewal of the process, nothing in the past 
must be plainly derived from some later 
form. Every mammal, for example, is held 
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QHAPTEi^l 

to be descended from a nmdfian ancegfe 
Suppose in the early Coal Measuiesfb^ 
ever a reptile ^sxisted, we found the^ 
of a horse or a lion. • Then the whole 
of Evolution would vanish. single hmj? 
tooth in situ in a coal seam would dem^ 
the entire fabric of modem biology. S 
never do we fiijd any such anachroni^ 
The order of descent is always observed ' 

Next there must be an orderly sequeJ 
in fossil forms, so far as they arc found, w 
must sec very distinctiy that form pass^ ij 
form. In the days of Darwin auch sequenca 
were hard to find. In those days there wen 
probably not a hundredth part of the preseu 
multitude of fossils that arc now collect^ 
and arranged. The Creationists pointej 
triumphandy to a gapped and /...gmentary 
story, sustained by hypothesis, broken up by 
“ missing links.” Darwin was challenge tj 

show anywhere in the fossil record the stca 
by which one species has passed into anotben- 
It was then quite a difficult challenge. % 
day we have an answer, a score of answen, 
to that challenge, beyond Darwin’s utmost 
hopes. 

Then if animals have been specially createil 
just as they are to fit special conditions, it a 
reasonable to suppose they are perfectly and 
completely adjusted to those conditiow] 
There is no reason why any animal shouH 
fail to have any structure that might be helw 
ful in its way of life, or possess any structuij 
it has no need for. If a cat lives on biri 
and a tiger on ground gsune, is there anj 
reason why a cat should not have wii| 
because a tiger has not ? But if the divers 
species have been evolved step by step, 1 
certain disharmony into be expected betwea 
inherited structure and reactions, and tb 
full possibilities of the life a creature leadi 
The second section of our evidence ibM 
be an examination of plant and ^ 
structure to sec how for animal and ve™ 
organs arc special to their needs, anJ 
far they have the air of being prima* 
inheritance merely fitted to those nee® 
limited in that fitting by conditi® 
descent. I 

And then the way animals and pb 
scattered over the world will not 1 
hazard if Evolution is really the tmtl 
If we foimd a region where an aninw 
live abundantly and that anim^ w n 
but somewhere ehw in the world, | 
we arc to believe we 

find Creation very ^ 

tivc side ; but if w® in *! 

then it is quite ^ 

animal evenved in 



Ttte fact TO BE PROVED 

ver R" another for 41. foe fibien of strange way otttfofo general bidogy, follow* 
Uitipn there. All thut we will of his own ? Wc will show that 

bstratc . 'id weigh. , , . . focre is no exception in his case. Wc hope 

Finally v\p will take U|) a question that to show the reader convincingly that Evoiu- 
onc( > burning ques^n and is still tiqjn is the form* of all life in time, man and 
jrardcd * smouldering, Poes man come his acts included. Evolution is, in fket, the 
[0 this [)I )f ess of Evolution oys he in some life-process. 
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§ > 

The Nature and Scale of the 
Record of the Rocks 

I N order to make the nature of the record 
of the rocks perfectly clear it is necessary 
to remind the reader of certain elementary 
geological facts. They will probably be 
familiar to him, but we do not want to have 
any “ missing links ” in our chain of argu- 
ment. We warn him of this beforehand, so 
that if the note of the professional lecturer 
creeps into our dkcoursc he will forgive it^ — 
for the sake of its explicitness. 

It is only after decades of patient work, we 
must remember, that the fact of Evolution 
obtruded itself as a necessity in the face of 
the palaeontologist. Right up to the end of 
the eighteenth century the comparatively 
few fossik then known were almost universally 
regarded as mere curiosities ; many dis- 
missed them as sports of Nature, freaks of the 
earth, and not really the remains of flesh-and- 
blood, while at most they got credit for being 
witnesses to the universal biblical Deluge. 
Nothing more could be expected until 
geology had madelier profound advance of 
introducing time, and time on a vast scale, 
into our ideas about the earth’s crust. 

Let us recall how that extension of time 
dawned upon the human intelligence. 

Everybody knows that flowing waters 
bring down sediment and deposit it in layers 
on the floor of seas and lakes, or on flood- 
plains. Sometimes the deposit reaches the 
surface, as in deltas. Consider the great 
tongue of the Mississippi delta, built out into 
, the sea for sixty miles and more ; the Missis- 
sippi brings down every year over four 
hundred million tons of sediment. At other 
times the deposit spreads over the bottom, 
as when a pond is gradually filled up, or an 
alluvial meadow built, layer upon layer, 
from the silt laid down by successive flo^s. 
Layers of material may be laid down in other 
ways ; the great spit of Dungeness, on 
England's south coast, grows out to sea at the 
rate of over five feet a year, from shingle 
brought along the coast by the waves and 


currents. In moor country, deep 
peat are formed by the successive death 
the bottom parts of the bog plants. Currenij 
and waves deposit stretches and banks of 
sand in quiet ba^. After ^ volcanic 
eruption vast quantities of dust and pumke! 
and rock fragments fall in the neighbourinijj 
sea and sink to the bottom. And from the 
surface layers of the ocean a constant rain of! 
billions of skeletons of animals and plants,! 
many of them microscopic, but as wc have 
already shown, incredibly abundant, 
always falling softly towards the depths. 

In these and other ways new materials arc! 
to-day being accumulated in the form of 
sheets or layers of varying extent in innumer- 
able regions of the globe, and they must 
obviously have been accumulating in thei 
same sort of way through all the ages sinefi 
liquid water has existed on our planet] 
These accumulations of slowly deposited! 
layers are what we call sedimentary of 
stratified rocks ‘ (as opposed to the igneous mh, 
forced in among the other layers of the crust 
in a molten state from below, or belched out 
over the surface by volcanoes), and the sheet) 
themselves are technically called by tin 
Latin word for layers — strata. 

In these stratified rocks fossils are often 
found entombed — the remains and tracei 
of dead animals and plants which were ofte^ 
strikingly different from any creatures ali^ 
to-day. Wc need give but a couplctj 
examples. If you happen to spend 
holiday on the Dorset coast near L] 
Regis and search the crumbling cliffs 
by (or, indeed, if you explore any 
quarry across from Dorset to Peterboroi 
you will be pretty sure to find some bi- 
cave bone discs, the vertebrae of some 
animal. Persistent and lucky huriters 
found whole skeletons containing 
vcdjebnc. TTicy are of 
chmtened Ichthyosaurs, or ] nsn-J 
wholly unlike anydiing existing 

* By the geologist, 4 
emit, except the actual wSl, 
they aie 1^ granite or 
landitone, or soft clay 
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^;ioiisI\ aquatic, for their limbs arc 
averted -ato paddlcs. 

s Ilf! clay you will be likely to find 
fos , s the spiral ammonites, often 
lutifull) patterned. These, too, though 
.jj, shdi . are to be found in millions 
bedded la various rocks, have never been 
covered dive. But we know that these 
lls wen inhabited by creatures not unlike 
^ pearl) nautilus of to-day, and more 
laiUly lesembling the cuttlefish and 

opus. in. 

t would not take much reflection, one 
-riit think, to realize that in any such 
imenlui) deposit, whether thick or thin, 
lower 1.1) ers must have been laid down 
ore thosi above them. But such were our 
Tstors’ i)rcjudiccs and preconceptions, 
led for (he most part upon the belief in the 
Idcii creation of the world at a not very 
lole period, that it was not until the turn 
the ei)[>:ii(ceiith century that this funda- 


we ought to be able to arrange all the 
sedimentary rocks of the world in a series, 
according to their age ; and, this once 
accomplished, all the fossils in the earth’s 
crust will fall into their time-sequence, too. 
The task has been accomplished for the great 
majority of layers. As a result, we can say 
that one kind of fossil belonged to an animal 
which lived and died before another kind of 
animal found fossilized in another layer ; 
and the bewildering variety of life becomes 
more orderly through receiving an arrange- 
ment in time. To take merely the same 
examples we first mentioned, ammonites are 
found to be absent from all layers below the 
coal mcasur^ and from all above the chalk, 
but present in all congenial layers between 
these limits ; while ichthyosaurs, though they 
also have. the chalk as their upper limit, only 
extend downwards through about two-thirds 
of the layers in which ammonites are 
found. 


iital buf elementary idea was properly 
forward, lo become from thenceforward 
basis of geology. William Smith, an 
^lish ,suiv(‘yor, as his work took him from 
‘ part of (he country to another, noted 
t a number of characteristic rocks, such 
rhalk, oolite limestone, red sandstone, or 
lit cla)', occurred as layers which covered 
ic areas of country. Moreover, wherever 
sf layers occurred, they were alw'ays in 
same order. The gault clay, for instance, 
i always close below the chalk, the green- 
d alua)s immediately below the gault, 
oolite limestone many layers below the 
Ik, the led sandstone several layers below 
oolite, and so forth. And, a third point, 
h layer ol rock was characterized not 
foly by the material of which it is made, 
also by the fossils which it contains, 
is last was of vital importance ; often two 
*rs of clay or ol sandstone may be nearly 
winguishablc in their consistency and 
t'lials, but easily distinguished by their 
Jained los.sils. For instance, the London 
‘ London is built, lies above 
^chalk ayer. It contains fossil fruits of 
^ and conifers, some nautilus shells, 
nirnk' sea-snails, and a few 

Eel 'i or ichthyosaurs 

t been discovered in it. The gault 

1 hs, " hand, from below the 
frwts, _but does contain 
adofrk in a peculiar way 

1 a Ihick' i“' ^ ™ Oxford 

“one, has hir'^ u 

all bnii, "“robers of ammonites, 
ich fe l ‘"k''''R'darspinds. '• 

these obviously mean that 


This fundamental principle, that the differ- 
ent layers of the earth’s crust can be arranged 
in a time-sequence, is the basis of that 
department of science known as palae- 
ontology. These sheets of inert matter arc 
the pages of the book of our planet’s history. 
They lie scattered over the globe, often torn, 
defaced, or crumpled. But patience and 
reason combined have been able to recon- 
struct whole chapters and sections of that 
great book. In it we can read not only the 
physical changes that the world has ex- 
perienced— when the Rockies were built, or 
the Scottish Highlands worn down to mere 
stumps of their former grandeur, the date 
of great Ice Ages, aeons before the last Ice 
Age, or of the appalling flow of lava which 
overwhelmed a quarter of a million square 
miles in North-Western India — but also the 
history of Life, printed on the pages of the 
book in the form of fossils, hieroglyphs which 
to persevering study reveal readily enough 
the secret of their picture-writing. 

The principle is both fundamental and 
simple ; but there are sometimes difficulties 
in applying it. Part of the record may have 
^cn destroyed or defaced till the life-story 
it contains becomes illegible ; or a whole 
set of pages may have been crumpled or 
turned upside down into reverse order (as in 
the upthrust of some mountain ranges), 
so that their proper rearrangement is a 
pwttcr of the greatest difficulty ; dr an 
isolated page or chapter from some out-of^ 
thc-way comer of the globe may be hard to 
place. 

Happily such difficulties only concern parts 
of the record j whole chapters of it have the 
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pages all tidily in order, the fossil-writing 
abundant and easy to interpret. In most 
cases these confusions have been analysed 
and overcome, and the result is that, with 
rare exceptions, the fossil-bearing rocks of 
the world can now be assigned to their 
proper position in the time-scale — their 
right place among the pages of the Book of 
Earth. 

As a result, the earth*s history has been 
divided up, as this book is divided into books, 
chapters, sections, and so forth, into sub- 
divisions of various grades. Two sets of 
terms are tised, according as we arc thinking 
in terms of geological time or in terms of 
layers of rock. The main divisions of 
geological time arc nsually called Eras ; 
within each Era a number of Periods (or 
Epochs) are distinguished, and they are 
further divided into sub-periods. 

When, on the other hand, we are speaking 
of rock-layers, we refer to a System as our 
main unit, roughly corresponding to the rocks 
laid down during one Period of time. The 
Systems arc divided into Formations, and so 
on down to the narrow Zones, which may be 
likened to the paragraphs of a book. The 
Cretaceous System is dius an actual set of 
rock layers laid down during the time of the 
Cretaceous Period. 

For our purpose, the Eras and Periods are 
all we need trouble about ; when we need to 
go into further detail, we can specify sub- 
periods by simply using the words “ upper,’’ 
^ middle,” or “ lower.” F 6 r instance, the 
Carboniferous Period, during which the 
world’s coal was deposited, is die fifth of the 
six Periods of the third main Era. The 
Upper Carboniferous, then, is its latest 
sub-period, for obviously the uppermost layer 
must have been the last deposited. 

The names of the Periods are at present, 
unfortunately, unfamiliar to the majority of 
people. They should be as well known as the 
names of the continents and main countries 
of the world, or as the great dates of human 
history. We give a set of diagrams here, 
geological time-maps (Fig. 122), and we 
suggest that the reader make himself familiar 
with the divisions of these diagrams if he 
does not know them already. Very roughly 
the divisions of these diagrams arc spaced 
out in the proportion of time assigned to each 
Period. We shall note later in this Book how 
the lengths of these Periods have been 
determined. 

Now, the feet of primary importance in 
the histoiy of life displayed by these geological 
Periods is the orderly succe^ion of living 
forms. They progress. They progress from 
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simple beginnings to more coifapiex ^ 
versatile typ(». At the bottom (earliest)^ 
our rock series come rocks with Darelv^ 
trace of life and then in succession life unfjj 
Comes first the Archeozoic Eiu with & 
dawn of life. Then the PrOtshozoic 
with creatures as highly organized as wo^ 
Then the vast Paleozoic Era. I herc^ 
no vettebrata at all and no evidence of W 
life in its opening period, the (^ambW 
Then in a second period, the Ordovi^ 
is the dawn of vertebrate life. Then 
the Silurian, in which fishes and 2 
land plants and invertebrata appear. S 
Devonian and Carboniferous, with anevcFil 
increasing amount of land forms, and y 
whole of the era closes with Permun h! 
which reptiles first appear. ’ i 

Above these comes the Mesozoic Systxjj 
of rocks, that gigantic volume which tells 
of the Era of mi^ty reptiles and coniferous 
and cycad-like plants. Its formations (which 
like the Periods of the Paleozoic derive their 
names either from the districts in which the 
rocks arc well-developed or from well-defined 
physical characters) are the Triassic, the 
Jurassic, the Cretaceous. 

Finally comes the Cenozoic Era, the ag? 
of modem life, of mammals, birds, grasses, 
flowering plants, and trees. And herew 
warn the reader of one d* those exasperatiuj 
indistinctnesses of nomenclature in whicli 
the scientific mind at its worst seems it 
delight. The Cenozoic Age is subdivided 
into the Eocene (dawn of recent life) am 
so onwards with progressive modernizatioi 
of animals through the Ouoocene {slight]] 
recent), Miocene (less recent than the no 
division), the Puocene (more recent) 
the Pleistocene (most nearly recentj-ti 
Period of the last great Ice Age— and tl 
” Regent ” Period, since the retreat i 
the ice, in which we live. The use oflW 
and mineral'*^ names for the formationM 
suddenly abandoned for these kindred aj 
fusable names. For some reason qmttj 
number of slightly inattentive students! 

“ mixed ” with Mkicene and Mesozoic, I 
as it is the commonest misapprehe^f 
the world to substitwte Paleolithic (a 
in human devdopment) for Paleozoic . 
scientific systematist has never grasp j 
any novelist can him, that nanj® . 
be distinctive if arc to be 
How would he like fo atriigl^c y 

in wHch ToiiM&i^|i_Tomlins, 

Robert 

were 


Unhap 
to rec^nte 
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(/. I2I. the remains here shown were unearthed in 1726, they were described by Professor 

'leiicliyr of f^urichy who published this figure of them^ as “ the damaged skeleton of a poor sinner 

drowned in the Deluge.'"^ 

(I Ulk to thr picture is written “ Homo Diluvii Testis ’’—man, witness of the Deluge, A century later Cuvier showed 
rmmns to be time of a giant Salamander y now called Andrias scheuchgeri ; it came from strata of Miocene Age (VC) 

in Baden. 


would gladly do, for the case and 
infort of their readers. 

W(‘ will, however, attempt something that 
ly be of service to those who find these 
mes of Eras and Periods too clumsy a load 
carry in their memories. We will attach 
mbers and letters to these Eras, Periods, 
d sub-periods, Roman numerals for the 
as, letters for the Periods, and Arabic 
inbers for sub-periods. These numbers 
will append to the names as they crop 
in what follows, and at the price of 
certain typographical disfigurement the 
der will be reminded of the posidon of 
n Age as it is named. Thus, Archeozoic 
’Proterozoic II, and thePaleozoic Era III. 
e two former we do not subdivide for our 
rposes. But III falls into divisions, Cam- 
9 ‘'‘lwician (III B), Silurian 
), Devonian (III D), Carboniferous 
t), and Permian (III F). Each of 
can lie further divided into Lower (i), 

m (3)- Upper Carboni- 

>us, for example, is III E 3. IV stands 

isions^'r'- Mesouoic, with its 

»n , Inassic (IV A), Jurassic (IV B), 
Creareous (IV C). Finall,;. mo^ 

‘Stmguis hed by V. That again sub- 
C v n 'pp (V B), 

E • Wi ^ Period, tbe Reoat 

the help 0^ the priutW's 


reader these numbers shall as a rule appear 
after each repetition of these geological 
names. 

We may add one further word of elucida- 
tion. In the earlier days of geology only 
three great Eras were disdnguished instead 
of the five we recognize now. These were 
called Primary, Secondary, and Tcrdary. 
Primary was our Archeozoic (I), I^tcr- 
ozoic (II), and Paleozoic (III) together, 
Secondary was what wc now call Mesozoic 
(IV), and Tcrtia^, the Ccnozoic (V). 
L^ter a fourth term ^aternary was added to 
(distinguish the most modem deposits — those 
now called Pleistocene (V E) and Recent 
(V F). The word Primary is now rarely 
used, but Secondary and Quaternary turn 
up at times, and Tertiary (because it is an 
easier word, perh^) has more than held its 
wound against Cenozoic. The reader is 
likely to find us falling rather frequently into 
the use of that more familiar word. 

. In column 3 of our diagram the maximum 
thic^ess of the layers is given, Period by 
Period. Of course, the total thickness, or 
anything like it, is not to be found pdled up 
at any one s]x>t of the earth’s crui^ but tbe 
total thickness gives a rough measm of the 
time taken to lay down these m|ks of rodk, 
film upon film, year after year. ISie rime 
must evidently have been prodigtoias ; uhd.. 
when wc look at the actual figuM in yeani 
(which oat detmnifi^ by 
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Fig, 122. The time-scale of the record of the rocks. 

The whole of Geological Time is represented in (i), except for the earlier Archeozoic {dotUflt 
not yet known. The darker part of (i), from the first well-preserved fossils to the fresent dept is sfawn on a ^ 
in (a). The relative lengths of the periods can only be approximate. The period of acHve Moxmal^ evolution^ 
in (2), is shown still larger in (3). Here the total thickness, in feet, of the strata laid down (^ring the ^ 
is added, to indicate the speed at which deposition occurs. The recent period since the last lee Age ts too si 
visible in a diagram of this scale ; it is hidden by the printer'' s ink of the nj^r line. Jt can he s^tn a f 
diagram of the Pleistocene and recent periods, which appears in Book 5. The figures tod^ right Mnd oj 
show the time-scale in millions of years, measured backwards from the present dey. Tjp' are ® 
radioactive minerals. {Some authorities would make the Proterozoic of shorter duration^ The arrows tn j 
great revdutions ” or times of violent mountain-building. The dates of the earliest of these dUtwhmes [ao 
certainly mown; it is generdly assumed that they took place at about the same rMan as we later on • 
appearance as fossils of a few dominant groups of animals and plants is indicated to the Irft tf enumj^l > , 

be remembered that in several cases the first stages in the evolution of a group have^J^ been aiscov 

later to be described, and which can now be Archbishop U8shcr,ic8Sthan^ree 
taken as accurate within about 10 per cent.) years ago, dated the creation tne 
they arc indeed staggering. 4004 B.c. (and gave Ac day aad » 
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, uk irulations still adom the margin 
" ' .iiliorized Version of the Bible. 


hniigli 

Tong 

f the 


;l„ y are wrong, they are at least 
a grand scale, since the age 
I ,,ih is somewhere about half a 
•II „n 1 incs greater than he supposed. 
‘ to-,! .N the average inan tends to think 
ix-iliu.isand-year antiqmty of Babylon 
FffVPi i riormous. But just as astronomy 
hc ichm US to think of cosmic space on a 
Loilv diflcrent scale from geography, to be 
Lsured in terms of “ light-years ” running 
to ten tliousands of millions of miles, so 
oioin^ is iiuiking it necessary to think of 
rth-hisioi y on a wholly different time-scale 
bin human history, in terms of million-year 
kinds, to which a decade bears almost the 
Lf* p^portion as an hour does to a century, 
a cenuiry as a day does to a whole 
;neratioii of human life. 

To think in such magnitudes is not so 
[icuh as many people imagine. The use 
different scales is simply a matter of 
Kictico. We very soon get used to maps, 
[oLigh they arc constructed on scales down 
1 hundred-millionth of natural size ; we 


used to switching over from thinking in 
ns of seconds and minutes to some other 
bicm involving years and centuries ; and 
^rasp geological time all that is needed is 
lick light to .some magnitude which shall 
he unit on the new and magnified scale — 
lillion years is probably the most conven- 
t— to grasp its meaning once and for all 
im effort of imagination, and then to think 
ill passage of geological time in terms of 
• unit. 


§ 2 

Defects and Happy Finds 
in the Record 

he principles on which the geologist 
in his attempt to decipher the past 
of the earth and the life upon it are 
and simple — so simple and so clear 
t at first sight it would seem that the task 
|he palaeontologist, apart from the 
^sical labour of finding and digging out 
and the mental labour of studying 
nh should be easy. But Nature rarely 
eais her secrets cheaply, and we have not 
m of the complications of the task. 

« n/ P^^ce, even when a large thick- 
rock shows every evidence of having 
1 down steadily and continuoxisly, 

trader^ K change its 
bdnrh ii^stancc, clay, bdng com- 
particles, will only be deposited 

'ipa f\t> _ 


her 


out to 


sea or in quieter water than 


OF’^^I'E rocks 

the more coarse-gained sandstone ; but a 
layer deposited off a coast which happened 
to be slowly rising (as for instance Spits- 
bergen is rising to-day) may easily begin as 
mud and end as sand, the one deposit 
gradually hardening into clay, the other into 
sandstone. And if it change its character, 
the character of the animals and plants which 
live on and in it will change, too. Mud- 
dwellers will give place to sand-dwellers. 
If the change is too rapid for adaptation the 
fossils will not show a gradual evolution, 
but there will be an invasion of new creatures 
from other parts of the sea-bed as the con- 
ditions alter. The old forms arc extinguished 
and drift off elsewhere, and the palaeontologist 
is left with his story broken. 

Still more frequently there is a break in 
deposition. The layer perhaps comes within 
the range of scouring currents, which prevent 
deposition ; or it is shoved out of water by 
some upward movement of the crust of earth 
and has its newly deposited sheets removed. 
Later it sinks into favourable conditions and 
deposition begins again. But now, whether 
the new material be the same or quite differ- 
ent from that laid down before, there is a 
gap, during which life has bequeathed no 
record of itself. In general no widespread 
deposition will occur off-shore except when 
the coast is sinking, and very few animals will 
be preserved except when deposition is rapid. 

Difficulties in some ways more serious con- 
front us in studying the sequence of the rocks 
in many mountainous regions. Anyone 
who uses his eyes and opportunities on a 
railway journey through hilly or mountain- 
ous country will see that it is rare for the 
layers of rock exposed in the cuttings to be 
horizontal ; they are usually tilt^, and 
sometimes tilted at sharp angles. This 
tilting is due to movements of the earth’s 
crust, such as its shrinkage and consequent 
bending and folding during periods of cool- 
ing. Over all of midland and south-eastern 
England the tilting is usually slight but 
definite. This was very favourable to Wil- 
liam Smith, the British pioneer of geolo^, 
for, although it left no doubt as to which 
layer was above which, it caused new layer 
after new layer to come to the surface, open 
to investigation, as he passed across country 
upon his work of canal-making. His genius . 
worked under the luckiest conmtions. 

But in mountain regions the disarrange- 
ment may be much more serious. In the 
Alps it is common enough to sec layers of 
ro^ standing on edge, or even turned quite 
upside down ; and in some places, as in 
parts of the Scottish Highlands, the pressure 
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has been so great that the rocks been 
what we may call accordion-pleated—thrown 
. into a whole series of deep folds, so that when 
seen in section on an exposed face they look 
like a fan. Not only that, but what the 
geologists call faulting may take place. Under 
the stresses and strains of mountmn-bmlding 
or of earthquake, great layers of rock may 
crack across, and one side slip dovm 
forced up and made to ride over the other 
side. At the time of the San Francisco 
earthquake a fault hundreds of nules long 
was produced, in which the whole country 
to one side of the crack fell suddenly from 
five to ten feet ; but in mountain regions 
areas of rock may be faulted down hundreds 

of feet. , 

During these magnificent crumplings whole 
pages of the record have been^ made 
altogether illegible. Even when life has 
succeeded in writing its story on the rocks, 
the writing has too often been obliterated 
again. The rock-layers may be subjected to 
colossal pressures under great depths of newer 
deposits or scorched by contact with huge 
intruding lakes of molten material from 
below, so that any contained fossils are 
squeezed, distorted, or baked out of recogni- 
tion or even out of existence. The rocks 
themselves change their very character. Such 
transformed rocks are called metamorphtc ; 
marble, for instance, is thus metamorphosed 
out of limestone, quartzite or gneiss out of 
sandstone, and so forth. 

This difficulty becomes more serious ^ 
we go farther back in the record. For rain 
and wind and frost never stop their scouring 
and splitting and wearing, and the youngs 
sediments must all be derived from the d6brw 
of the old. Whole mountain ranges, with 
their contained fossils, have been destroyed, 
worn down to level plateaus to furnish 
material for new layers, often hundreds or 
thousands of feet thick, which in their turn 
will be upheaved, and in their turn eroded 
' away. Entire chapters of the Book of Earth 
have thus been pulped to furnish material 
for new pages. Luckily, however, the mak- 
ing of the book went on simultaneously in 
many regions, each one often of huge extent, 
and it is rare that all the records of a whole 
Age have perished. 

Then we must remember that fossilization 
is the fate of very few animals and plants. 
Only one in a million makes its mark in the 
Book of Life. The great majority of dead 
tbiugs simply decay and disappear and their 
material is returned to the general circulation 
Nature to be built up into the bodies of 
new oi^nisms. But once in a while a corpse 
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is preserved mom Ufaiigy 

mud or silt or 8c«nc plaoe mpett t].e bac3 
of decay cannot get at it. Insects have y 
caught and sealed and pta^orved for coum 
years in the fossilized resin we cdll 
The bodies of mammoths can be 


frozen mud-cliffe in Siberia witli the M 
and flesh still preserved. And even when^ 
flesh decays away the bonm may escape U 
dissolving action of rain or other \vay 
and ultimately find their Way into the pj 
ontologist’s cabinet. 

But it should be remembered that thesi 
direct preservations of the material i 
extinct creatures arc the rarest accidcnn 
Most fossils (for any dug*up trace of ij 
organic being is called a fossil) are not actas 
surviving bits of corpses at all, but bits c 
corpses which have been changed into roc! 
by a slow translation and replacemcni 
They are copies at second hand of the 
writing. As the bones or other ei 
fragments lie buried they slowly dissolv 
away and are replaced more or less con 
pletely by mineral substances. In a wor 
they arc “ petrified.” In this process, i 
course, they undergo varying degrees! 
distortion, although in one or two exception 
cases the translation is astonishingly accurat 
each little difference of texture in the origin 
being faithfully reflected in the mineralia 
fossil. The record may be even more indiit 
than that ; it may be a dried footprint or tl 
hollow impress of a bit of skin or a she 
From these scattered and accidental remai 
the palaeontologist patiently reconstructs 1 
picture of the world as it used to be. 

Occasionally a lucky chance mak« 
realize how scanty our information really 

In Cklifomia, for instance, a pool of wa 
with sticky margins impregnated with 
proved a death-trap to thousands of cream 
as they came down to drink, and to no 
of carnivorous mammals, like wolv« » 
sabre-toothed tigers, which 
catch the drinkm when they stucM 
Now the palrontologist finds a 
treasure in that one pool. In 
the drought of lou, it noted 
the fishli a poS burrot^ mto tM 
when the water dried upi i jnlcss 

baked haid in thdr lumd^s- ^ 

geologisU of they 

extraordinary 
those of a ^ , 

them, old 



twcnty-iiiU 
^ere fot»o^ 



• THE 

I an ave, obviously entoiiil?^ by cariier rodcs^ It is doubtful wfcctbat* dm is 

to be constdered the most extraordinary case 
r ssil found in d fossilization ; it is certainly rivalled by 

j \Tnber is the fossilized gum which some Paleozoic (III) fishes (to be seen in 
H as resin from long decayed pine- New York) which have been so ddicatdy 
( /lily an insignificant fraction d the petrified that thin slices of their muscles, 
p^jp^.lation of the world gets trapj^ in groimd down to transparency, and looked 
sin • insignificant fraction of at under a high power of the microscope, 

le resin is hardened and preserved as show the cross-sections of the muscle-fibres 
mber ; almost all our knowledge as clearly as a fresh-made preparation from 

f the ^ derived from a modem dog-fish. How the microscopic 

)ccimcns in amber. structure of living tissue came to be thus 

The ainoLini of detail preserved to us is translated into stone we do not fully under- 
Iso very much a matter of luck. As a rule, stand ; but at least the rarity of such lucky 
othing survives but the skeleton, and even finds brings home to us the multiplicity of 
lat may be distorted and sometimes partly what is lost for ever. 

jtted. Now and again, however, happy The various difficulties thus put in the way 

ccidenis have caused traces of the softer of palseontologists arc of two main kinds, 
arts to survive to our day. For example, There 'arc those which lead to gaps and 
ac or two specimens of the strange, duck- imperfections in the fossil record, whether 
illrd dinosaur, trachodon, in the Upper through the fewness of animals and plants 
Irftart ous (IV C 3), died and fell on a patch which became fossilized, the washing away 
[ soft mud. I hey decayed and the place of large sections of the crust when brought 
here they had been became covered with above water, for wind, rain, and frost to 
md. Bui the mud beneath held the im- destroy, or the destruction of fossils by the 
ressionofthcii skins with surprising fidelity — heat and pressure of metamorphosis. And 
> that now we have the form of their skins there are those which make it difficult to 
rcsriTed, with a mould in hardened mud arrange what fossils we have in the right 
tid a cast in hardened sand. Some of the order, whether the difficulty springs from the 
plphin-likc ichthyosaurs left records of turning of layers topsy-turvy and from fault- 
\Q\r flesh and fins ; some even of their ing, or from the fact that two contemporan- 
^es, marked with a spiral twist by the eous layers might show quite different fossils, 
flds of their intestine, and containing cither because they were laid down in quite 
bdigested remains of the fossil squid-Iikc different situations, or because, though 
features called bdemnites. comparable in the environment they provide, 

I he very first known land beasts left foot- they were situated far apart on the earth’s 
Its in the mud across which they lum- surface. 

^d ; the bird-reptile Archaeopteryx The imperfection of the record is un- 

iiped its feathers with astonisMng detail fortunate, but nothing more. It makes the 
he fine-grained lithographic limestone of labours of fossil-hunters greater, and should 
j warn us against clamouring for the imme- 

ut thei e are even older happy chances diatc discovery of this or that “ ixussing link.” 

11 these. Some Devonian plants (III D) But patience and the exploration of more 
sn minutely petrified that we can study and more of the earth’s surface are bringing 
precise shape of the microscopic hairs their own reward. Every year the record 
T ^ leaves. And recently becomes less scrappy, and in many groups 

0 has discovered a wonderful array of animab, what fifty years ago seemed 
an Th 1 Middle Cam- impossible to hope for has been achieved, 

w ^ r ^ nearly as clear to and an unbroken scries dbcovered, leading 
“s hof ^ were swimming about, through ages of time from simple to highly 
llinn almost five hundred developed types. The difficulty b not one 

issed In ^ i ^ ^^”*1 of principle. 

y-fish • * ^ tbc outlines of But the other difficulty seentis at first sight 

Js and T • i appqid- more serious, and the op^nents of Evolution, 

k soft /rl small Crustacea, with aU anxious to find any stick to beat a dog with, 
Pines of 111 '• f appendages, even the have tried to make out that it is a defect of 
► likethne.! .U*. . ? ^*^**^ principle. The Evolutionist, they say, pii^ 

P their o ®WKiem seas, tends t^t he dates hb fo^ by d 

f found Walcott has the rock-layers in which they arc ibond ; 

j varms of bacterH fiopi ftjlll ^ but in reality he very often ^ 

ft '■ - V 
A'’. #- 7- ’I..'*- 
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layers by the fossils found in them'— when, 
for instance, they are distorted in mountains, 
or when only a single fossil-bearing layer can 
be found, or when new quarters of the globe 
are explored for fossils ; and this, they 
proclaim, is arguing in a vicious circle. 

As a matter of fact, however, the palas- 
ontoloCTst does not fake his results with the 
naivete which these assertions ascribe to 
him. He first of all examines the earth’s 
crust in some region, like the south-eastern 
half of England, or the Bad Lands of Wyom- 
ing, where the strata lie plainly one above 
the other and are not crumpled or distorted. 
He collects series of fossils from as many as 
possible of such undisturbed layers, examines 
them, determines to what group they belong, 
and whether there exist any others of exactly 
the same species from other layers. By so 
doing he can provide for each main layer and 
for each kind of deposit — sandstone, shale, 
clay, or limestone — within each main layer, 
a list of fossil spexies which are not found in 
any other layers, and of others which are 
especially abundant in the layer, or very 
scarce or absent therein. It is only after he 
has thus dated his fossils by reference to an 
undisturbed succession of deposits that he 
uses them to help him in dating layers whose 
age cannot be determined by these straight- 
forward methods. 

The only really serious difficulty in dating 
rocks is the problem of relating the rock- 
systems of distant regions of the globe. The 
succession of rocks in China may be known, 
and also the succession in Western Europe ; 
but the evidence may be lacking which 
enables us to say exactly how the one should 
be fitted against the other. This may lead 
to uncertainty in points of detail ; but even 
in such cases it is always possible to date with- 
in geologically moderate limits, and every 
scrap of new knowledge helps to narrow those 
limits down. Here again the difficulty is 
not one of principle. 

The essential fact is this : fossils are not 
used to date rocks of doubtful age until they 
themselves have been dated by their position 
in rocks whose order is not doubtful but 
obvious. And the proof of the correctness 
of the method is that its results arc coherent 
and intelligible. We do not find ammonites 
appearing haphazard in the earth’s crust, 
but in a dehmte set of its layers ; mammals 
do not appear and disappear sporadically 
through geological time, but come on the 
scene when they are expected, and from then 
onwards show a steady development ; four- 
toed and one-toed horses are never found in 
the same stratum, and so forth. If each 
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fossil is a word in the Book of Life's hig| 
then a century ago these words niade* i’ 
a few scattered but promising snntn 
to-day, thanks to unceasing exDlora?’ 
they have fallen into place, and have 
man a new and clearer story of lifeh nae* 
life’s destiny. 

§3 

A Sample Section in the Hishry 
of Life : the Evolution of Horses 

And now let us take one of the betw 
preserved sections from this vast, confu^ 
autobiography which life has written inT 
rocks. It is a section of which we shall dw 
a considerable amount of detail and rather 
bothersome multiplicity of generic names^ 
The reader is under no obligation to remern 
ber these names, but they have to be “ 
duced in court ” for the purposes ofourpr^f 

It is loudly argued by many Creationist 
and semi-Creationists that there is no fully 
worked-out pedigree of any existing form 
of life, and that there is nothing to dispos 
of the view that at irregular intervals creativ 
forces intervene in the evoluting process an 
make life take a convulsive stride forwait 
This, however, is not the case. So far froi 
there being no well-worked-out pedigre 
in which the successive forms in some grou 
of animals are seen visibly modified an 
differentiated, there are now several su( 
family trees in existence. We are giving he: 
the past record of the existing horses. Thi 
have been evolved from a small, foiir-toi 
Eocene mammal, and every step in tl 
process is traceable. (Let us warn the read 
that the time-diagram — ^Fig. 122— is nec( 
sary to the reading of what follows.) 

It is worth noting that the earliest kno^ 
three-toed fossil horse was described 
recently as i860, the year after Darv 
published the Origin of Species y and that it v 
not till about 1870 that any serious atten 
was or could be made to establish the hon 
ancestry from fossils. Many startling w 
were made in the ’seventies arid ’eigi 
presenting the story in rough outline. Uu 
has been the patient accumulation of spi 

mens since then which has filled ^ 
and made it convincing. As the fossil* 
ing rocks have been more mtensi 
explored, link after link has been broug 
light, until now we arc able to reco 
an almost unbroken cl^n of change 
,ing for over forty ttiilUon years. 

The existing honf» vi 

distinct family of ^ 

brates have hut one toi to each f > 
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lals have quite similar teeth, 
now comprisa onc^ genus only, 
and including seven species— 
^vild assa (the onager and kiang), 
1 wild ass, the little Przevalsky’s 
from Asia, and three kinds of zebra 
A fourth kind of zebra, the 
hns recently been exterminated. 


:r ai’ 

• farn 
rd 

Asia I 
Afi’ic 

5C 




n Afn^ a. 

has recently 

addition, there are, of course, the many 
o( domestic horse and donkey, 
uffht into ])eing by man s selec- 
breeclmLC. Now all these wild 
sfs and msses and zebras live in 
ch the same way. They run 
ftly over hard, level plains (wild 
■s in the Mongolian desert have 
n timed doing their forty miles 
hour), and they feed on a food 
[ is dilhcult to chew— on the 
;rh leaves and stems of grasses, 
ch are often hardened by a 
;aiii amount of flinty matter. 

:1 corresponding with this hard- 
i ol' ground and of food, we find 
dal provisions in their feet and 
h. 

lie single toe of a horse’s foot 
responds to the third or middle 
(){ the more ordinary five- toed 
. Only the last joint of the toe 
dies the ground ; the hoof in which 
last joint is encased is the exact 
ivalent of an overgrown loe- 
. The horse’s wrist and ankle 
far above the ground, forming 
joints eommonly called “ knee ” 

“hock'’ ; the true knee is what 
)^le(l the stifle. The region corre- 
iding to our palm or sole contains 
single elongated cannon-bone, 
the other fingers or toes are not 
ipleicly absent, for attached to 
hinder angles of this cannon- 
e are two little splint-bones : and 
‘ d^^se are the remains of the 
fourth fingers and toes is 
_y proved not merely by their 
and by the fact that one 
^in ol them occasionaUy develop 
missing joints and a miniature hoof, but 

^ specially 

■ It i or less completely 

^ a limb devoted to a special 
glassy plains the best 
. • P' from enemies lies in speed ; 
need nn comparatively level 


and hard ground that the legs of the horse arc 
suited. Everything else has been sacrificed 
to that. The elongation of the actual foot- 
region gives a better leverage ; the con- 
centration of all the limb-muscles in the 
upper part of the legs allows for rapid swing ; 
a limb which consists of a single pillar, jointed 
so as to move only fore-and-aft, transmitting 
all the weight downwards to a single ex- 
panded hoof, is stronger than one which can 



IS 

Pon, 
kof 

is fot 


Fig. 123. Stages in the evolution of the horse's hoof; a 
series of left forefeet. 

On the right, Eohippus with three of its four toes visible — the fifth, 
fourth, and third. Pfext to it, Mesohippus with fifth digit reduced to 
a splint-bone, and considerable lengthening qf the toes. Then 
Merychifpus with fifth digit small and lifud off the ground, and 
enlarged central digit. On the left, the modem horse, Equus, with 
big central hoof, fifth digit quite disappeared, and second and fourth 
digits reduced to splint-bones. 


be moved in all directions, or than one in 
which the lower arm or leg contains two 
bones (as in ourselves), and there is less 
give ’* than in a limb ending in several toes. 
Accordingly the horse, though it can only 
execute a very few kinds of movements with 
its limb, though it sinks in soft ground owing 
to lack of spreading toes, though it is not 
well adapted to broken country, triumphs 
in speed on dry and rolling plains (Fig. 123), 
Incidentally, length of leg makes length 
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of neck a necessity ; without that the horse 
could not reach down to its food. 

The grinding teeth of a horse are beauti- 
fully and elaborately adapted for dealing 
with the tough grasses that he consumes. 
They arc peculiar in three ways. First, 
they are all alike, instead of the true molars 
being more complex than the premolars as 
is usual. The prcmolars, we may remark in 
passing, arc those grinding teeth which have 
predecessors in the milk dentition ; the 
molars have not. Secondly, these quite 
similar molars and premolars of the horse 
all have an extremely complicated surface 
pattern. Before they cut the jaw-bone they 
arc covered with haixl, glossy enamel, rising 
up in ridges round a couple of deep cavities. 

W 

Eohippus Orehippus Mesohippus Merychippus Pt<ohippus 
lowerCocene Mid Eocene MidOligocene Mid Miocene Upper Miocene 


roots, but go on growing from below 
a rabbit’s fipnt teeth, as they fut w orn 1 ' 

. .A, ... .. a\y|| 


are 


'formed, 




above. After this roots 
growth ceases, and the tec^th arc gj, 
pushed up to compensate for v ear at 

surface till they arc all worn away, 
animal dies because it cannot chew its foJ 
Our own teeth, and most mammalian^y 
arc finished and complete as soDn 
have erupted, but in a horse cornpleW 
d'elayed for eight years to give a jJ 
working life. ^ 

The horse’s- teeth, then, ' are admirali 
adapted for chewing up gimes ; and I 
size and peculiar shape of Ids head is dJ 
the need for finding room for these powed 
and deep-rooted living millstones, andfoH 
muscles to work thea 


Equus cabalius 
Recent 


we lo 





Fig. 124. Tooth evolution in horses. 

During the Cenozoic, the teeth of the horse stock become 
progressively bigger, especially in height, and their grind- 
ing surface becomes more complicated, A series of teeth 
^rm upper jaws is here shown to scale, above in surface 
view, Mow in side view. Left to right: Eohippus ; 
Orohippus ; Mesohippus ; Merychippus ; Pliokippus ; 
Modem Horse. 


These cavides later get filled up with cement, 
a substance not quite so hard as enamel, 
which is secreted by special glands as the 
tooth breaks through the gum. Under the 
enamel is the softer dentine. Use soon 
grinds off the top of the teeth, with the result 
that thdr tops become nearly flat ; but as the 
three materials wear down at different rates, 
sharp edges of enamel stand up a little be- 
yond the cement, and a little mgher above 
the dentine. The whole forms a remarkably 
effective miniature millstone, with the ad- 
vantajgc over our millstones that it keeps its 
grinding-ridges sharp as it is worn down (Fig. 
124). 

Tht third pmnt about the teeth is that they 
arc of remarkable depth, and that dtu'ing the 
first eight years of life they have no closed 
204 


Now, when 
back to the 

Eocene (V A), theyei 

period of the Cenozc 
we find nothing rest 
bling a horse. We j 
no mammal so spei 
lized as a horse. In 
earliest Eocene, a!n 
all the mammals h 
small, they all hadcil 
four or five toes to e 
foot, and their teeth v 
short, low-crowned, 
provided with mort 
less rounded or cor 
cusps, never with gr 
ing ridges. Obv 
* carnivores with teeii 
slicing and cutting, 
those of lion or wolf 
not exist, nor ojr 
herbivores, with grin 
and chewing teeth 
those of cow or elephant. In the later! 
of the Eocene Perk^, definite carnivore 
herbivores can be recognized, together 
other well-marked types ; but these 
forms arc all actremdy different froir 
living animals. When Owen in 
scribed Hyracothcrium— for that is th 
name in our histoiy— he never even p 
at the relationship oetween it and the t 
now not only do we know that the 
ancestral to the other, but we can nil 
the gaps between the two. 

if we go bade stige by stage thwi| 
rocks of the whisNOwWoic Period] 
find that the hbroelSltcordcd its pctU 
fossils* Tlieitt ait 
last, the fossil Iioiidfti#iWble *5 



TIlE EVIDENCE OF THE ROCKS 


ils of proportion. They are all 


r in cl< . 

^in .inimais. 


^ The sMgc before dm there Arc no onc- 
fed h('‘^es. Instead we find smaller 
tures, obviously borse-like type, but 
! three 1 oofs on each foot ; the two outer 
fs howe ver, arc small and must have been 
in running, since they did not reach 
^ound, but hung in the air like the dew- 
vs of de( I und other animals. The teeth 
a less elaborate grinding system, and 
c mu( h shorter. Fossil bones of these— 
[1 we call (hem the father of the horses ? 
re not uncommon in CKlna, and (with 
ers) are dug up to be sold to apothecaries 
dragons ' teeth,” that essential ingredient 
the ChiiH'se phar- 
copneia. Professor 
tson tells us that 
fii the Chinese 
Durers employed to 
them up recognize 
skulls as like those 
heir donkeys, 
hthe next, and still 
tr, assemblage of 
|as, the grand- 
piits, so to speak, 

I ancestral horses 
c no larger than a 
e dog or a small 
tland pony. They 
were three- toed ; 
all three hoofs 
:hed the ground, 
in addition they 
lesscd on the fore- 
the trace of a 
th toe, in the 
1 of a little splint 
nst the eannon- 
E ; the tooth- 
ern again was less 
orate, the whole 
It shorter, and there was no trace of the 
ent which in all later forms filled up the 
Jys between the ridges of enamel and 
tne, and so ensured a flat grinding 
throughout. Yet one can easily 
Knizc the skeletons even of this stage 
Eoosc of horses— three-toed and rather 
'isn horses, but horses, 
ftally, in the earliest stage, the far an- 
) m which we can still deflnitcly detect 
tendencies which culminated in the 


And fifth dimti ; the teeth were very short, 
vnth only indications of the system of Ending 
ridges, and the premolars were not so lar^ 
nor of so complu^ted a pattern as die molars. 

Besides the teeth and toes, other diaracters, 
too, show steady parallel changes as we go 
back through time. The earlier forms had 
shorter nedcs and faces, less dghdy fitted 
wrists and ankles, two separate bones instead 
of one in the lower arm and leg. In a word, 
as we go back we find horses less and less 
efficiendy adapted for swift running and for 
grinding hard vegetable food, and more and 
more like the other generalized mammals 
of the early Eocene (V A i). 

The existence of these three-toed horses 



Fig. 125. The modern horse recapitulates its own evolution. 


(.4) Thf skeleton of the limb of an embryo horse six weeks old^ showing three toes. {B) The 
same, eight weeks old, showingthe side toes much reduced relative to the ndddle toe, on which 
the hoof is formm. (C) The same in a five-months embryo, showing side toes reduced 
to splints. {D) The etidqf a side toe of {C), much enlarged, showing its rudimentary hoof. 
{E) The end of a side toe at birth ; the various bones are still separate, not joined as in 
achdt horses. {Modified from drawings by Professor Cossar JEkw/.) 

in the past acquires a double significance 
when we remember that every individual 
one-toed horse of to-day actually passes 
through a three-toed stage in its embryonic 
development. In a six-weeks embryo the 
limbs are short ; two separate bones arc 
present to make the skeleton of the forearm ; 
the wrist and foot are short, and the middie 
toe is flanked by two other smaller but per- 
feedy formed toes, each complete with ^ 
same number of joints as the centre toe. At 
eight weeks the two side toes are on the . way 
to become mere splints, but they sdU Axjw 
the full number df joints. They cven^lAKv 
devdop a cross between a nail aad a 
at their tip, and this later gro^ into a regular 


m animals were bigger 

medium-sized terrier ; there were tour 

• sum”," and three on the 

, someiimes the hind-foot abo showed 
Punt-boiK-s represendng the miiiing first 
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hoof. Not until some weeks after birth do 
the separate joint-surfaces disappear, and 
the three end joints coalesce with each other 
and with the elongated first joint to form 
the little buttons that tip the splint-bones 
(Fig. 125). 

Thus the three-toed state occurs twice, 
in two different ways, in the history of horses. 
It occurred as a stage in the past history of 
the race ; and it occurs as a stage in the 
development of every modern one-toed 
individual : the current stage recapitulates 
the three-toed past in its own embryo person. 

All this in broad outline was known more 
than half a century ago, when isolated repre- 
sentatives of all our four main stages had 
already been described, and the general trend 
of horse evolution correctly deduced from 
them. But to-dayiWe have more than the 
broad outline ; we are able to fill in the 
details. It is amazing how fine the detail 
has now become. 

The amount of material at our disposal is 
enormous. In this single horse-stock, begin- 
ning with the little four-toed creatures from 
the Eocene (V A) and ending with the forms 
alive to-day, a total of over two hundred and 
sixty species have now been distinguished and 
named. It is, of course, true that in a con- 
tinuously changing life-flow like this, species, 
genera, and families become merely arbi- 
trary, since no sharp lines can be drawn. 
But even a continuous melody is divided 
up into ban : and the naming of two hun- 
dred and sixty species of fossil horses means 
roughly that we may chop up the continu- 
ously written record into two hundred and 
sixty pieces, making the difference between 
each piece and the next about equal to that 
found between forms recognized as species 
in an average abundant and variable family 
living to-day. Actually, however, in many 
cases the species and genera of fossil horses 
which were readily separated in early days 
have simply blended into each other as new 
material came to light. Sharp breaks in 
fossil history appear always to be the result 
of poverty of finds. Furthermore, not only 
are there these hundreds of types, but of 
many single types hundreds or even thou- 
sands of specimens have been unearthed. 
Occasionally the specimens arc complete, but 
more often they are fragmentary, the skull 
(and especially the lower jaw) being perhaps 
most commonly found. All together, the 
specimens of evolving horses now in the 
museums of the world run into several tens 
of thousands. Even of the Lower Pliocene 
(V D i) three-toed forms alone, at least ten 
thousand have been collected ; and though 
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they come from many localities in 
North Africa, Asia Minor, India, 
Mongolia, China, and North Amei i’ca ? 
them agree with one another in ihci^ f! 
mony with regard to the evolutiod of 
and feet. 

There are two complications of ihe hort,i 
history. First, though the main trend ’ 
always on towards the modem horse m * 
of the fossil types represent side twigs wh^' 
have died out sooner or later, Icdvin&o*? 
the central branch to grow on to cnlminatio 
Second, the horses, being a very 
species which can travel great distant 
rapidly, have a wide arena for their develon 
ment. The earliest forms so far found a! 
from the Western United States ; but froj 
North America they soon invaded the Oli 
World across a land connection where i 
now Behring Strait ; and the living lid 
flowed back and forth between the Old Wor] 
and the New, or was dammed back, accorc 
ing as this bridge emerged or was sun 
under the waters ; it invaded Africa, an 
flowed down into South America, when tl 
Central American connection came ini 
existence, in the late Miocene Period (V C 3 
Thus, as climate changed and ])arriers wc 
bridged, the various types of horse won 
move from plac? to place of this wide seen 
so that sometimes quite new types sudden 
appear in the local record— invaders whii 
were evolved in some other locality whe 
perhaps fossils have not yet been discovere 
But in spite of these obscuring factors t 
story has been clearly worked out ; the foss 
are so numerous that it can be constru 
without any doubt at all. 

It will repay our trouble if we try 
penetrate a little deeper into this repi 
sentative chapter of life’s history. Krsi, ' 
may ask what could have been the reasf 
for this steady evolution in one direction. I 
answer aj^ars to lie largely in a clima 
change. TTie evidence of fossil plants ma 
it clear that during the Cenozoic, in 
Eocene (V A) to Pliocene (V D), the dm 
of the north temperate and subtropi 
regions became progressively drier, and 
over much of North America and hut 
forest gradually gave place to glades, 
these to open plains, on which then 
evolved grasses flourished and yrea • 
was but natural that a few of the a 
from the already crowded forests ve 
out to try their luck in the new wo 
thus presented itself, vjt was a new, 
life ; the new plahts cJ the . j 
and hard to chew, And ^ P A 
effective conccalmciit is diwtilt. 0 
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^ fVjst. Some of the adventurers chewed 
,j and fled fast enough to survive ; 
pursiiiiac carnivores had. yet to achieve 
speed I he wolf. The earliest foi^r-tocd 
ggs vvei forest-dwellers ; they must have 
>d as tii' h closest surviving relations the 
,irs live to-day, moving slowly and warily 
•1 soft L,iound and eating comparatively 
[vegetation ; but the three-toed forms had 
the most i)art taken to the grazing life of- 
: plains. The progressive spread of the 
ins duung the rest of the Cenozoic up to 
; Glacial f^poch (V E) put a premium 
[)n coiitiiiiied improvement in the same 
ection. Thus the early horses increased 
1 flourished. Their more conservative 
est-dwelling cousins dwindled in numbers 
their range was restricted, and in most 
es became altogether extinct, while the 
piitive wolf and the primitive horse were 
filing each other speed. 

[he various .stages of this main line of 
elution have been classified into ten genera, 
which we append the following thumb- 
1 sketches. Number one is Eohippus 
pi the American Lower Eocene (V A i), 

1 earliest knowm four-toed horse ; of this 
|us thirteen sjK'cies are now known, rang- 
iii size from a cat to a medium-sized 
[ier. It represents the more primitive 

f of the earliest of our four main stages, 
with rudiments of the first and fifth 
on the hind-foot. There are also three or 
' European species of the same age and 
era! character, but with even more 
nitivc teeth, which have been given the 
1 C of Hyracolherium. Orohippus comes 
'nd, from the Middle Eocene (V A 2), 

» ten known species. I’his lacks the 
nicmary hind-toes, and its premolar 
1 gradually become more molar-like as 
lass up in the rock layers from species to 
It'S. In both these types the lower arm 
eg contained two separate bones, and 
fc-limb could still be twisted and 
a about in a way impossible for the 

olT'"' atree, Epihippus, 

species hitherto described, is 
£ It is still 

lolar w, of the three 

is no 8””aers. 

ippus. between it and 

Stage I. Meso- 

^ ^pihiDDiK Viable toes. Between 
' final ® g»p, during 

'fi-ont toe reducUon of the 

the merest splipt must have 


been run through, and during which there 
also a considerable increase in size. 
Thousands of specimens of the genus have 
been found, the earliest from the Lower 
Oligocene (V B i), but running on through 
Middle into Upper ; these can l>c separated 
into no less than eighteen species. All 
three of the actively-grinding prcmolars 
are now like the molaVs, and in the fore-arm 
and lower leg one of the two bones is enlarged 
to take nearly all the weight, while the other 

T’u disappearance. 

Ti^ fifth genus is called Miohippus. It is 
first found in the Upper Olija^cne (V B 3) 
and is scarcely to be separated from Meso- 
nippus, save by its rather laiger size (up to 
that of a sheep) and the better mechanical 
comtruction of the skeleton of its wrist and 
ankle. It also is abundant and variable, with 
seventeen known species. Parahippus, first 
found in the next higher rock formation, the 
Lower Miocene, is a real connecting link 
between Main Stage II and Main Stage III. 
The earlier of the eighteen species so far 
discovered are on the whole very like Mio • 
foppus, while some of the later forms have 
the outer two hoofs and digits so much 
reduced as to be useless. The teeth, too, are 
interesting ; the cement filling appears for 
the first time, but only in some of the later 
spraes is it anything but a very thin coating. 

Parahippus runs on right through the 
Miocene : but already by the Middle Mio- 
cene (V C 2) a more progressive type had 
appeared, which is called Mcrychippus. 

1 his type, abundant and wide-ranging, with 
some twenty-five species, definitely initiates 
our Main Stage III, for its side toes never 
touch the ground. But it makes a greater 
advance in the depth of the teeth. In tiic 
earliest species of Mcrychippus the grindcis 
are only as high as wide ; in some of the 
bright is two-and-a-half times the 
width. The cement is always abundant, 
though it was not deposited until just before 
the tooth emerged from its bone socket, 
instead of some time before, as in the living 
horse. The ulna, the dwindling second bone 
in the lower fore-limb, is a separate splint in 
colte of Mcrychippus, but in the adults is fused 
with the main bone or radius, as it is from 
birth onwa^ in modem horses ; here we get 
a second glimpse of recapitulation, tliat wiac- 
spread phenomenon of which the thn^toed 
embryos of modem horses have already 
given us an example. Much inctease in size 
alro took place within the group before it 
faded out in the early Pliocene (V D 1), the 
later forms being often as big as small ponies* 
Our eighth genus, PliobippuSi grades back 

imy 
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insensibly into some of the Mcrychippus 
forms, first emerging distinctly towards the 
very end of the Miocene (V C 3) and con- 
tinuing through the Lower Pliocene (V D i). 
M re^uxis feet, Pliohippus bridges the gap 
between Main Stages 111 and IV, some d iU 
seventeen species possessing tiny but perfect 
side toes complete with miniature but useless 
hoofe, while in others they were reduced to 
single splints as in modern horses. The chief 

f ioint of progress again concerns the teeth, 
n earlier genera, ^e molars led the way ; 
then their more elaborate pattern was 
gradually adapted by the premolars too. 
However, this applied to the permanent 
premolars ; their milk-teeth predecessors in 
the colt were always of simpler pattern. 
But in Pliohippus the elaborate pattern has 
been thrown back into the milk-tooth stage, 
and from now onwards all the grinders at 
every stage of life share equally in every 
advance made in the grinding machinery. 
The ninth genus is Plcsippus, which comes 
^ definitely into' the last of our four main 
stages. So far, only one species has been 
discovered, from the Upper Pliocene (V D 3), 
but of this one species the anatomy is known 


THE SCilllGE OF llFE ClfApTEa 


in full detail, These crcata»i» were 
much like a smallish horse, but die hoc 
in Pliohippus, were still much ^alfcr 1 
in a moaern horse, and the ^th show 
little advance on diose of Pliohippus. 
splint-bones representing the outci toes 
very interesting, for they are longer than tl 
of living horses and more cSiqmncied at 
tip. The fifth digit of the fow-foot, wh 
as we saw, became useless in Mesohippa 
hung on for a long time as a remnant, a 
was apparently loth to disappear, for it isji 
represented in Plesippus by a tiny nodii 
of bone. Indeed, in living horses, thoui 
usually wholly absent, it is still to be% 
in a few individuals as a still smaller nodul 
The shape of the skull is like that ofo 
modern horses. 

From this type to Equus, the true honej 
but a small step, which was taken at the tun 
from Pliocene to Pleistocene (V E). Evej 
among the various species of Equus, howe^ 
evolution can be seen at work, for many d 
the earlier species are both smaller ad 
more primitive in tooth-pattern than ; 
existing modern horses. On the other h 
one or two recently extinct forms considt 



Fig. 126 . The Ewlutm of 

The ekjferent geological periods are all represented on the same 
whm scales lune been magnified Jive and twenty-Jive times respecUo^* Jht 
Ungulaies are scarcely to be distinguished, but soon the separate eUstiki 
beame markedly distinct. The horse stock alone is here followed j.; 

in the text are given, with {below) the numbers comspoadhng o 

main stages is it^icated. The initial stock is all the time iheawaii w 
and mn^tant, but some produced distitiet 
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siny In the late Hioccnc (VD3) the hor$c- 

5^ were Diobablv even lar^r than our «todc invaded South America, and here was 
^ tic (iraught-horscs ; meir size is evolved the Hippidium branch, possessing 
? tf, he correlated with their living in extremely short legs and a strangcly-con- 
'nter^l ieial period when the world w^ structed nose-region. These creatures were 
^er aiul richer in vegetation than it is a group of three genera, of which only four 
^days- many as forty-five fossil species have as yet been unearthed, only 
^ es hav( been unearthed and described, extinguished within the last million years, 
'that less than a sixth of the total known Their short legs probably indicate that they 
fiety of liie genus Equus is in existence were adapted to mountain life. The origin 

of this aberrant line is traceable through 
Thus has the change been brought about, Protohippus, a group of thirteen somewhat 
the tiny? furtive, forest-haunting, earlier species, 
jwsing bohippus to the swift, strong, The fourth and largest side-line is the 
^in’g Equus of the open country. But the Hipparion branch. It came off from Mery- 
dy would not be complete without a chippus in the late Miocene and ran on to 
iiiinn of certain side branches which grew the close of the Pliocene, when it was 
t turning aside from the main trend of extinguished, but not before it had given 
ie evolution and sooner or later came to rise to some thirty-five species. It is 
thing. We have this evolution of their interesting as retaining the two outer toes, 
inction, step by step, though not touching the ground, long after 

[he first ol these branches started in the the main-line had reduced them to splints ; 
Eocene (V A i). Some of the Old while, on the other hand, some of its species 
d, four-toed forms wandered off on their improved their teeth beyond anything 
but beeame extinguished in the Lower known even in present-day horses, the 
)ccne (V B i) after advancing a certain grinding pattern being more complex in 
parallel with the main horse-stock, some, the height of the teeth greater in 
otherium, three-toed but somewhat others. It is likely that this increas^ speciali- 
y and tapir-like, was the best known, but zation of teeth was an adaptation to a desert 
•s were lighter and better adapted to life, where the hard, dry vegetation needs 
running. Over twenty species arc more grinding. It may be that these horses 
ni to have been evolved in these side- fell out of the battle for life because of this 
; what brought their career to a close too exclusive dependence on the special 
certain. virtues of their teeth and were caught by a 

le next divergent branch began at the change of circumstances that made speed of 
of the Miocene (V G). Its peculiarity greater importance. 

stfd in its retaining three good toes on That is a condensed summary of the story 
foot, very much splayed out, and teeth of the horse and its ancestors and vanished 
veil adapted for grinding grass, but suit- cousins as we know it to-day. It is a talc of 
for browsing leaves. While some species adventure and arduous conquest, of steady 
liohippus form a connecting bridge to and successful adaptation of a Btcc to new 
hippus and the rest of the main horse- surroundings. But it is more interesting as 
others connect equally insensibly with a part of a vaster drama. It dbplays one 
3ase of this side-branch. The tendency, streak of the process of Evolution very com- 
revealcd in them, runs its course through plctcly and convincingly. Step by step, 
uple ol genera, culminating in the early yaricty by variety, the progressive changes 
tone (V D i ) in Hypohippus, In this can be traced. One can hardly say where 
pg with at least ten known species, we one species ends and another begins. Doubt- 
pacc a progressive adaptation to forest less our knowledge of fossil horses will be 
t he animals apparently eating more further filled in and rounded off in the 
[ ood and supporting themselves on future, as new specimens turn up ; but nw 
F ^ound by the aid of their spreading discoveries can ao no more now than fUl in 
f Were w (! have, so to speak, a Unc of a little gap here, correct a minor error dicre. 

» ot animals which shirked the The essential facts are already hdort m in 
the plains that their fullness. In one long ^leryonq might 

into^^fi turned assemble all these stages. We have hare in 

e biif i ^ they a crushing multitude of steadily prograndng 

dirpn, ^ ' ^ t ^ specimens just that complete^ contiiiuoiw 

led In T u horse-stock was exhi^^^ of Evolution in ae^on tibe j 
^ Win through. ' '"'T^tionist'has demandedU 
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§4 

The Continuity of Ewlution as 
Shown by Sea-Urchins 

One great merit of the horse’s evolutionary 
record is that the animal is familiar and that 
we can readily understand the biological 
meaning of the main trends in its long, 
ancestral development. Its only defect as a 
demonstration is that the record is nowhere 
continuous in one single locality. 

If we could find a considerable thickness 
of rock, all dci^ited under approximately 
the same conditions, we should expect to 
find an absolutely unbroken sequence, a still 
more unbreakable evolutionary chain, in the 
fossils which it contains. Such large thick- 
nesses of one kind of deposit are naturally, 
though unfortunately, rare ; for usually, as 
deposits pile up they are brought nearer to 
the surface of the sea by the mainland rising, 
or by their own gradual accumulation, or 
they are submerged deeper by the land’s 
sinking. In either case the character of the 
sediment, and therefore of the animals which 
can live at the bottom, will change, since, 
for instance, sand particles will sink before 
fine mud, and future sandstones therefore be 
laid down nearer inshore and in less quiet 
waters than future clays. 

But the chalk of the Mesozoic Epoch (IV) 
happily serves our purpose. Up to a thou- 
sand feet of it were continuously laid down in 
large but shallow seas, originally as a limy 
mud, largely formed of the tiny skeletons of 
single-celled animals rained softly down 
from the waters above. This went on during 
much of the Upper Cretaceous Period 
{IV C 3), for at least ten million years ; and 
through much of this time conditions of life 
on the botlom of the chalk-depositing sea 
continued so similar that many of the same 
kinds of animals are found in every layer. 

Among the most abundant and the best 
studied of the chalk fossils are the sea- 
urchins known as Micrastcr. These arc found, 
and found abundantly, throughout most of 
the lower half of the chalk. In Southern Eng- 
land, for instance, they persist through 450 
to 500 feet of chalk, the total thickness of the 
deposit varying from nearly 1,300 to nearly 
1,500 feet. Translated into time, this means 
35 per cent, to 40 per cent, of the total chalk 
period, certainly over four million years. 

Throughout this long period the fossil 
Micrasters are so abundant that hundreds 
of thousands can be collected and a gradual 
evolution can be traced as we pass upwards. 
The changes arc apparently trivial. There 
is a slow alteration of shape from rather 
210 
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flattened to rather arched, aand frum ra,i, 
elongated to about as broad as long 
mouth creeps steadily forward, its 
from the front border of the lo\, er s 
decreasing from about a third of the 
length in the early types to a sixth in 
latest, on a total length of fifty to sevent 
millimetres. A low ridge, totally abse! 
at first, appears and grows slowly hi, ° 
along the mnder part o£ the upper sui 
The grooves from which the tubc^feet emei 
grow longer, and their surface, smooth 
first, becomes sculptured. The mouth 
more and more overhung by a protrui 
lip of the hard skeleton ; the little 
on the skeleton become in some u 
gradually more prominent. There are oth! 
changes, but these are the most obvioi 
Opinions differ as to the number of sepj 
ate species into which Micraster should 1 
divided during this period. Since the seri 
is continuous this question can only receh 
an arbitrary answer ; but the most conser^ 
vative estimate is half a dozen. 

The changes arc infinitesimal, both ii 
extent and biological meaning, comp; 
with those in the horses. The explanatic 
doubtless lies in the fact that at the begii 
of the chalk period the sea-urchins w 
already an old and well-differentiated st( 
Even the earliest Micrasters were hig 
specialized for life in sand or mud, and tht 
was neither need nor room for any radic 
improvements. The mammals, on the oi 
hand, were one and all primitive and 
in early Ccnozoic times ; there was obvit 
necessity and opportunity for their improi 
ment, and the horses shared in the gr{ 
evolutionary movement which complett 
remodelled the whole mammalian sto 
between Eocene (V A) and Pliocene (V D)j 
Steadfast as it is, Micraster answers *' 
present purpose, for though the cha 
involved arc small, they are absolutely 
tinuous, the urchins found at one 
grading quite imperceptibly into those 
the rest ; a single spmmcn, indeed, 
show characters of one ** species ui 

of its tube-feet grooves, characters 0 an 
in the rest. There is no question bu 
Cretaceous sea persisted without any 
change in its conditions throughout me 
time, and that our urchins lived, J 
reproduced upoftits bed in a con in 
cession, so that the fossils 
layers were actudiy the ® " 

bedded higher up* Slowly the ra e 

itself; by almost impcrcep^Wc , 

Micraster changed Its ^ape. ^jisi 

ary movement whidh Micraster 
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is small and sluggish, but 
denioii •nation is complete, with 
[ a chil i' or loophole in it. 


§ 5 

" Missing Links ” 
t woiiM be possible to give a 
^l,cr (,r other evolutionary senes, 
„ost or (iiiile as perfect ^ ttoe 
have described in detail. Ihe 
anothere.s, strange, horned, ex- 
ct mammals, rival the horses in 
ness of record. So do the camels, 
c tapir and rhinoceros branches 
. not far behind. An extra- 
hnary parallel to the later 
/elopment of the horec-stock is 
[irded by the evolution of the 
opterna,^ a group of South 
icricaii animals, all now extinct, 
hough many characters prove 
it they were not horses, and not 
■11 closely related to horses, they 
ponded to the world- wide change 
/egctaiion in the same way as the 
scs did. Evolving from a differ- 
five-loed ancestor, they gradually 
leased in size, lengthened their 
s, reduced their outer digits and 
m thrcc-toed became onc-toed. 
ey grew regular hoofs and theii 
til became progressively longer 
1 longer and of more complicated 
:tern. It is interesting that while 
ir side toes were finally reduced 
Iher than in any horse, to mere 
bs of bone, their teeth remained 
efficient, and never formed 
aent. (irassy plains developed 
^South as in North America, 

I since for long before the Plio- 
k (V D) the southern continent 
[ )^holly cut off from North 
nca, no true horses could then 
It; but the Litopterna 
eloped along a parallel line to fill 
same niche in Nature, 
c elephants, too, provide us 
a fine evolutionary scries, 
y Js peculiar in that its trend 
s towards the development 
I ®tir-iusked creatu§e, with 
' Vr jaw. Latcr,Towcvcr, 
mcreasing bulk, the further 

A Reconstruction of Archeop- 


mt 


/ire 

yx m ihr Jurassic woods. 


‘'’mi to urmUo 

the branches. 
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possible ; and at the “‘S T^ical of such linking^ is th, pgj 

^ it, great t^^, TutTud sK neck, b^, Arch^.teryn. iW almost p,rf^ 
borne on any but a direction skeletons of this cnature^ are known, boj 

Accordingly, evolution chMg^ite a Jurassic Pot^ (IV li) in ^ 

and pushed forwards towards a ^o , ^ middle of the Age of Reptiles. The rS 

lower jaw, while the (rrewnd. in which their form is preserved, at Sol^ 

kept the animal in touch wim ^ hofen, in Bavaria, w so fine-granied that it 

And other series almost equally |.erfcct can no , Uthographic stone 4 

has retained the smallest detaili 
down to those of the delicai^ 
feathers. | 

Birds, as was suspected evtii 
before the discovery of this misslnj 
link, are descended from reptiles; 
they are reptiles which have be® 
specialized for an aerial life. 

In Archaeopteryx wc see the 
specialization in progress, incoin- 
plete. In a modern ^ flying bird, 
for example, the reptilian fore-lcgj 
arc turned sideways to serve at 
wings, and this has necessitated 
profound changes in their structure, 
Several originally distinct bones an 
welded together for rigidity, an^ 
the claws are lost (except in tb 
young South American Hoatziii 
which uses its wings to clarabe 
about in the bushes;). But ii 
Archaeopteryx, although the fore 
limb is very certainly a wing, th 
wading of bones had not yet bee 
brought about and there were sti 
three wcll-dcvaoped and movaW 
clawed fingers protruding from « 
wing, used presumably m climbiD 

XS. in a modern bird the « 

skeleton is short, a 
support for the fan of 
but Arclaeopteryx had a long 
tail with twenty vertebree or m 

andarowoflargefeaheRona 

side along its whole leng J 
instead ofthe homy, toothteb* 
a modem bird, tlm gi 



Fie 128. A bird with teeth like a reptile, 

^Jmng-bird, Hesperomis, as it probably appeared tn life. 



I holding prey — ■ - 
wide-open jaws. Moreover, *««« of ampler 
scope but greater continwg, l^c tlwt of 
Mister, are now available for certam 
starfishes, lamp-shells, ammomtes, pond- 
snails and other invertebrate forms. 

Sometimes the fossil record is not so 

SIS 


calling the < — 
opteryxisinitM 

link between 
and reptiife 





hole wi-i 
)dy ha'^' 
jopla'i' 


,l,t and so the hw |wt of the 
,(, be supported (is ia *d«o« 
lo-day) by a 
; must have 



• ' ■.Wcre''hfateid^;h(^^ to di£fe«atiate'-ib^’‘'' 
mdawB, dototoc^ oranolara and mdai% 
tail-piane. wd theiwhoiefenn of dieakull was approach^ 
hVoDi' i vx inusi nave uavobu the powcT of in§^ the roaituwal . They did. not croudi on 
coiii'olled flight j that came only with their belly, but ran with body lifted off the 
nffcr uin-skeleton and larger wings which ground. But they still retained the Mtde 
lowed 111'- tail to be reduced and 
ncritiiiied the bird to tum, check, 

5 drop suddenly, instead_ of plan- 
' alon? and coming to gnef below 
certain speed as an ordinary 

iroplane will do. .... r -i 
Bui theie are other hnking fossil 
in tlif bird stock. In the 
Iretaccous Period (IV C) birds 
ave been discovered which were 
mpiitiallv similar to living birds in 
and tail, but still had teeth 
„ the jaws (Fig. 128). Before the 
liddlc baxene (V A 2) these 
jolhed birds had disappeared, and 
•om thenceforward all bird fossils 
re of iiiodcrii type. A somewhat 
jniilar example comes from rep- 
lies. All modern tortoises and 
^rtles are toothless and beaked like 
Modern birds ; but far back in the 
(ermian Period (III F) there lived 
(tortoise, Eunotosaurus, with well- 
►rmed teeth like the majority of 
iptiles. 

The inainmals, too, arc now linked 
y fossils with their reptilian 
ice.stors. We knew already that 
animals must have sprung from 
iptiles. Apart from all other lines 
‘evidence, the discovery of those 
living fossils,” the Platypus and 
e Echidna, clinched the matter, 
ad we nothing but the skeletons 
tiie.se animals, it would be very 
>ubtfiil whether we should call 
em reptiles in the last stage of 
coming mammals, or mammals 
iich had just ceased being reptile. 

It the fact that they nourish their 
ung by a milky secretion, possess 
'oat of hair, and have a more or 
s constant temperature, stamps 
as true mammals, even 
'Ugh their egg-laying habits and 
'”y other pecuUarities 'show by 
tltey have cfpssed the 

is convincing proof ; but aU the same 
.Xowever, in the Permian 
itui wa, M the Age of 

N whr«r c creatUTOi 
a liVr. Thcromorpha im* 
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Fig, 1 20 . Steps in the evolution of ear-hones from jaw- 
bones in the mammal-like Theromotph reptiles, 

Top^ skull of Stymnoptathus from the Upper Permim [III F 3 ). 
Bottom^ C^gnalkus from the Lower Triassic {IV A i), (D) : the 
hone which forms the jaw in mammals, (i4) and IH) : banes wimh 
M most reptiles form the joint between upper and lower Jaws, and in 
mammals become the little Anvil- and Hammer-bones in the ear, (T) : 
the. bom on which, in mammals, the ear-drum is stret^. 


to 


hole in the top of the head, the pineaK, 
foramen, below which, iit many modem 
reptiles, the third or pineal eye ii still to be 
found; this has bem lost in a& fcnoim 
mammals, with the traiisfi»^tkMfi rsf m 
third eye into the pineal gland. 
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And they Knk reptiles with mammals in 
yet another way. One of the most important 
differences between existing mammas and 
all other vertebrates is the fact that in mam- 
mals the lower jaw consists of but one bone 
on each side, instead of several distinct 
bones stuck together. At the same time, 
there arc three Tittle bones in the mammal’s 


CHAPtei^ 

the 


And thj 
^ hoim 



built into the machineiy 
are actually nipped off 
region of the developing 
tympanic bone, on which 

stretched, can similarly 

with another of the multiple bones^ of f 
reptile’s lower jaw. Now, in the Th 
morphs most of the steps in this 

actually be traced. In tiie 
fossils, the arrangement is liu r 
of other reptiles. Butaswegoforj!?|‘ 
m toe, the two hinging bone, J 
the javw gradually release thenisel,! 
from tbs duty, grow smaller aS 
are to be found in the region of th 
ear ; from this condition, only a 
step would be needed to convert tU 


Fig. 130. A vegetable missing link, Lyginopteris, one 
of the Pteridosperms or Seedfems^from the Carboniferous 
Period {III E), 

A plant is shown bearing seeds on one of its fronds. Three fronds 
are expandedf the odms still curled up. BeloWf on the l^t^ a hit 
of a frond beari^ suds is shown enlarged; on the rights a young j 

'^obertson. 


unexpandedfrond. The ruonstruction was made by Miss J. Roi 
{From “ Extinct Plants and Problems of Evolution^** by Dr. D. H. 

Scott. Courtesy of Macmillan & Co.^ Ltd.) 

middle-ear, transmitting the vibrations of 
its car-drum to its organ of hearing, while 
in all other land vertebrates there is but 
one. It had been suspected for a long time 
that these two extra bones, the so-called 
** hammer ” and “ anvil,” correspond to the 
two bones which in a reptile make the 
hinge-joint of upper with lower jaw; for 
in a mammal embryo before they arc 
214 
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into car-ossicles. Meanwhile 
future tympanic bone also was be. 
coming less concerned with biiii 
and more with hearing (Fig ua 
Archa»pteryx had just raised iuclfto 
bird status ; the Theromorphi 
still reptiles but were on the verge of 
climbing out into a higher straium 
of biological society. 

If we want an example 
transition among the invertebrates’ 
we can go to the brittle-stars, These 
Echinoderms arc very like starfishes, 
but their central body or disc is mticll 
more sharply marked off from theiri 
wriggling arms. In all living brittle- 
stars the grooves along the lowerj 
surface of the arms, so prominent 
starfishes with the tube-feet arranged! 
along them, have disappeared below 
the surface, roofed over to fomij 
tunnels ; further, the main skeleton] 
of each arm is a chain of 
ossicles, beautifully jointed together. 
But in the Silurian (III C) ai' 
Devonian (III D) Periods th( 
existed obvious brittle-stars whit 
possessed open arm-grooves and 
skeletons of much less elaborate 
struction : in both these ways 
link the existing brittle^tars wi^ 
true starfishes. They were star' 
becoming brittle. 

There arc plant missing links ^ 
as animal ones. The Pteridosperms, or 1 
ferns ” which flourished during the la 
half of the Paleostoic Era (HI), 
types of rather a different desenp 
They appear not to provide a 
nection between scciN)caring 
true ferm, and 

but rather to be a side-branch ( 
Hipparion branch of the horse 
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wl' progressive in respect of seed- but these suffice, since all we are concerned 
M n ernained primitive in its general with here is to show that missing links turn 
J;,jm and growth. Rut if the true up in the most diverse mups of animals 
h plants must and plants, and from all periods of the 

' n\ some type ancestral to both earth^s long history. Steadily the gaps are 
and seed-ferns, none the less filled and the ramifications of the tree of 
d'f( r I decrease the gap (Fig. 130). life mapped out with ever-increasing con- 
) ice moie, examples could be multiplied ; fidcnce and precision. 
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§ I 

Structural Plans, Visible and 
Invisible 

I N the previous chapter we have reviewed 
the geological facts which constitute the 
direct evidence for Evolution. They have 
shown us Evolution as actually taking place 
among living things ; they have demon- 
strated that it has needed enormous lapses 
of time for its operations ; that it is a gradual, 
steady process 4 and that it operates to 
produce, not merely progressive change, 
but also divergence and variety. 

But although this transformation made 
visible in the past history of life is by itself 
sufficient to establish the fact of Evolution 
and to intimate something of its modus 
operandi, yet the indirect evidence must not 
be passed over. For one thing, it is impres- 
sive to see how each line of evidence con- 
firms the same story ; and for another, the 
indirect evidence throws light upon many 
of the facts and methods of Evolution which 
the direct evidence does not touch. 

The first line of indirect evidence is 
comparative anatomy. This is often very 
similar to the direct evidence derived from 
fossil forms ; in a number of cases the link- 
ing forms between groups are not wholly 
extinct, but a few of them linger on to the 
present day. We have already seen how 
the mammals and reptiles are linked by the 
duck-billed Platypus and its allies ; worms 
and arthropods by the grub-like Peripatus ; 
vertebrates and sea-urchins by Balanoglossus. 
So also the dog-faced but tree-living lemurs 
link monkeys with insectivorous mam- 
mals, the tailless apes, are half-way in 
structure between monkeys and man, the 
lungfish help bridge the gap between fish 
and terrestrial vertebrates. 

But the chief evidence from comparative 
anatomy comes fi-om the broad study of 
Structural plan. In Book II we saw that 
each of the great phyla of animals and 
pdants is characterized by a common plan 
that underlies the construction of its mem- 
ber. That is fact. But why should it he 


fact ? What is the sense of Hying u 
swimming whale, burrowing mole, S 
jumping jerboa, all bei^ built on om 
plan, while a wholly diflcrent plan nia 
through flying butterfly, swimming water! 
boatman, burrowing mole-cricket and jumn. 
ing grasshopper ? ^ 

Long before the time of Darwin, naturalisn 
had recognized these underlying similarities 
of plan ; Cuvier endeavoured to explain 
them by asserting that each main plan 
or archetype as he called it, corresponded 
to an idea in the mind of God, who had 
rung changes on it in the process of crea- 
tion. It is difficult to understand why only 
a small, definite number of archetypal 
ideas should have been thus divinely con- 
ceived. Why should God be limited in 
his ideas ? And, further, as we shall see, 
the facts of embryology make that conception 
unacceptable. In any case, the idea ol 
Evolution provides a more natural and muclt 
simpler presentation of the reality. If bats, 
wh^es, moles, jerboas, and the rest of tin 
mammab were all descended from soni 
common stock, then it would be exptcfn 
that they should all show the same gener 
plan, that they would start with that an 
vary from that to meet the demands ofthc^ 
distinctive ways of life. 

What could be more different at first sigh 
than whale’s flipper, human arm, horse 
foreleg, and bat’s wing ? Yet the skdet(i| 
of each is very plainly built on the same p*‘ 
— a plan origin^y comprising one longb 
in the upper arm, two in the |pwcr, 
little knobbly ones in the wrist, and t 
jointed fingers to end up with. 

This origimd model is <fistoricd, cut aw 
mo^ed. Sometimes one or two parts g 
encJfeously cnlaiged, like the two bonesf 
the horse’s fore-arm ! sometimes pan* 
•shortened and broadened, like 
radius, and ulna of livmitei ; sometim , 
shrink almost to the secon 


fourth toes of dbcl 
like their first i 
plan remains 
parture 


g, Ske the seco: 

*or wholly f»Pia 
buttherf 
point O' 3 
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Fig. 13 1. The structural plan of the verUbraU's fore-limb is exemplified by that of man. 

The general plan remains the same throughout the vertebrates, from amphibians up, though the details may be 
altered. In the Frog, the two bones of the lower arm are fused. In the Ichtl^aur, they are extrmely 
shortened, and extra rows of fineer-bones are added. In the Dolphin, two of the fbtgers are elongated: in the 
Hat, four. In the Pig, tfu thumb has vanished. ‘ In the Red Deer the second and fifth ^ers are on the way to 
disappearance, and in the Camel only the third and fourth are left. 


l\a\ in limbs all serving the same function, 

! plan may be treated very differently 
i ^et sun ive ; in the wing of a bird, the 
m of wrist and palm are fused into one 
d mass, and only three tiny fingers arc 
lined ; the bat enlarges all the fingers 
ept the first ; while pterodactyls, the 
met flying reptiles, enlarged only the 
tile ” finger ; or again, the flippers of 
le among the ichthyosaurs, though at 
[sight veiy like those of a whale, achieved 
ir paddle-hke shape by a new kind of 
lauon on the original plan; they 
dened themselves by adding to the 
M number of fingers until these 

eW 'T" “Sht. If aU higher 

Jate, from Amphibia up. are de- 
w Iron, one common stock with a five- 
curious details arc 

“Prehenliir'F^gl^tS'™'^’ 

mK ' • to a single 

Diosn,,;? I’lood-sucking tube of 

* for '’s’ii' r inimature 

I ^'W>mg nectar, thtt, 


licking proboscis with its expanded lobes, 
the stag-beetle’s formidable weapons of 
attack, the ant’s chewing apparatus — ^all 
can be reduced to a simple plan such as is 
most clearly seen in a grasshopper or cock- 
roach, with an upper lip, one padr of strong 
mandibles, and two pairs of weaker maxillse, 
the second pair united to make a single 
lower lip (Fig. 133). Once more, if all 
insets arc blood-relations, with bodies 
basically similar but specialized in divers 
ways to suit their diverse habits^ the common 
plan of their jaw parts is easy to understand ; 
if they arc all separate creations, then only 
the supposition of a monstrous pedantry 
in creation seems to afford a glimmer ca 
elucidation. 

Examples could be multiplied almost 
ad injmttum—thc appendages rf lobsters^ 
crabs, and other crustaceans ; the teeth of 
mammals ; the skull or the brain through 
the whole vertebrate series— all tdl 
same story. 

A handful of different flowers ^ Aered in 
a country walk would suffice mr dcrOcm* : ; 
stration» if looked at search^i^ th«j 
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eye that can pierce below the surface ; for, 
as T. H. Huxley wrote, Rowere are the 
primers of the morphologist ; those who 
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about a central theme which is never forsakj, 
however it may, momentarily, cease to 
apparent.” Only descent s««ms able 
explain that unity. 

Of reemt years'^, 
support for the evolj 
tionary idea has 
forthcoimng from 
quarter in the proof 
the chemical resci^, 
blances and differenccji 
between animals ani 
plants. This is realiy 
evidence of the sanr^ 
kind which we havejujtJ 
been examining, " 
that the witness i 
different 



saw 


Ft, !«. The fore-limbs of three flying mUbrates, showing different 
modifications of the same structural plan. 

w besides d only the seeon4 and third digtts renmn. 

01 “*^7 the rest 

run may read in them uniformity of type stnicturc, 

amidst Ldless diversity of plan with com- .. Now, one rf t of 


The evidence still cofr 
cerns resemblances h 
construction, but they 
are the invisible resem. 
blances of chemical 
structure instead of the 
visible ones of anatomy. 

Let us be a little more 
explicit about this new 
line of evidence. Many 
of the triumph 
modern medicine, 
the reader probably 
knows, such as the anti- 
toxin treatment of diph- 
theria, or preventivt 
inoculation against ty 
phoid and paratyphok 
fevers, are based •upoi 
the fundamental prin 
ciplc that when an] 
foreign substance 
longing to the chcit^ 
group of protons M 
into the circulation, 
body roanufactuto j 
: “ antibody n 

; stance which /n 
■ way neutralises J 
foreign protem o Vw 
it out of acuon, 

the antibody ants J 

full force only a« 
the * 

introduced, ^4 ■ 
fo«c against 
of similar enca»a 


;^dst endless diversity of plan witn com- r ^ be put out oi - 

rJ« multiplicity of detail. As a musiaan foreign proton }_ i^d for®- 

migh t say.^every natural group of flower- by bc poisoned by 

plants Is a sort ofvisiblefiigue, wandering example, a rabtnt pc ^ 

2i8 
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\ Fig. 133. Six insect faces. 

t A Moth iPnfilar Hawk Moth) ; a Ij)cust ; a Flea. Below : A House-Jly, sucking a drop of liquid ; an Ant ; 
Kik Malarial Mosquito^ with the parts of its proboscis separated. The mouih-partSt whether built for suckings lickings 
hums,, 01 filming, are all built on the same general plan —unpaired upper lip and three pairs of jaw-appetidages. 
tltU two gain usually bear little feelers or palps, as shown in the locust ; one pair of these is seen in moth and fly. 


:tions of horse’s blood it produces an 
body which gives its own blood the 
'cr of precipitating the blood of horses, 
mrasured quantities of the bloods of 
ted rabbit and of a horse be mixed 
\ test-tube, a cloud appears and settles 
te bottom the horse-proteins have been 
pnated. 


, however, the same amount of th* 
ted rabbit’s blood had been mixe( 
blood from a hen, there would havi 
I no precipitate, not even a trace o 
diriess. The rabbit antibody which wa 
acious with horse-proteins would b 
Jy ineffective with hen-proteins. Bu 
lad been mixed with donkey’s blood 
' would have been a precipitate — onh 
quite so much as if horse’s blood hac 
.used ; wliile cow’s or sheep’s blooc 
I a definite, but very mud 

r precipitate. It is obvious fron 
structural considerations that i 
IS more nearly related to a hom 

thawK*?' "" ^ Here w« 

listrv f /^la^ionship extends to tht 
5 f 'he proteins. In brief. aft« 
Bsel ha generally used for thii 

I ''■IS been treated with the bloot 


of a second kind of animal A, then the 
amount of precipitate which its blood gives 
with the blood of A and of other kin£i of 
animals B, C, D, is found to be proportional, 
so to speak, to the closeness of relationship 
of these latter to A, as measured by anatom- 
ical likeness. A great amount of work 
has been done on this subject, much of it 
summarized in Nuttall’s book, Blood-Immun- 
ity and Blood-relationship, and it is of great 
technical interest. 

Wherever the evidence from comparative 
anatomy is clear, this new chemical evidence 
is in agreement with it. The anatomist, 
for instance, tells us that seals and sea-lions 
arc carnivores which have taken to life in the 
sea : and their blood-proteins arc chemically 
more like that of dogs, cats, and bears than 
of any other creatures. The anatomist 
puts man in the same group with the apes 
and monkeys, and tells us that he is more 
like apes than tailed monkeys, more like 
tailed monkeys than lemurs, and more like 
any of these than he is to all the rest of the 
manunals. His very blood-proteins rein- 
force this conclusion.* The blood of a rabbit 
previously inoculated with human blood 
gives a heavy prmpitate when tested with 

* 
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chimpanzcc^s blood, less with a baboon or 
an organ-grinder’s monkey, sdll less with 
a South American spider-monkey, but next 
to nothing with any animal from other 
mammal groups. 

Occasionally anatomy gives a dubious 
verdict ; and then the blood-test may throw 
fresh light. The whales, for instance, have 
points of resemblance both to carnivores and 
to ungulates, and anatomists have hesitated 
between the two alternatives. Blood-tests 
seem to show that they are more akin to the 
ungulates — a valuable classificatory indi- 
cation. 

We have spoken so far only of animals ; 
but antibodies are produced equally as well 
against plant-proteins, and the method can 
be, and has been, successfully used with 
plants. The rabbit can be injected with 
an extract of some plant tissue, and its 
blood later mixed with similar extracts 
from other plants. The results, from plants 
equally with animals, can be summed up in 
a sentence : likeness of chemical plan goes 
hand-in-hand with likeness in anatomical 
plan. Likeness is intrinsic and touches 
every aspect of the living thing. Living 
things resemble or differ from each other 
in thread and texture as in plan and form. 
This falls in with the idea of Evolution, but 
it is reasonless on any other assumption. 

§2 

Vestiges : the Evidence of the 
Useless 

There are certain facts of anatomy which 
have proved not merely difficult, but impos- 
sible to explain on any other assumption 
than that of Evolution. These are what are 
called vestiges — orgeuis which are useless . 
to their possessor, but resemble and corre- 


spond to useful owaia in other creat, 
Such organs arc often lodS«3y rolled 
mentary organs ; however, sinct: thev ^ 
definitely not to be the beginninj^rg ^ 
thing better, but rather to represen?** 
ruins of past usefulness, it is belter t,! * 
them vestigial. ® 

Perhaps the most strUdn^vestigiai 


have, 


are the legs of whales 
their flippers, well-developed fore^L] 
but externally they show no tfrice of I 
limbs. However, if they arc dissected 
or two little bones are to be fouiid emlx! 
in the flesh in the region of the hind.) 
In some whales, a pair of long rods i, 
that remains, representing the vestige of 
limb-skeleton, while the limb is altow 
gone ; in others, the vestige of the 
girdle has a vestige of a thigh-bone attai 
These bones arc wholly useless— there 
trace of limbs for them to support, and 
have not been turned to other uses. If 
believe in the special creation of each 
of whale, or even of whales as a group 
must confess that these limb-vestiges ’ 
nonsense. But if whales have evolved 
land mammals, their presence is not 
natural but full of significance. Leviat 
we realize is not a perfect, immaculate wl 
made as a whale and as nothing else, 
the descendant of a land animal doini 
best to swim. 

Very similar vestiges of limbs are foi 
in some ^akes. No snake has any trace 
fore-limb, and most lack hind-limbs, 
But in the boas, pythons, and one o 
others, vestiges of hip-girdle and hind- 
arc to be found. Sometimes these 
to be wholly useless, while in other 
although they have no use as limbs, 
protrude as two claws, which doubt 
serve some new if minor function. 


Fig. 134. 


A Vestigid 

kdi 




Tht outline and skeleton of a (keenland Jiight Whale. It has no 
that tS is deseendsd front jfin 

Below, the, ^tiges m drawn enlarged. (?), (i) , parts ^ the hif^tkdki 
attached to Us tip. PfoU also the fkeleUm of the psn fingers oonBemdismm 
plates t and the taU, su hortmtdfy 
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heir anatomy indicates, snakes mimic other butterflies whkh happen to 

evolv 1 lizards, these vestiges enjoy immumty from attack by most enemies. 

sense without the background 
they arc in^plicablc. 
t DiickDill Platypus has no teeth ; 
bird, i 1 1 Jses a horny bill instead. ^ 
it is a m. inimal, and on evolution- 
nrinciplcs must have descended r:r, 
forbear.. look for 

jenceonthispoint-^ndtl^thc 

ience is, carried about by the W. 

,v Platypus in the shape of teeth ’ 
ich thouKii they are complete with • 
itine and enamel, never cut. the : , 
n Tlicy have no function what- ' 
r save that of reassuring the ; 

)lutionist ; and the same is true of 
whalebone whales,, for here also ; , 
embryo develops teeth and then 
Lucres its mind and absorbs them 
lin, all before it is born. 

[he vestiges of toes preserved to us 
the horse’s splint-bones have no 
se save an evolutionary one ; and i 
t the fossil record clinches the 
tier by showing that this sense is i 
I true sense. 

in the common Vapourcr moth, 
ich of recent years has become such 
)cst to trees in London parks, the 
jalcs are wingless. Where they , 
bt out of their cocoons, there they * 
and arc there sought out and 
filized by the winged males. Most 

t lis, of course, are winged in both 
s ; thus on the theory of Evolution 
should expect that the wingless 

alt Vapoiirer had arisen from . , , ,, 



prolongations of the hind ‘35- Another extm^ of tt Vestigud UuMinA in 

p ; and in order to make room oerUhraUs. 

“““rig the resting stage Btlm, m AHoamJe. Above, a view (f the ngion ^ Us ventfim 
.™| catnpillar and butterflv beneash. On the right the surface is shown, wUb a eunA* 

™rysalis-( ases r>n.in. "ie external remnant rf the hmUmb. OnUiti^m shleten 

■ P«;kets intr whvu .u «** oesH^shaleton rflha hip^ and jdnd-lM 

ments L"’" *6 tail- "^outside the rifs, and not ct^LxelSM the bt^ 

•ardiff 

i ‘aillcsr in ?k!I to But the chrysalis-cases of the fatales possess 

, in the female *«* • »k. t.... .u *ZIi^ 


in sh inp ***j’ ** tail-poicts just like those of 

•Pi colour and pattero, although they an obYtoudyus^bamMlI^ 
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be explained unless we suppose that dardarm 
is descended from an ordinary Swallowtail 
with tails in both sexes. 

Sometimes one only of a pair of organs 
becomes vestigial. Female birds have only 
one ovary and oviduct — the left — doubtless 
to provide against the accidents that might 
occur if two large and brittle eggs were to 
knock about simultaneously in their insides ; 
but the right ovary and oviduct are always 
present as miniature and useless vestiges. 
The reptiles, from which birds undoubtedly 
have evolved, possess a pair of functional 
ovaries and oviducts : so that the presence 
of the vestigial right set of organs is perfectly 
intelligible to the Evolutionist. 

Vestiges may, of course, also occur in 
plants. The well-known Butcher’s Broom 
{Ruscus) gives us an example. In this plant, 
what appear to be the leaves are really 
flattened-out stems, as is shown by the fact 
that on them are born the flowers and by 
other anatomical details. This curious 
arrangement is an adaptation to a dry soil ; 
the leaf-like stems are flattened vertically, 
instead of horizontally like ordinary leaves, 
and are accordingly not so much heated as 
leaves would be, and so lose less water from 
their pores. However, leaves are not absent 
in the Butcher’s Broom ; they are still to be 
found, but only in the form of vestiges, 
mere scale-like organs below the leaf-like 
stems and the flower-stalks. These contain 
very litde chlorophyll, and in any case soon 
wither and fall off, so that they are quite 
useless for the leaf’s prime function of food- 
manufacture. 

Very similar vestiges of leaves, though 
often still more reduced in size, are to be 
found in many of the cactuses and prickly 
pears, which, too, have taken on the function 
of food-manufacture by their thickened 
stems, and for the same reason of economizing 
water. 

In flowers, too, vestigial organs may be 
found. The flower of the common figwort, 
Scropkularia, has changed from its original 
five-rayed symmetry, so common among 
flowers, to a bilateral arrangement. And, 
of its five stamens, four are grouped in two 
pairs, and the odd fifth never develops any 
pollen ; it is purely vestigial, and quite 
useless. In the related Gratioky only two 
of the stamens produce pollen, one has been 
entirely lost, and two have been reduced 
to vestiges. 

These flowers have lost their original, 
perfect, five-rayed symmetry ; and in the 
process some of the stamens have become 
useless. But instead of being discarded they 
222 
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sometimes linger on as vestiges to 
botanist unravel the plant’s past evol^’^ 

And so we might proceed. There 
sightless vestiges of eyes in many cave.fi ^ 
ahd cave-shrimps ; the feeble vestit 
wings in kiwi and dodo, and in 
flightless insects ; the poor useless limCI 
Proteus, and other newt-like creatures j 
have preferred swimming to crawling 
of some lizards which have taken to a burr^ 
ing^ife ; and there are a host of exani!L 
which man carries about with him inu 
own person. But we are reserving J 
later section that museum of evolution* 
biology, the human body. 

§3 

The Evidence of the Embryo 

Vestigial organs, actually so diminuiiid 
swell in their theoretical aspect to mounta 
ous proportions, forming impossible barr 
to the attacks of the Anti-EvolutioiiijJ 
But obstacles almost or quite as formidablT 
await him in the facts of embryology. 

About a hundred years ago, von Baer, il 
great embryologist, omitted to label sou^ 
specimens of embryos which he had i 
away in spirit. When he came to exi 

them later he found but we will quote 1^ 

own words : — “ I am quite unable to si 
to what class they belong. They 
be lizards, or small birds, or very youD 
mammals, so complete is the similarity ii 
mode of formation . . . of all these animalsJ 
Thinking over this^hc came to formulattj 
general law — that animals resembled ( 
other more and more the farther back « 
pursued them in development. This lai 
in general holds good, and this rescmblanj^ 
of embryos or larvae is a very striking fa 
very difficult to explain save on evolutiona 
lines. A child of two cam tell a pig from j 
man, a hen from a monkey, an elepha 
from a snake. But these animals are c 
easy to tell apart in the later stages of tli 
development. When they were early « 
bryos, they were adl so alike that not n 
the average man but the average bioloj 
would not be able to distinguish them, J 
even a specialist in embryology 
pardoned a mistake (Fig. i3^) * , u, 
But this is by no means all The em 
of different animals, in addition to 
more like each other as develop®^ 
traced backiN^uxlf, show i-a 

contrast with tiicir, pitfcnts and 
destiny. They become Unlike 
selves, but at ttic same time and in ^ 
respects their construction comes 
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t of ^ animals. To go human embryo ever has the gill-slits of a 

to yon Baer’s unlabelled specimens, fish.” But it has a transitory rude passage 

opiy arc the early embryos of man, through that type of structure. It is not, 

, hen, ‘tnd 
ke so alike 
t they ^-J'e 
■d to lell 

art, l>nt 
; of die 

>, sin which 
yare alike 
in having 
ir heart, 
inarterics, 
d neck- 
ion built 
the same 
n as in 
1 . Thcii 
irt is not 
V i d e cl , 
oily or 
■tly, into 
ht and left 
ves, but it 
a single 
r i s of 
m p I 11 g 
ambers , 
t like the 
iri of a 
i ; on the 
i of the 
:k is a 
b of clefts 
, just the 
iition of a 
it’s gill- 
f ; there is 
[Series of 

E rics run- 
g down 
t'cen the 
ts just as 
sh ; and, 

:ed, the 
ole ar- 
[ement of 
d- vessels 
nerves 
their re- 
n to the 
5 is pis- 
I and not 
^0 least 
ative of 

themwlvcs will show so to speak, a reproduction ; it is an inmer- 
^blanc?is feet memory. 

“ot run ivvL ^^®.*^ader Once more this means nothing-— indeed, 

.vv.y v^th the idea that the makes nonscnsc-if wc are to brieve that 



^ collection of vertebrate embryos, 

thi development of a singU hpe-left to right, Man, Rabbit, Lizard, 
^ wt, and Dog^h-^the earliest embryos being below and the latest above. Mote that the early stages 
re my like each other, and that the animals diverge as they develop. In the first stage the nerve-Mds 
itt form the iroin. Then the giU<lefts appear. In the land aninuUs these dose later ; 

newt and dogfish feathery gills appear. The human tail and its gradual shortening are 
clearly seen. 
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land animals were created as land animals. 
But it at once becomes pregnant with 
meaning if we accept the fact of Evolution, 
for then we can understand that snakes and 
hens and human beings and all other air- 
breathing vertebrates are fundamentally 
fishlike, Siat they start on the fishward road 
and turn away from it towards their higher 
structural achievement. When they repro- 
duce the old disposition asserts itself ; they 
start towards the old water-way and turn 
aside towards the uplands. Because of that 
recurrent urge each individual animal 
repeats within its individual cycle of life 
these uneffaced tendencies from the remote 
part of its race. In Amphibia the recapitu- 
lation is much more thoroughgoing ; they 
have not only the clefts but the gills, and 
most of them actually do breathe by means 
of gills in their early tadpole stages, and 
physiologically are indeed fish. 

Nearly half a century later, Haeckel, look- 
ing at the facts ^ embryology in the light of 
evolutionary ideas, broadened and reformu- 
lated and perhaps rather exaggerated von 
Baer’s law. Haeckel’s revision was this, 
that every animal in the course of its indi- 
vidual development tends to recapitulate 
the development of the race ; and from 
this time onwards the facts on which the 
law is based have been called the facts 
of recapitulation. But it is a general and 
not a complete recapitulation. Evolution 
can affect every part of a life-cycle, and if a 
stage wastes much time or energy, Nature, 
who is no historian, will abbreviate it or 
cut it out quite ruthlessly. 

Exactly how far Haeckel’s law takes us — 
what are its limitations ; whether recapitu- 
lation ever shows xis an animal’s adult 
ancestors •; whether present development 
ever does more than recapitulate ancestral 
development ; what is the cause of recapitu- 
lation ; and why some of the characters 
^d structures are regularly recapitulated 
in development, others only occasionally 
or not at ^ — all this we cannot here discuss. 
What we are here concerned with are the 
positive, visible facts. Tens of thousands 
of aninials do recapitulate the past during 
their devdopment-Aio, without any appar- 
ent advantage in so doing, show organs 
and constructions which occur elsewhere in 
the adults of less spedalized creatures : and 
in none d* -these tens of thousands of cases 
is this dej^rture intelligible save on the 
view that in so doing 5icy are repeating 
phases that were once final forms in die 
earlier evolution of the race. 

There is probably no single case of 

m 


development among matrjr-'ejdiccj ^ _ 
which dots not show some recapiM . 
feature. Even the orig^ 
produced individuals in a single 
the fertilized egg, in a certain sense reca • 
lates the origin of many-celled fiom • 
celled forms. But there are pleniy of* 
definite examples. Every human beiL 
every other vertebrate at a certain sta* 
his or her devdopment has an unjof 
notochord in place of the future joi” 
backbone, even though in all save** 
lampreys and certain fish this notochord 
vanishes entirely. And the most primi - 
chordate, Amphioxus, has a notot 
all its life long and never develor 
backbone. ^ 

We have already spoken of the ex 
ordinary transformation that overtakes 
young sea-squirt. Here the sedentary 
animal, bearing only faintest indications^f' 
real relationship, passes its early life in 
tadpole-like form which shows all 
salient points of the chordate plan^- 
notochord, the tubular nervous system 
the back, and the gill-slits. If the gelati 
sea-squirt is not a degenerate chordate, 
should its larval form be so entirely chordate 
What creative idea is served by this hesita ’ 
in devdopment ? 

A much less all-pervading example, 
none the less a very pretty one, wc ha 
already cited in the early horse-stock, 
three-toed Merychippus had an elabo 
grinding pattern on its permanent pr “ 
teeth ; but the patHm of the milk-teeth 
simpler, like the pattern of the perra^ 
teeth in geologically earlier and 
primitive horse-ancestors. Here we 
actually put side by side the adult ances 
form and its young descendant recapi 
ing it before passing on to the more ' 
evolved structure. 

A beautiful example of recapitu 
comes in the Ufe-hktory of the co 
feather-star. This is an cchinoderm 
ing to the crinoid class. The great ma 
of the class spend their adult lives roo' 
the bottom ; they are the stalked sea 
which wave their graceful, branching 
far down in the and in the past 
were so abundant as to have built up 
layers of rode with thdr skeletons.^ 
such forms as these the freely s 
feather-stars have #dved. But the 
star, too, bcginf ite^ttlt cxisteni^ 

fixed stage* lei^t^ioSe weeks B 

grows rooted 
Oi^ later 


s like ? = 

l^'^-litondon th“ 

(whick 
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n?. 137. Ancestral reminiscence in the Feather-star's life-history 
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ijom, tk ammal breaks off arid swi^^y /moibW/J aS/**Ta '^{% some lime in 
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and liccoriie a free-creeping feathcr- 

■• ':n)- 

interesting case among plants of the 
•ation of phases of the ancestral lifc- 
iich are now unnecessary is that 
naidenhair tree or ginkgo. This 
rer, with Its leaves like little fans, 
w the wild state, but has been 
tree n.r cultivated as a 

. aked r "'■ewnese temples, 

njia d-seeded plant, related to the 

izailn /Vr’” ^ Other seed-plants, 

lollen-grain “u®"* 

Ed in^lhl 1 already 

'*’wds the rends down a long 

Fri i 7«-“\““.'reddcd in thf 

Iriare 


leiare , , ‘“K*® 

ilI 


are merely mOre or less ordinary nuclei 
which pass down the tube to the ovum: 
but in the giAkgo and the cycads the nuclei, 
assoaatmg themselves with some of the 
surroun^ng protoplasm, become trans- 
tormed into two actively swimming, ciliated 
sperms, like the sjjerms of fern, moss, or 
seaw^, which swim on within the tube 
to fertilize the egg (Fig. na). Thev 
would get there just as surely, we judge from 
Ae higher plants, if they had no cilia, 
•n ,® spenns arc as revealing as the 
^U-shts in our own embryonic neck. They 
mow that once upon a time, a very remote 
tune, the ancestors of seed-plants lived in the 
water, where free-swimming sperms provide 
me natural method of achieving fertitotion. 
And here, long after the pollen-tube had 
r .“ to provide a dry meth^ of 

fertihzation fi>r dry-land plants, the miottu 
character of these transitory spettns survive* 
recall tihe watery past Even in Knae 


book 


THE 






after 


-l l&lei still asj^, 
> to fccapitulatiot 
sperms of 


oodactow 
the cc^edi ... 
lower plants. 

Two final examples we may „ 
one from fish, the other from S 

tecca. Everybody knows what iota 

and plaice anid other flat-fish lookZJ 
and a «rreat many people are 


ntatfl 

dJ 


are atm9 

ftht 
not( 


verttj 
wetlfl 


m 


V ,oR its symmetrical p^t. 

^SkTfi 

of m inch Umi i iht right ^ ^ ^ ^ grown marly 


much more modern plants, like ^ 
flower, though cilia are no longer form , 
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anu a great many peopk ; 
of their peculiarity in having 
their eyes on the one side of 
twisted head and in lying flat, m 
their belly, but on one side, 
opposite side to the eyes. But no 
many know that when they hatch ogM 
of the egg, flat-fish arc symmetric^ 
like other fish, swim about ir " 
ordinary upright position, and iw 
their two eyes on different sides 
their head like any ordinary — 
bratc. It is only after several wc 
that a symmetrical growth distorts u 
head and eyes and the animal gradi 
ally settles down to its sidewa] 
existence. This is natural enough! 
the case of a fish which was once freS 
swimming like other fishes but whiclB 
generation by generation and age* 
age, has taken to life upon the bottn 
but it is fantastic if we suppose 
the plaice and soles were specialj 
created as they arc now. m 
should they not spawn themsd\ 
in miniature ? 

The most startling example 
been reserved to the end. Portui^ 
is the name given to a rcpiji 
parasite found in the 
crustaceans, where it devote 
energies to sucking its hosts • 
and maturing its own repr^ 
cells. In the female sex ep^ 
this creature looks much 1® ^ 
whole animal Am hke a J 
piece of somebody ™ 

it lett the cat ? /JU” 




tw cvHlcnce of *e .foii^; in'^fte: «idb 
LJect I alence for Evolution. But the 
ce of embryology, though indirect, 
r e immediate. You can watch the 
Ldual animal indulge in these amazing 
Lsccixcs, and pass almost before your 
I from ancestral priirutivcncss to adult 
Sernity. All the facts have a simple and 
aiffhtforward meaning if Evolution be a 
•t while a denial of Evolution leaves them 
explained and apparently inexplicable, 
is plainly essential to a parasite like Sac- 
lina that ii should have a free-swimming 
fva, but it is hard to see why that larva 
iuld be built so exactly upon the crustacean 
in if Sacculina has no crustacean ancestry, 
[d a colt, safe in its mother’s womb 


immatuit 9r it$ parait$^ has no sort d 
advantages in prcccdii^ its backbone by a 
notochord or producing and reabsorbing 
gill-arches* Nor is it some mysterious^ 
widespread harmony which requires this 
rhythm of repetition, because Ac amount 
of recapitulation varies wi A Afferent animals 
and Ac story is often blurred and abbre- 
viated. Recapitulation occurs like some- 
thing done under a powcrAl and unavoidable 
inertia of tradition, like something deep 
m Ac nature of living creatures. They 
recapitulate because they reproduce and 
because they have been evolved Arough 
an infinite series of reproductions from 
simpler things. 
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§ I. The Variability of Living TJiings. 
Distribution of Living Things. § 

§ I 

The Variability of Living Things 

T he rocks tell us that the forms of living 
things have changed slowly but steadily 
in the past ; careful comparison of the 
structure and mode of development of 
creatures living to-day is in accordance with 
this fact. We will now open up a new series 
of facts that harmonize and complement 
those that have gone before. If Evolution 
is the form of life’s process, it must still 
rule life. Life must still be evolving to-day. 

Is that so? We do not see striking meta- 
morphoses happening ; Evolution is an 
extremely slow process, its changes in the 
case of the slower-breeding organisms take 
hundreds of thousands of years to accomplish, 
and it would be strange indeed if any 
profound alteration in the form of a living 
thing had occurred in the couple of hundred 
yc|^ during which animals and plants have 
been careftdly and systematically observed. 

To expect rapid changes of this kind is like 
expecting visible movement in the hour-hand 
of a clock. Nevertheless, we can detect 
slight changes in progress, sufficient to 
convince us that Evolution still continues. 

One of the clearest and most striking 
proofs of the plasticity of living things is 
the extraordinary variability they display 
under domestication. Consider, for ex- 
ample, the dog. Here we have an enormous 
assemblage of forms, the extremes differing 
from each other far more strikingly than 
many natural species, ranging in size from 
the St. Bernard and the Great Dane to 
the toy Lapdogs, in proportion of parts from 
the slender-limi^ greyhound to the low- 
hun|^ Dachshund, from the long-nosed 
Golhe to the snuffling Pekinese, and showing 
an enormous variety of colours and coat- 
patterns. Yet they seem to be all of one 
kind ; they recognize each other as like 
creatures, and if the physical disparity 
between them is not too greats fficy breed 
freely together. In a word thcyXare all 
dogs. They show to what an extent\ living 
form may vary. 

aad 


§ 2. What is a Species? § 3, ry 
4. The Evidence Summarujed, ^ 


There are plenty of similar 
among domesticated aimals. CohitS 
for example, a cart-horse, *a ract>hoi^^ 
a Shedand pony ; a carrier-pigeon 
tumbler and a pouter, or the multitudinoii 
fancy breeds of rabbits and guinea-iS 
and mice. And consider also the enonS 
richness of varieties that is found in c\M 
vated plants— in roses or primulas or cereal} 
It is unfortunate from the point of^ 
of evolutionary science that the model 
origin of most of those special domesticatet 
breeds has not been recorded. They are^ 
many cases very ancient. There weA 
domesticated dogs in the Bronze Age ca] 
and lake-dwellings of Central Europe! 
in Egypt there were several distinct bre^ 
including a greyhound, as early as 3000 B.aj 
a dog very like the St Bernard appeanj 
Assyrian bas-reliefs. Nevertheless, it is do] 
that man has been the primary cause ofl 
extraordinary divergence. He has kept a 
bred from those animals which best suit 
his fancy, and he has drowned or starve^ 
or given away the others. So he 
gradually moulded ffic breeds. 

There are plenty of cases in which 
gradual changes have been recorded, 
greyhound of to-day is more slender*l( 
than the greyhound that appears in Egypt 
paintings ; a specialist in hunting hares, 
is smaller and lighter even than his f ‘ 
bethan ancestor, which was sent after 
and all sorts of game. And the bi 
has been modelled about almost like a 
of plasticine. He was bred first for 
special purpose pf bull-baiting^^ 
his short, stocky buitd, which e 
to dodge the swing of the bull’s hoi 
underhung jaw tSiA strong Sy 
method olattack, inSich is to come W y 
the front to Seiax dtO muzzle and hoia^ 
stead of dimciiig in from the rear an 
aJficr the maiMi>ar of tlcerhounds a 
buU-baiting 

j breed was 
"Sieged from a n 
; became 
r breathe throuT 


degant 
ill<^ ' 
a curiOn^ 
iotoa 
ibKtU 
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,, its legs were absurdly bowed and group of animals without finding abundant 
istecl, "liilc its general physique and variations of type. Living tissue is always 


1 rwy 1 • <• — — ^ V* Mavaaaie U0OUV clrlWAVa 

•riorated. To a large extent this groping about in search of improvements, 
the worse was due to selective NaturaUy enough we do not find such ouirJ 

creatures m the wfid as we do in our kennels 
or &rmyai6 dr gardens : we do not Snd 
pu^-dog^ wheezing through the woo^ after 
their prey or ravenous cart-horses scouring 
the plains for grass to build up muscles quite 
unnecessarily large for their own needs. 
These are creatures fitted to man’s special 
r^uirements, for his amusement or for 
his service, and they would be unable to 
survive or breed in a wild state. But we 
find plenty of variations among wild species 
all the same. 




anfifC 

Jm, .'Ithotigh that process was assisted 
suclAiitks as keeping the puppies in 
yes so Iov^ that they could barely stand up, 
'exaggerate the curve of the legs, and 
.ping tliein in harnesses to hollow their 
eks. Recently there has been a reaction 
the other direction, and the bulldog is 
coming less grotesque. Thus, now in 
e direction and now in another, the form 
the breed has been moulded. 

Presumably all of the domesticated 
inials and plants have been derived by 
; selective breeding of wild species, 
le various sorts of domesticated 
jeons have all been evolved from 
; wild rock pigeon Columha livia ; 
d an astonishing diversity in 
nn and Colour of domesticated 
^ns has been produced. But 
!is not true that in all cases 
fc races of a domesticated animal 
Hng from a single wild ancestor. 

; dogs it is probable that more 
liii one ancestral species have been 
folved. There arc several kinds 
wolves and jackals, which will 
jed freely with our dogs, and 
,iiy of these ('an be tamed. It is 
her the rule than the exception 
it the tame dogs of any region 
ry an obvious dash of blood from 
ir local wild kindred. The 
hly civilized countries are excep- 
lal in this respect, for we select 
mould our dogs to an extra- 
pary degrf'(^ and we destroy our 
lys. But from Central Europe, 
pss Asia, and down through 
tea the common dogs of the people show 
lent resemblances to the local unds of 
res and jackals ; and it is the same in 
|nca, for the Eskimo dog is like the 
American wolf and the Hare-Indian 
IS like the coyote. Apparently the 
dogs is ancient and 
Efferent cntangM a number 



species 


species or 
rthat div 


Iplex f ‘ one interbreeding 

ft whethci a domesticated race involve 
many, the essential fact is 
( igencc of form has been 
lthatsiir«k selection of variations 
^ occur in the wild 

hav^hp our tamed or cultivated 

‘^t'ldy intenaivd)r -1^" 


Ible 
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Toy Black-and-Tan Terrier, affording an extreme instance 
of variation within an interbreeding group of animals. 

For example, our common European 
squirrel exists in two varieties, red and 
black. In some remons only one kind is 
found, in others only the other, while in 
the intermediate zone both black and 
red young may appear in a single litter. 
Similarly in the case of the common 
American opossum. Among the usiml 
greys a small proportion of black specimens 
(up to ten per cent in some regions) is 
to be found ; while in other regbns a 
small percentage of cinnamon-coloured 
animals regularly occurs. The valuable fox 
skim are a further example of the same 
thing. The Arctic fox is usually btmm 
in summer, ythite in winter ; but a coU? 
siderable proportion of the 
blimh all die year ioax^» 
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blue fox skins of commerce. The more 
southerly red fox also has, as a comparatively 
rare variety, the silver fox, with black, 
silver-tipped hair, and the less uncommon 
cross fox with a cross mark on the shoulders. 
Member of the different types may be 
found in a single litter. The same holds tor 
the white and grey varieties of some kinds 
of herons. 

Many plants habitually exist m two or 



white below, or wholly dark ; bet^ J 

these two types^ all intermediates 

through dark-waistcoated to b^’oaci-coUajS 
birds and so to narrow collars and 
to no collar at all. « 

Examples of variation in wild animal,! 
and plants might be multiplied ad injinit^ 
And although because of their conspicuo^ 
ness we have confined ourselves here 
colour-varieties, equally marked variatic 
^e found in other poi, 
in shape and size, in tkA 
internal organs, even H 
such invisible physiolo mj 
characters as disease-resJH 
ance or longevity, 
kinds of living things vaS 
the differences arc mcrcl! 
a matter of more or lesj* 
some varying more strit 
ingly than others. 


Upper ^ 

Canine for Nerve to . 

Tooth Qf fnuzzle 


Pivot of Lower 
Jaw 
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^ Pivot of Lower 
Jaw 


Tunnel for nerve to 
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§2 

What is a Speem? 

In the foregoing chapter 
we have made frequent uk_ 
of the accepted classificatioiB 
of living things ; it is 
chart that shows us oufl 
way about the Animal amfl 
Vegetable Kingdoms anfl 
the intermediate zone btf 
tween them. But we ha' 
said nothing about the wa 
in which that chart ha 
been drawn. The clasafi 
cation of living things is 
laborious task ; it involv 
the collection of grej 
numbers of specimens fro* 
all parts of the worl* 
and their careful, indcx< 
accumulation in centn 


Fig. 


Skin or muziic ^ 

140. The skull of a King Charles' Spaniel {below), conlrasUd and compared 

with that of a primitive, wolf-like partah dog {above). involves the fiiU-™* 

Both are drawn from the Uft side and jo the scale. One or labour of collectors and « 

UthelUd correspondingly in the two sknlts to bring out more cUarty how the nose p^ts m * 

of the fancy breed. sshoruned. STgtOufs. It 

three such varieties. The common milk- worA our while as * 

wort {Polygalum) may have white or red at the work ^ ^ way i" 

or br^ht blue flowers, and the comfrey ^ call^, ^ differ fw® 

{Sjmp^tum) is not in the least particular .**"?*. ^?®“^_?^ece of evid'”®' 

whediw it shall be purple or white. other is m itself a ^ng piece 

Besides such sharply marked varieties, • favour of EvoluUom drav® 

between which no blends occur, there may T f"^l^we shall ha' 

be gradual variation leading insensibly “P to’ . corner of 

from one extreme type to another. The in what fo' 

common skua or ja^ '"‘‘Y »haU speak only of amwals m 
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t, ,!,c classification of plants a based 
nrinciples and entails similar 
Tnd wc shall begin with one 
^v' ar 'Toup of animals, the wild dogs. 
• "wild and hunting over almost 
surface of the globe— except- 
\’cw Zealand, Madagascar, the 


at the Poles, and those intensively 


Mnd’surface of the globe^-excej^t- 

5 only 

TzS that'man has made wholly 

" n— there is a tribe of closely related 
the wolves, jackals, and foxes— 
“Logical language, the family CaniiLt. 

appearance of a wild dog, such as a 
f is well known enough. He has a 
sliv tail, erect ears, a pointed muzzle, a 
Ud expression, and sharp, cruel teeth, 
e is lightly built ; the dogs are a family 
swift runners with exceptional powers of 
idurance. In general they arc carnivorous, 

; they kill and devour living prey, and 
Mhe most part they run their prey down 
d do not pounce upon it after the manner 
‘cats. But dogs are by no means particular 
I their diet ; when fresh meat is scarce they 
willing to take invertebrate animals, 
igetable food, or carrion. 

^ow, there arc a number of kinds of wild 
ig; they vary in size, colour, and pro- 
[rtions of the parts, in habits (some 
Inting by night and others by day, some 
‘ ting singly and others in pacli), and 
on. And they have to be classified, 
‘ir popular names — wolf, jackal, fox, 
the like— are unsatisfactory because they 
on the superficial appearance of the 
Uures and do not give any idea of their 
? relationships. It is the business of 
systematist to classify these different 
Is of dogs properly ; he has to examine 
a and note how they resemble and differ 
n each other and give them unambiguous 
ICS which will define as clearly as 
sible their true relationships. How then 
s he proceed ? We can most clearly 
lerstand the process by first giving a 
lewhat idealized account, and then 
^ng some of the difficulties that stand in 
way. 

he unit of biological classification is the 
iM. If we find a number of animals, 
mblmg each other and differing dis- 
1 ^ animab, breeding 

y and fruitfully together and recognizing 
0 her as kin, then those animals con- 
rnm^ In Britain, for example, 

, naon fox is one species and the 


ich 


centunes” 


'vas exterminated a few 

America the 
Ac common fox 


^^arnples of 


separate species. In thb 


manner all the known Canidac arc grouped 
into species. 

Now, just as individuab may be grouped 
into species by considering their resemblances 
and differences, so may the species be 
grouped into assemblies of a higher order. 
There is, for example, a large group of 
species — the wolves and jackals — that are 
obviously very like each other ; there is 
another group — the foxes — ^which abo 
resemble each other, but which differ in a 
number of respects from the members of 
the first. Each of these species-groups b 
called a genus (plural genera). The wolf and 
jackal genus is called Canis and the fox 
genus is called Vulpes, Sometimes a single 
species is so strikingly different from all 
other kinds of dog that it is put in a genus 
by itself ; thus the long-legged, foxy-red 
“ maned wolf ” of Brazil and Paraguay 
constitutes the genus Chrysocyon. Usually, 
however, a genus contains a number of 
species. 

In speaking of animab, the zoologbt finds 
it convenient to give both the generic and 
specific names — very much as, in speaking of 
human individuals, we often give both 
Christian and family names. In order to 
avoid confusion, certain conventions arc 
adopted ; the name of the genus is put 
before the name of the species ; the name of 
the genus is written with a capital letter, that 
of the species with a small letter. Thus the 
common European wolf is called Canis 
lupus y the Indian jackal is Cams aureus, the 
common fox Vulpes vulpes, the long-eared 
fennec fox Vulpes z^rda, the maned wolf 
Chrysocyon jubatus, and so on. 

Carrying the classifying process a step 
farther, we group the genera of dogs together 
to form a fomily, the Canidee, This b bri- 
gaded with a number of other families, with 
cats and bears and hyaenas and weasels and 
scab and a host of others, to form an order, 
the Carnivora ; this, with a number of other 
orders, forms a sub-class, the placental 
mammab, and so on, as we have already seen. 

So much for the ideal. Now for the 
difficulties, 

Wft noted in the last section that the in- 
diviouab composing a species arc never 
exactly like each other. Even in the clearest, 
most sharply defined species the individi^b 
show slight variations in their colour, size, 
instincts, and so on. In the common 
European wolf, Canis lupus, for example, 
animab firom different localities vary in 
length of fur, the coat being thicker in 
northern wolves, and there b a tendency for 
the latter to grow to a larger size than the 
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dividing European wolf into two or 
8pecic&» for the extreme types are connected 
togetto by a grading series of intermediate 
forms, all br^ing freely together. Tlicy 
arc simply variations within the limits of a 
single species. 

But when we take into consideration all the 
wolves in the world, the problem of variation 
becomes more serious. The true wolf ranges 
over the whole of the northern hemisphere 
from the Arctic Circle to south temperate 
latitudes, and apart from such “sports” 
as complete blackness, which may turn up 
anywhere, the characters of wolves vary in 
accordance with the climate of the particular 
? region they inhabit. Northern wolves, for 
example, are on the average larger than the 
southern and have a thicker and whiter coat, 
and in temperate zones the wolves inhabiting 
comparatively dry country are on the whole 
paler in tint than those from districts where 
the rainfall is heavy. And there arc 
variations in build and proportion. Now, 
sometimes these differences are considerable 
enough to make it doubtful whether the forms 
should be grouped in the same species or not. 
There are, for example, the American timber- 
wolf, the pale wolves of North-Western India, 
the small, short-legged Japanese wolf, the 
little red wolf of Texas — these and many 
others, all fairly distinct from the common 
wolf of Europe, but just similar enough to 
leave us in doubt whether they should be 
separated or left together. Confronted with 
this problem, the experts differ among them- 
selves. Some prefer to distinguish these 
various kinds as separate species ; some 
include them all within the species Canis 
lupus and distinguish them, as local races or 
sub-species. Moreover, this variation is 
not a canine p)cculiarity ; the foxes show it, 
too, and, indeed, nearly every wide-ranging 
kind of animal or plant has its local varieties 


w 

> Was 
ifPe leopart 
^ and 


M 




80 fl 


iiite tm 
lion, ^ “ ^ ^ 
othar 




and therefore its problems for the systematist, 

This sort of difficulty is not confined to the 
first step in classification. , It attends also 
the formation of CToups of higher gradp. It 
is often very hard to tell whether speaes are 
sufficiendy like each other to be put in the 
same genus, or whether genera arc sufficiendy 
like each other to be put in the same family. 

It will make the point clearer if we take 
another example, not this time from thc^ well, TScre c*S»(|^|PWy concer 
dogs but from their cousins the cats. At* rf difference 
^is well known, the lion, tiger, leopard, lynx, animals which are TOcy »wch ^ 
and the rest arc all plainly related to the aUkc jhat they ^ 

smaller cats, and until rcccndy dicy have same q)eciei« 
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cats ; aiar mart rtfSdne diininr,- I® 
only the former group can 
the latter can purr (limitafions whid' 
an anatomical basia). Here arises th. 
difference of opimon : Some authoriril;.. 
the two groups sub-genera, while othcRj 
them genera with die names Pantkr, “ 
Felis respectively. Now each of the to 
monly accepted species shows considei^ 
vanation, and here the second diffc 
arises. The tiger, for instance, is bk 
long-haired at the northern end of its n 
sm^ler and short-haired in India, very 
indeed in Sumatra, unusually closely strii 
in Turkestan. Some authorities regard 
various forms as local varieties or 
species of the species tiger and denote 
by adding a third name, the sub-sy,, 
name, to the already elaborate titles-ti 
the Manchurian tiger b Panthera tigris 
piliSy the Sumatran tiger is Panthera ti 
sondaica, and so on. Others, however, 
sidcr that they are distinct enough to 
called so many species, in which case the 
tiger species b made a genus, the diffc] 
kinds becoming Tigris longipilisy 7i^ 
sondaica, and so on. 

These differences of opinion, be it not 
arc not signs of incompetence on the part 
the systematists ; they result from 
nature of the facts, which do not admit of 
gorical classification. It b written that N( 
collected “ every beast after its kind, a 
the cattle after their kind, and every cn 
thing that crccpcth upon the earth ai 
kind, and every fowl after its kind, ever 
of every sort,” and even nowadays 
people share the delusion implicit i 
passage — ^that if we could assemble to 
every individual beast and creeping 
and fowl that live itt the world to-da 
if we could examine and compare 
all, it would be pcMble to group then 
neatness and precision into definite wi 
species. But that i» a myth. Whatna 
said of dogs and cats b true of other a 

•and of ^nts and microscopic crea 
•11 mvinioL fn>erv conceivaWC 
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*cies • some group animals together when- 
Ir there any doubt at all, while others 
i two spi'cimens in separate s^ics almost 
lencver iIk y can see a noticeable difference 
tween iIk iti. In an extreme instance, the 
itish brambles and roses have been classi- 
j as sixty-1 wo species by one authority 
d Is two l^y another of equal eminence. 

For there is no absolute criterion of species, 
feature that will stamp living things 
dnitely as the same or different. It 
;cl to be thought that there was a distinc- 
n between creatures which would breed 
[ether and produce fertile offspring and 
atures which would not ; the former were 
mbers of the same species and the latter 
re not. But in fact there is every con- 
i^ablc stage, in some organism or other, 
ween niiiliial fertility and complete mutual 
dlity. At one extreme the males and 
lales breed freely together, and their off- 
ing are fertile ; in this case they are 
lerally call(‘(l the saime species — mankind 
I serve as an example. At the other 
rcine the male and female do not recog- 
p each other as similar creatures ; a lion 
I a cow will illustrate this. But in 
ween those two extremes there are 
ions links ; there are cases where a male 
I a female are friendly together but show 
desire to breed, cases where they come 
ether but are completely sterile, cases 
ere they produce a few weakly or abnor- 
offspririg, cases where they produce 
py but sterile offspring, cases where 

F ottspring are healthy and fertile but 
F grandchildren are weak and unhealthy, 
re in this senes are we to draw the Une ? 
n ot the graded stages arc sufficiently 
iesT members of the same 

faSnll"' i" °r examples of 

lifferpnt ^ which are considered to 
ire T interbreeding freely in 

led cruJ'- .°r carrion crow and 

greater M inhabit 

i but the' / ^ Northern Europe and 

»on crowt V j fwion crow (or 
•’■Western I’, Eug^nd and 

of Siberi , ^FP® al«> in the eastern 

onli-Easiern\^' flooded crow is found 
^“^P® ana %an thence 


tte to ^ ijividto 

the cjuitaii Itounaaty rum down dbpag!^ 
Sibwa. In ffieae boundary zones the two 
species frequendy breed together and produce 
every possible intermediate stage between the 
c(^l»black carrion crow and the hooded cioW 
with its grey body and black head, wings, and 
tail. A ca^ with st^imens of the two species 
and their intermediates may be seen in the 
Natural History Museum, London. A similar 
example is afforded by the flicker, a common 
North American woodpecker. There arc 
two pcrfectlv distinct kinds of flicker, the 
common ffickcr on the eastern side and the^ 
western flicker on the west ; they differ 
conspicuously in a number of points in their 
coloration. But along a broad zone running 
from British Columbia to Galveston the two 
kinds mix and interbreed freely, and in this 
boundary region every conceivable kind of 
intermediate is found. One could multiply 
similar examples indefinitely ; one more 
must suffice. In East Africa there are two 
species of antelopes of the hartebeest kind 
which, until recently, inhabited different 
districts and also were always perfectly 
distinct in such points as the shape of their 
horns ; but a few years ago they spread to- 
wards each other and began to interbreed — 
presumably some sort of barrier that had been 
keeping them apart broke down—and now 
there arc all sorts of intermediates between 
the two. So that the old fertility-criterion 
of species can no longer be said to work. 

All of this was very perplexing to biologists 
in the days when they believed living things 
to have been created in a fixed number of 
immutable kinds in the garden of Eden. 
The Creator, they thought, had made so 
many different species, and it was the busi- 
ness of the systematist to recognize and iden- 
tify those species and to base his classification 
upon them. The great Linneus, for instance, 
laid down as biological dogma that “ the 
number of species is as many as the different 
forms*^creat^ in the bemnning.’* Even in 
the nineteenth century Cuvier, as Professor 
J. W. Gregory remarks, “believed that 
species arc as distinct as the different makes 
of boots sent out from a factory.** 

But it came to be realized that in many 
peases it was extraordinarily di%uit 
reco^ze absolute distinctions of this sort ; 
to tdl, for example, whether there were 
Sumatran and Manchurian tigers in £4nn 
or whether there was one tiger wh^ 
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Fig. 141. Two freely interbreeding species of crows. 


. . I ;./'# . iUp C/irrinn CroiT. CoTVUS corow, ts aoove on ihe riglu. llu 

The- Hooded Crow, Corous hooded polUrn more or less distinctly. 


them both. The early systematists blamed 
their own incompetence. They believed in 
species, even where they could not recognize 
them, and they spent an enormous amount ot 
time and energy in the quest of universal 
diagnostics of species (such as the test ot 
mutual fertility that we have just discussed) 
and to devising definitions of species which 
would apply to every case. But the nine- 
teenth century saw the passing of the idea o 
separately created “ kinds.” When the fact 
of Evolution was clearly stated and gained 
general acceptance, the confusion and dith- 
culty of systematic work suddenly became 
luminously intelligible. It is precisely what 
one would expect. It is in itself evidence 
that Evolution is taking place. Our ideas 
of species have undergone a change and it is 
important to realize just how profound that 
change has been. 

Wc have already spoken of life, seen ^ a 
whole in time, as a tree ; the vertical height 
of the tree represents the time-dimension, 
and its branches, forking and multiplying 
from a common trunk, represent the vanous 
lines along which living things have evolved, 
diverging and spreading away from some 
conunon ancestral form. The horizontal 
distance between any two twigs represents 




the difference between two races, the de 
to which they have diverged from their ro 
mon stem. Clearly, the spectacle which t 
presents at any particular time— the pnw 
for example— will be represented by a her 
zontal slice through the tree at an appi 
priate level. Now, what would such a si 
reveal ? It would pass through a p 
number of separate twi^ ; they 
appear on the section as circles, and in 
analogy they represent thtMe speae 
are s^rply marked off and 
for example as the so-called M 
of South America. Some would b 
together— if they had J ^ould 

from a common stem— and 
far apart ; the former frf cl<»e^ 
the latter distantly 
here and there our section would pa^t 

an actual fork-it would appear 

or a figure of eight, or two «rcl“ ^ 
ing each other — and di^ 1 

doubtful cases, the Jiorder-lH^c 

case of the tigers, that m^wiA^qV 

be regarded as sevw|d 

a word, the ^^ch otlj 

every sort of rcUitioft . .ljI 

conceivable grade uTfar al 

branching to twip U * 
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that is how living things present themselves 

Note the importance of this idea from^ the 
point of view of the systematist. In ancient, 
pre-Evolution days it was believed that 
Uving things had been created in definite 
“ kinds ** according to divine, but never- 
theless presumably intelligible plan. It wm 
our business in classifying living things to 
detect that plan ; one started by a^umng 
that species existed and then tried to find out 
what they were. Nowadays, on the other 
hand, we know that living things are a slice 

through a tree, showing every imaginable 
degree of cousinship, and not falling tidily 
and infallibly into “ kinds.” We know that 
their forms are not constant but changing. 
And in classifying this assembly, in trying 
to reduce it to some sort of order and describe 
it in unambiguous terms, we may choose what 
conventions we please. Phylum, class, order, 
family, genus, species, variety— these are 
words used by general consent to denote the 
degree of relatedness between forms ; they are 
not clearly and categorically distinct from 
each other, but merge together, arbitrary 
divisions of what is really a continuous series. 

It is like saying of our tree-section : It two 
twigs arc over an inch apart we will put them 
in Afferent families ; if they are over two 
inches apart in different ordere ; if they arc 
over three inches apart in different classes. 
And a species, in particular, is no longer a 
unit created by God, nor is it a natural um 
at all like an atom, or a quantum ; it w an 
arbitrarily defined grouping set up by Man 
for his own convenience. , . r 

From time to time many dcfimtions ot 
species have been put forward, tested and re- 
jected. One only is unassailable. It was 
proposed by Dr. Tate Regan at a recent 
meeting of the British Association, it 
runs : “ A species is a group of animals that has 
been defined as a species by a competent systemaM, 
Taken in conjunction with what we have 
said that definition is perfectly sound. It 
brings out two essential points— first, that 
a species is an arbitrary convenience ; 
second, that an enormous amount of 
huge numbers of specimens is necessary before 
a judgment of any value can be reached on a 
question of classification. 

§ 3 . 

7Tte Distribution of Living Things 

if Everybody knows that different animals 
come from different countries— the platypus 
from Australia and Tasmania, the zebra 
from Africa, the marmoset from South 


America, the musk ox frcan CS^idand ai 
Arctic Canada, and so on ; the same 
of course, true for plants. But it (j 
always grasped that different regions 
in respect of whole grouM of their aniq^l 
and plant inhabitants. Contrast the diS 
southern continents : Africa south of 
Sahara (that sea of sand which is as muX 
a barrier to life as any sea of water), 
America, and Austr^ia. All comprise 
temperate and tropical regions ; all 
their mountains, forests, and open plaiiS 
But their animal populations are extre^X 
unlike. If, for the sake of brevity, we res tX 
ourselves to the mamm^ population, wf fij 
that Africa is characterize by an abun daiX 
of antelopes of many kinds, by rhinoccroX 
giraffes, elephants, wart-hogs, zebras, Ik 
leopards, baboons, and buffaloes, and, m 
rain-forests, by gorillas and chimpanziX 
okapi and many kinds of monkeys. FarM 
south the coneys or hyraxes and the 
ordinary aard-varks are very characterisi 
The whole giraffe family, with both girai 
and okapi, is found in no other region, nor 
the aard-vark family. 

Just as characteristic as the presences 
the absences. There are no deer, no beav(_ 
no field-mice or voles, no shrews, no bcaifl 
and scarcely any goats or sheep (we are, ■ 
course, speaking only of animals found v/M 
Contrast this assemblage of mammakwij 
that found in South America. Here m 
llamas and their relatives, edentates like ■ 
sloths, the true ant-eatere and the armadiM 
primitive monkeys with prehensile 
vampire bats, peccaries, tapirs, guinea-pi^ 
vizcachas and agoutis, opossums. None 
these occur in Africa ; and 
either wholly restricteti to South AmciJ 
or at the most penettate _a 
Central or North America, fhe wi 
order of the true edentates is confined 

inK &ands of Tannama and New o* 
Kr. p«ulU. rtU. Bdbr. the^ J 

white men, it with* 

placenml 


placeniai _ c 

exception of batt^ • wfiosc g » ^ X 
give'them feemties for^ 


give them tacmucs ror . "itoitfi 


couni 

Aus^^ r,— V 

alas, rapioly 
in danger w 
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144. Some extinct South American Mammals of the later Cenozoic Period (V), as they probably 

looked when alive, 

fl : Mocnmheom one f the Lilopi^. Unlike most of its relatives, which took to a horse-like life, Ms animal 
ilhmd tdl, and Orobably browsed on the branches of trees. Top centre : Megatherium, MCitM Ground 
k ma nrr rbrely resembled the extsting sloths in its anatomy, but lived on the ground and must hove weighed 
m. lop jlil : Toxodon, a large herbivore of a tmque {^. Bottom right ; Pyrotherium, represerUative 
thn adameh South American group of herbivores. Bottom left ; A form of Glebtodonl. 


L t T V I 7 — . vj u unitfug! bjfiK, oviwm ngfii : ryrothertunin ret 

ikr exclifuvely South American group of herbimres. Bottom left : A form of Gl^todonl, very simU^Tn 

w r iT all tn OM piece, and a knob of heavy sp^ on the e^ of its UtiL 

whuh It doubtless used as a club. Lower right-hand comer : Outline of a collie do^ to give the scaU, ^ 


sub-classes of mammals, the pouched 
jpials and the egg-laying monotremes. 
point of fart, no egg-la>ing mammals 
outside this area, and no marsupials, 
it the American group of opossums, and 
urious little creature called Coenolestes, 
teeth in some ways recalling those of 
iroos, from South America. All the 
re Ausiralian—kangaroos and wallabys, 
ses and phalangers, wombats and bandi- 
marsupial wolf and Tasmanian devil, 
jed ant-eaters and pouched moles and 
1 some forty genera, with 
cds of species. Add to this the Platypus 
confreres, the spiny ant- 
’ ‘ you have indeed a strange zoo. 

^ supp^, and 
s and “^ 4 " aaumed, that each 

“W 1^1' But ^ 

>bviousiv ^ demonstrably 

0 native nv Zealand 

possiblv a bat or two 

^ts for ' thrive and multiply# 
instance, have ruh 


large areas, and red deer introduced from 
Scotland have not only thriven, but have 
grown much larger than they ever do in their 
native land. Then the house-sparrow has 
spread and the starling is spreading over the 
whole of North America, in spite of the com- 
petition of the hundreds of kinds of native 
birds. The few horses introduced by the 
Spanish conquerors of South America multi- 
plied and ran wild in huge herds over the 
p^pas. Far from the native Austx^an 
birds and animals being especially well 
adapted to Australian conditions, they arc 
no match for the species that have been 
introduced from other regions. The mere 
mention of rabbits will make an Australian 
farmer cross. And when we come to plants 
we find that one of the gravest problems of 
apiculture in various countries, notably 
New Zealand and Australia, is to pievtnt 
introduced species like thei prickly aixl 
blackbeny mom overrunning the cbuntiv 
and ousting not only the native plants, but 
man and his agricultural c^orts as Wlh 
Why dien ate whole 
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animals tied down to limited regions of the 
world? What meaning is there in the 
restriction of the giraffe family to Mnca, the 
whole of the edentate order of sloths and 
armadillos and ant-eaters to Southern 
America, all the monotreme sub-da^ and 
almost all the marsupials to Australia . 

The answer is to be found in the past, in 
the history of evolving life in relation to the 
history of the seas and continents. Through 
fossils we are able to discover not only the past 
development of existing groups, but dso their 
past distribution in each epoch. Geology, 
on the other hand, can tell us a great deal 
about the extent of the sea and land in past 
periods. It can do this by studying where m 
each epoch marine deposits were laid down, 
where there were deserts, or evaporating 
inland seas which produced beds of salt, 
where the invading ocean had carved 
beaches, where ice-sheets had passed or 
mountain-ranges had been elevated. 
Through such evidence, geology is able to 
say definitely that the present distribution 
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of land and water is in no way pt rmanM 
In the past, the main land-ma^ the woii 
have been connected and disjoined in jw 
other ways ; and geolo^ can often teO 
just when and where the connections an( 
partings were made, and what was the d® 
tribution of seas and continents during j 
particular geological period. , 

Animals such as land-mammals can anddd 
migrate slowly until spread over ^ 

whole of a land-mass. But there are barrietj 
which they cannot cross. The sea is tij, 
most formidable of such barriers, ice*shcct 
are another, and broad deserts may be ncaiii 
as bad. Thus, the distribution of any grom 
of land-animals will depend upon tlnj 
factors — first, upon the region where th 
group happened to originate ; second, upoi 
the connections which this region then am 
later happened to have with other land 
masses ; and third, upon the fate of tb 
group in the different regioas to which i 
obtained access. 

If mammals first evolved after New Zca 
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heirs) ; (one of the snuSlest and mostprsnntm of New ^U^^). ^ ,n 

(a which has spread from South Amerua to ^ sout^ * 

mnot carried about in the pouch, but anchored bjrlhetr tails to the laU tf thotr ; 
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had 1>' ^ n cut off by a barrier of ocean 
all th'- - ontinents, we should not expect 
ftnd any Innd-mamm^ in New Zealand, 
lung.fish were once widely distributed all 
the \^orld, but later were all but 
Lguished in the struggle for existence, we 
Lid expc( ( to find the few existing lung- 
scattered in isolated regions which 
ppened to favour their survival ; it is 
,ng such lines that our reasoning must 

The key to the present distribution lies in 
distribution. When palaeontology and 
plogy arc able to provide us with evidence, 
^distribution of animals and plants ceases 
ibe a puzzle and becomes a simple matter of 
111 the same 


Itory. . - 

ly the distribution ot 
[man races, often so 
[zzling at first sight, 
lars up directly 
know the history 
ihrir irioveinents. 

’ Mongol Turks in 
.1 Minor, or the 
„ -haired Lombards 
Northern Italy, are 
first sight anoma- 
5 ; but with a 
Dwledge of their 
grations, the prob- 
1 disappears. The 
ly difference with 
imals and plants is 
It the periods of 
le involved are so 
ge that Iransforma- 
n as well as mere 
jralion of stocks 
nes into play. 

Vith these ideas in 
td, we can turn 
“k to the three 
ithern continents 
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though mostly even more primitive in type, 
and occurred all over Europe and North 
America. All of them, however, were 
very sniall, and they showed little variety 
in their ways of life. Some time in the 
Cretaceous (IV C) these primitive marsupial 
and monotreme mammals penetrated mto 
Australia ; the land-connection between it 
and the rest of the world was broken, before 
any placentals could enter. Australia thus 
became the marsupial’s Ark — ^with the 
important difference that they did not stay 
merely a year and ten days in it like the 
animals in Noah’s Ark, but over fifty million 
years. Indeed, it was to them like a com- 
bination of Ark and Promised Land. For 



Fig. 146. How the Marsupials colonized Australia. 

The ftrobabU distribution of land and sea about halfway through the Cretaceous Period 
{IV C). In the shallow seas exUnding over what are now Western America and 
much of Europe, chalk was being deposited. Not only was the main block of North 
America connected with Europe, but the Cretaceous marsupials were able to pass across 
from the Eurasiatie land-mass to Australia, This land-bridge was soon afterwards 
broken, and Australia isolated. {Modified from Sehuehert.) 


1 their three wholly different sets of animal 
abitains. First comes Australia and its 
tsupial menagerie. During most of the late 
wzoic Era (IV), Australia was connected 
b the rest of the world. Whether there 

In “ many are 
‘ ned to believe, to Antarctica and thence 

ccneTil!" ^ whether, as 

at . formed a part of a 

iennn which was later 

p, We must leave to the geologists to 

m tham “ Material to us. We 

th beforr?!^ appear on 

"^thn 1- later Cretaceous (IV C), 

uionotremcs and to marsupials, 


during that long time they flourished and 
were able to give rise to new and varied 
forms of life not found in any other region 
of the world. These possibilities of the 
pouched mammal were never realized else- 
where, since in all other regions the mar- 
supials were kept from rising or exterminated 
by the competition of the placental hordes, 
biologically more efficient in the protection 
of their unborn young and in the construction 
of their brains. 

Now that modern man has introduced 
placentals into Australia, the marsupials are 
no match for them, and arc dying out. The 
development of the varied marsupial life of 
Australia was due to biological Protection. 
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CJompcting imports were barred. Home 
industries flourished, but their products never 
came up to those resulting from a more 
rigorous competition. 

South America, on the other hand, was 
open to the North in early Eocene times 
(V A i), but only for a short time. This 
Allowed representatives of some, but not all, 
of the early placental mammals to enter, 
and the connection was then broken, not to 
be re-established till the close of the Miocene 
(V C 3), perhaps thirty million years later. 
Thus the inhabitants of South America, like 
those of Australia, were for long preserved 
from the full stress of competition ; the 
difference lying in the fact that it was not 
marsupials, but early and primitive placen- 
tals, which there found an Ark. 

Similar results followed in both regions — 
the development of creatures elsewhere un- 
known, the flowering denied to primitive 
types in more strenuous regions. 

The chief factor contributing to this local 
evolution of South American types was the 
total absence of carnivores and of true 
ungulates. The only flesh-eating mammals 
were primitive marsupial types, all now 
extinct. The absence of more specialized 
beasts of prey permitted a great number of 
sluggish, large, and inoffensive creatures to 
come into existence, such as armadillos and 
their allies, sloths, big rodents like the tree- 
porcupines and vizcachas, opossums, and 
ant-eaters ; while the absence of those best- 
developed of herbivorous running machines, 
the true ungulates, permitted other stocks 
more or less adequately to fill the gap thus 
left in life’s economy. 

We have already mentioned the remark- 
able if slightly inferior imitation of horse- 
evolution achieved by what we may call the 
pseudo-horses, the Litoptema. Among other 
remarkable ungulates not found elsewhere 
were the ponderous Toxodonts, with their 
peculiar incisor teethi many of them out- 
doing the rhinoceros in bulk ; the equally 
ponderous Typotheres, with almost rodent- 
like chisel-edged front teeth ; other great 
herbivores with toes retractile like a cat’s ; 
the Astrapothercs, with two pairs of enor- 
mous tusks like exaggerated boar’s tusks, and 
very stumpy limbs and neck. Finally, we 
have the extraordinary Pyrotheres, which 
not only grew as large as elephants, but 
paraUeled certain features of the elephant 
stock in their huge teeth and their projecting 
tusks ; they were unlike all other mammals 
in having the fore-arm and lower leg dis- 
proportionately short, scarcely more than 
half the length of the upper part of the limb, 
si 40 






which must have given them a Very irrotes 
appearance. ^ ^ 

These were all flourishmg, with 
other groups such as the slow and a ^ 
dillos, when in the late Miocene (y^ 
the corridor was again opened to the no^ 
It let in dogs and foxes, cats great and sm 
sabre-tooths, tigers, and bears, together u 
horses and deer, peccaries and llamas 1 
and squirrels. ' 

From this time on there was competiti ’ 
between the two sets of animals, the oW ^ 
the new. The old types were not beatciT 
once, for many of them did not attain i * 
maximum size or abundance until kte 
But the final result was decisive, and tl 
great majority of them perished whollvfiY« 
the face of the earth. ^ ^ 

It is interesting to remember that it ^ 
perhaps the South American fossils wliiS 
first turned Darwin’s thoughts to the ideatJ 
Evolution. When he was going round thl 
world on the Beagle^ and occupying himj " 
with everything from coral islands to l 
problems of structural geology and from tl 
habits of savages to the structure of extinc 
animals, he excavated a number 
abundant fossils found in the widc-spreadi 
Pleistocene beds of the South America 
pampas. i 

Among the skeletons there preserved a 
those of such remarkable creatures as t 
gigantic Megatherium— bulky as an elephant 
— whose construction made it able to | 
down the branches of trees to browse on, a 
the eight-foot Glyptodon, a veritable ani 
tank, protected by a dome-shaped cuira 
of heavy bone. As soon as their structure ij 
examined it becomes obvious that 
Megatherium was a sloth adapted to grom 
life, and that the Glyptodon was simply ^ 
giant armadillo which could not roll up. 

What struck Darwin’s imagination was 
fact that, while these and other foss 
belonged to the characteristically. Soul! 
American group of edentates, they wrt 
different from any living edentate. Rti 
edentates had from of old been confined f 
South America and there had been able I 
evolve into many different types, soracf 
which were extinguished to leave tbcir b 
as fossils, the fiictS wmAl be understand 
Otherwise the existence of fossils simn 1 
all general poiutSi but dissimilar in ac f 
the living animab* and the fact that 
found in one the world a 

only, beemae very to unders^; 

About die i 

known to 
was 
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not face tho cold of southern seas. As a 
result, no fewer than six hundred cases are 
r of pairs of iish-species h:om the coasts 
of Panpna, one member of each pair from 
Its Pacific, the other from its Atlantic shores, 
the two closely related, but different in some 
tnVial but constant character. Original 
identity explains the similarities ; inde- 
pendent evolution for some twenty million- 
years has produced the differences. 

Another example, very similar in its watery 
way to the case of the Australian land-masses, 
IS provided by Lake Baikal, the great, 
isolated sheet of fresh water that lies in 
Southern Siberia. Since it was formed, 
possibly in the Mesozoic Era (IV), certainly 
before the earlier part of the Cenozoic (V), 
it has bepn without any close connection with 


1 janu >n had been collecting and 
dvinR fossih of Australian caves and 
(•cia bf i dating tom the Pleistocene 
. and these creatures, often now 
olly’extiii' b all revealed in their structure 
t they b longed to the marsupials, and 
y to those groups of marsupials still living 
Australi^i/ We may mention here the 
ylacoleo, as big as a leopard, which is a 
danger adapted to a flesh diet ; and the 
antic Diprotodon, almost as large as the 
gatheriuni, which was closely akin to the 
igaroos, though far too big to hop. Clearly 
fiicts arc parallel to those which im- 
ssed Danvin on the pampas. The mar- 
ial stock which we find in Australia 
lay (V F) must have been there for long 
iods, and it has evolved and changed its 
^position since Pleistocene (V E) 
es. 

tfrica is characterized by no such 
nitivc types of animals as either 
ith America or Australia. It 
ns to have been cut off from the 
n centres of mammalian evolution 
the Sahara for a long time. It 
dved its first land-mammals in the 
gocenc (V B), after marsupials 
r the first clumsy Eocene (V A) 

Sentals had disappeared from Asia 
liurope. After this first irruption 
way was again closed, to open 
in (probably on the eastern side 
the Sahara, across to Asia by 
,bia and Syria) only in the Pliocene 
D). The second and larger irrup- 
1 which then followed gave Africa 
bulk of its existing animal types ; 
e then there has been evolution in 
}y details, but no great changes. 

* door was then again closed, 
t most left ajar, so that Africa thus became 

I w u ^ sample of the Pliocene 
[World mammals. Some, like deer and 
s, had failed to find the door before it 
again, ari^d there arc none of them in 
but the rest throve and multipHed 

advantage of similar opportunities were 
tbeir conecners^ I ^ hardly absent in it from the start. As a result, other 

1. ^ stayed in the types, which elsewhere remain monotonous 

!t as stretrhf Q i feebly developed, have here blossomed 

terrestrial ^ barriers to out in extraordinary variety and fill the most 

^ar the important places in the economy of the lake, 

te waters. ^Thp*^^ ^ the inhabitants This is so with certain Irinds of fish, but 
^ae times (V n\ prc-emincnUy so with a particular crustacean 

^^arna and ^^'cated the Isthmus family, the Gammarids. To this bdmgs the 
^^Americs nnt famiUar sand-hopper which swarms undesr 

the ma r irip t t»oist scawccd on our sandy bcachcsi 

' » Soodly number of other typ^, 

cen those whiefa at well m marine. df ; 



Fig. 147. Diprotodon, the extinct giant wombat^ from the 
Pleistocene {V E) of Australia, as it probably appeared 
in life. 

Like so mmy large animals in different parts of the world, tHs 
creature died out aurinr - — " * • * ■ 


ring the last Ice Age. 
give the . 


Inset, a small spaniel, to 


any other large body of water, fresh or salt. 
The huge lake, over four hundred nulcs 
long and in some places nearly five ^pusand 
feet deep, holds out the most varied %por- 
tunities to water-living animals ; but most 
of the kinds of animals which elsmhere take 
advant^e of similar opportunities were 
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this group were in Baikal from its begin- 
nings. Finding there what was denied 
them in all other parts of the world, a large 
and friendly home where there was no com- 
petition from more developed crustacean 
types, such as crayfish and crabs, and shrimps 
and prawns, they have done their best to 
take the place of higher Crustacea. In this 
single sheet of water they have evolved into 
over three hundred different species — more 
than as many as are to be found in all the rest 
of the world — and many of them belonging 
to purely Baikalian genera. They have 
launched out into the most varied occupa- 
tions. There are deep-water Gammarids, 
blind but with long feelers to compensate for 
the loss of sight, living at three hundred 
fathoms ; there are Gammarids which swim 
all their life in the open water deep below 
the surface, and are transparent as any jelly- 
fish ; there are large shore-living Gam- 
marids, four inches long — sand-hoppers doing 
their best to be lobsters ; and so on. Here 
again, freedom from competition has allowed 
the surprising evolution of a group which 
elsewhere has had to keep its potentialities 
locked up, unrealized. 

Isolation of a piece of land or a body of 
water from the rest of the world always per- 
mits its animal and plant inhabitants to 
evolve along their own peculiar lines. This 
is not only true for large groups, like the sand- 
hoppers in Baikal or the marsupials in Aus- 
tralia, but also for genera and species and 
varieties. We shall have more to say on this 
subject when we come to discuss the machin- 
ery of Evolution. Here we will content 
ourselves with but two examples, one of 
which, however, is of considerable historical 
interest. Those who are interested in the 
subject can pursue it in Wallace’s famous 
book Island Life. 

If a find of fossil animals on a large con- 
tinent first put Evolution as a seed of thought 
into the fertile soil of Darwin’s mind, the 
germination of that seed was brought about 
by a problem of present-day distribution 
on an isolated archipelago. The Beagle 
visited the Galapagos Archipelago, a collec- 
tion of some fifteen volcanic islands, separated 
from each other by distances ranging from a 
mile or so up to nearly one hundred miles, 
lying on the equator in the Pacific. The 
nearest mainland is the west coast of South 
America, sbe hundred miles away. The 
account Darwin gave of them has been 
, supplemented, though not supplanted, by 
Dr. Beebe’s beautifully illustrated tmk, 
Galapagos, These islands, as Darwin pointed 
out, resemble the Cape Verde Archipelago, 
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off the African coast, in soil, climate ^ 
and size of the island. In a woiid 2 
ately planned and created they would 
populated by the same kinds of creat 1 
what suits one suits the other. Bat thev^* 
not. Their animal and plant inhabil! 
are totally different. The inhabitants oSI 
Gape Verde Islands are related to those^ 
Africa, those of the Galapagos to those ^ 
America. On the Galapagos “ there 
twenty-six land-birds ; ot these twenty.0^ 
or perhaps twenty-three, arc ranked as i 
trict species, and would commonly 1 
assumed [when Darwin published^ tL 
passage, in 1 859 !] to have been here creatSl 
yet the close affinity of most of these sp( * 
to American species is manifested in ^ 
character, in their habits, gestures, and tu, 
of voice ” — and so with the other animals ai 
plants of both archipelagos— they are clos 
related to, though often slightly difFen 
from, those of the nearest mainland. 

Thus, here wc have the same fact, o 
difference in species but resemblance i 
general type, which emerged from the foss 
of the other side of the South American ci 
tinent, only now the differences and m 
blances concern two sets of creatures sepa 
ated in space instead of in time. 

Such facts at once receive an explan# 
in terms of Evolution. Chance irami 
tion of storm-pressed birds, wind-blown se 
tortoises or their eggs drifted in logs or b 
wood, would people the archipelago f 
the continent ; this, followed by 
evolution in the new and isolated 
would account both for the resemblances ai 
the differences between the inhabitants! 
the archipelago and those of the neighb^ 
ing mainland. But in terms of the Creatir 
ist view, there is no explanation. 

As our second example we choose^ 
Helena. St. Helena is perhaps the i 
isolated spot on the globe, the most insu' 
all islands. Well over half of its tws hui 
species of insects arc to be found in no 
region, and three-quarters of its thirty sp 
and four-fifths of its flowering 1 

boasts no mammals, no land-bir^il 
reptiles, no amphibia, no J 

and no fresh-water plants. In other 
animals and plants have cither who 
to reach this water-girt speck 01 an r 
if they have succccdca, have usua y 
and changed into something ^ 

But it is not only^thc living 
arc present in a giVen 
testimony tp oflTcr us. The a J 
be as significant u 
silence may ipmetimw ^ ^ 
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o this score the Galapagos and onl|r one knd-animal-a rat, which may 


Helen-i and other oceanic islands— 
inds, th. f is to say, of volcanic origin, 
lich are s parated by many miles of deep 
ter from Ho continents, and apparently 
never had any connection With the 
linland'- Have much to tell us. 

[f different animals 
j-e created and placed 
the countries best 
ted to them, why is it 
It oceanic islands never 
pess more than 
Tinkling of land- 
imals and birds and 
ivering plants, and 
?er any amphibians or 
id-mammals (ex- 
it sometimes the 
^readily trans- 
hable mice)? 
is emphatically 
[ because such 
pals are un- 
|fd to life on 
^ds, for rabbits 
I goats, cats and 
thrive well 
igh when intro- 
:d, and often so 
h too well that 
become a pest, 
ut if the distri- 
on of living 
gs is the result 
evolution and 
htiori, the reason is 
It will never be 
for such isolated 
kes of earth to be 
nized by life at all ; 

those forms with 
irkable powers of 
inmation by air or 
J" will reach them. 

;*mammals and am- 

tans have notoriously 

powers of dispersal ; 



^^.148. The regions inhabited by 
Tapirs are shown stippled. Four 

,nor ifi Malavn jt-. 


— »»»**w* Aiiav 

very likely have been introduced by the 
Maoris. It is separated from the rest of 
the continents by such distances, and has 
been separated for so long a time, that its 
animal population, at the time of its dis- 
covery, was in most ways like that of a real 
mid-ocean volcano. Yet 
all the time it was most 
admirably suited to sup- 
port those very forms of 
life which it lacked. The 
zeal of its acclimatization 
societies has stocked it 
with all kinds of Euro- 
pean birds and animals 
and plants, many of 
which have found 
the country so 
much to their lik- 
ing that they have 
become most abun- 
dant nuisances. 

Finally, we have 
a third set of facts, 
the facts of discon- 
tinuous distribu- 
tion, when almost 
identical animals 
are found only in 
two or three widely 
separate regions of 
the world’s surface. 
Why in the name 
of all that is reason- 
able arc tapirs 
found only in South 
America and Malaya ? 
Why is one branch of 
the camel family, the 
camels themselves, found 
only in Asia and North 
Africa, while the other, 
the llamas and their kin, 
grows only in South 
America ? Why arc the 
lung-fish found only in 
Australia, tropical South 
America, and tropical 
Africa ? Here geology 
solves our riddle. The 
discontinuity did not 
always exist : the type 


*AeranlTeSn[ . ^hat is the reason for'this 

intheirijf i!^ undo separation? 

^ can Joo^fathom lint is indicattd as well as the 

F nn fU he coast'line.) 

ine wind liW#. r * airrnya cAisi i me rypi 

> resist salt water Uk?S^.iy widespread, but to-day has been^ 

some higher nlanJ ^ ^ ^ terminated save in a few patches. Lung-fish 

' reasoning aDSi« m t ““t abundant of ashes in’ 

Zealand* is nnf Pevoman (III D) and Carboniferous (III E) 

jfanic islands, but it inrliiH times, and were then spread over the whole 

and, apart from £ wh^iT V*® ““PcAtion of later,<volved and 

H rom bats which c«i more cBiacnt hsh extinguished almMt all of 

««43 
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them, and only three representatives have 
managed to survive, in three patches of 
tixmical freshwater. 

The camels can be 
traced back to the Eocene 
(V A) . Their remains are 
found at first only in 
North America. Thence, 
during the Miocene and 
Pliocene (V C and D), 
they spread across two 
newly-emerged land- 
bridges both southwards 
into South America and 
westwards to Asia. 

The two emigrant 
stocks went their 
own evolutionary 
ways to what we 
sec to-day, while 
in their original 
home the family 
was abruptly ex- 
tinguished in 
Pleistocene times 
(V E). Finally, 
the tapirs too, like 
the lung-fish, were 
once widely 
spread. They are 
known as fossils 
from various 
Cenozoic (V) beds 
in both North 
America, Europe, and 
Asia. Doubtless they early 
penetrated into India and 
Malaya, and invaded 
South America by the 
Miocene (VC) land- 
bridge from the north. 

They have been reduced 
to their present distribu- 
tion simply by extinction 
in the regions between. 

Discontinuous distribu- 
tion ; the predominance 
of different groups of 
animals in different con- 
tinents ; the existence of 
unique species on remote 
islands; the total absence ' 
of many creatures from 
countries where they are 
able to thrive and multiply 
■ when introduced— these 
and many other facts of dis- 
tribution are concordant, 




I® MioceneTC. ^PIeistocene 7 l\ 
g Pliocene V Q. E 3 RecentVF, 



the earth^s surface was mad^ by a CreahJ 
one is forced to admit not inereK that 
facts are U^u iligiy ' 

even mcanuigl,ss, but fl 

the assignment was 
definitely unt'ortutab 

KvolutioBi** 

the chaos becomes c 
the mob of facts 1 
a marshalled army i 
together in mmplete, 
sistenCT by that dom 
ing idea. 

The perplexities andai 

parent parat 
of .geopaphia 
distribution at 
tenuate am 
vanish in theli^ 
of two chief piii 
ciples of inter 
tation ; the p 
ciple that conne 
isolation iivit| 
di vergencej 
type, 

principle of loo 
ing in the pastlli 
the explanation! 
the present, 
principles i 
upon the cono 
of Evolution i 
their basis. Will 
out that basis we i 
have to relinquish all hop 
of rationalizing animal ai 
plant distribution, j 
we should have to givc ij 
all hopes of rational 
recapitulation, or vcsl 
organs, and to aban 
the possibility of a s 
of comparative anato 


Fig. 149. The present distribtUkn 
of the Camel family explained fy thesr 
past. 

Remains of ancestral camels qf Mioeent Age 
( V C) and earlur are found in North AnurieOf 
In the Pliocene ( V D) they are found also ifci 
the Old World, By the early Pkistoeene {V Sj 
the famly is known from most qf ths warn* 
widespread extinction in the late Phnsteeniie 
left the Llama branch in South Amerieeu^'^ 
true CamBs in Central Asia and North Afikfi 
(Oulline of land-masses shown at the tpet^ 
fathom tins.) . 


§4 

Tkt Evidence Snt 
We have now pas 

brief review a snw 
tion of each of th* ® 
kinds of evide^ 

Evolution, w 
found that the 
eaith’s crust m*** i 

tfflry can be 


ipuaon are concoraam. sao*! 

If the assignment of different kinds and vdudi, , Jm hisW 

groups of animab to different rqpons of - 
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ns, 


the evidence 

yjfiti knowledge _ as de^te' as any 


‘•‘1 he oi tains, though it refers to epochs 
’ ijreil thousand times as remote. The 


lun 


sils dait ^* by the rocks, the actual 

life''' 

ba<K 


rv of changes. The story docs 

^ ^ to life*s first beginnings, 


t go 

PS it covrr 


^ , nor 

. all kinds of living things ; 
t for th( latter half of life’s existence, 
d for the most elaborate and interesting 
life’s children, it is reasonably complete, 
id the story the fossils reveal is one of 
ady evolution, of progressive change, of 
iltiplicatioii and divergence of forms of 
, J extinction of one type and its replacc- 
by another. The fossils are the re- 
lins of cr eatures other than those of to-day, 
lich once were alive, living a different 
id of life in different surroundings. They 
itify to the past of animal and plant 
; in the same direct way as do the mum- 
ies of the Pharaohs, or the baked-clay 
11s and receipts of pre-historic Babylon, or 
e slaughtered retinue of the King of Ur, 
the past existence of human beings who 
d very difTercnt lives from ours ; they 
Itify to the evolution of life as directly as 
I the discoveries of archaeology to the 
olulion of human culture. 

Then there are the indirect evidences, 
tiere are lh(‘ similarities of general plan 
liich arc not to be accounted for save by 
t descent fronr a common ancestor of 
1 the animals showing the plan. The 
pilarity of plan implies common descent ; 
1 differences in detail imply descent 
th modification. There are the useless 
sliges which yet correspond rigorously with 
(ans that arc indispensable in other 
bals, inexplicable if their possessor be not 
Jccnded from some ancestor in which the 
w useless organ had its use. There are 
; extraordinary phases of the individual’s 
i^elopmcnt in which it passes from one 
ange likeness to another '-“likenesses to 
ler creatures, often remote and primitive, 
'vhich the adult animal no longer betrays 
^resemblance, whether in man or m 
f .These resemblances arc mean- 
ness, and, indeed, deceptive, if they arc 
■ recapitulations of ancestral phases in 
ini c continued for long 

aturpf though our modem 

ts own through them on its way 
I II ""7 different adult life, 
arv of In inexplicable on any 

raiion^r!'’. ,Sav€ EvolutioiJ 

aput foL them haa ever 

* not onk ' the evtd^tioiiary 
.eaning"'' «pUcable, 


FROM LIVING Things 

We ^ewed the evidence from life’s 
variability. If we laid more emphasis upon 
it than has ofren been done in the past» 
this is because the evidence from variability, 
like that from fossils, has of recent years 
increased mormously, both in account and 
still more in cogcr^. Now that a number 
of groups like birds and manunals and 
butterflies have had their minutest varieties 
classifled and the details of their distribution 
tabulated, the old idea that species are the 
most real and definite units of life, or even 
that they are real and definite units at 
all, sharply marked off* from other kinds 
of uruts, has gone by the board. There 
do exist some sharply circumscribed species- 
units ; but other such 
units intergradc or inter- 
breed with one another. 

There is 'no cmcial test 
by which we can dis- 
tinguish between a local 
race or a sub-species and 
a specicSf or between a 
species and a genus. 

There is often disagree- 
ment among systematists 
themselves as to whether 
a particular kind of 
animal or plant shall be 
classified as a full species 
or a mere variety. 

There exist interbrecd- 
ing groups so variable 
that we would regard 
the extremes of variation 
as different species did we 
not know of the existence 
of all the intermediates. 

All this lack of sharp lines 
and clear limits is to be 
expected if life’s method 
is Evolution ; but on 
the Creationist assumption it is chaos and 
confusion. 

The considerable decree of variability 
to be found in all wild forms of life was 
emphasized, and the conclusions to be drawn 
from this fact were driven home by an ^peal 
to the astounding changes which man has 
been able to bring about in his domestic 
animals and plants. If greyhound, bulldog, 
toy terrier, and St. Bernard can all be formed 
out’of wild-dog material in a few thousand 
years, then that living material is of ah 
extraordinary plasticity, and will leiul itsetit 
willingly enough to change and evDlutihn* 
And finally we have recited some ^ the 
facts of the distribution of hidgM# and 
plants, and have 



Fig. 150. A man 
at about two months 
of true age. 

Front view of a kumm 
Jour-fifths of 
on inch long, about 
seven months before 
birth. 
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into place and become intelligible to the 
Evolutionist, but remain stubbornly mean- 
ingless on any other view. 

All these lines of evidence lead to the 
same conclusion. The way in which each 
one corroborates all the others is impressive 
enough, but let it not be forgotten that the 
actud examples we have chosen are but a 
fragment of the mass available. If an idea 
is true, it will apply in every part of its 
domain. The domain of the idea of organic 
evolution is the whole domain of life ; 
and the final evidence for Evolution is that 
throughout the wh6le domain the idea of 
evolution helps our comprehension. It 
explains old discoveries and leads us on to 
new ; it draws order out of confusion ; it 


CHAP 

gives meaning to what is otherwise iiiea ’ 
less, and brings thousands isolated 
into a single related whole. There ' ^ 
one single character or quality - of ^ 
beings, from the construction of thpirsUi^ 
to the flush on their cheeb, fioni 
embryonic development to their m ' 
aspirations, which does not become 
comprehensible, more intercstini^r 
and more significant for the future ? 
viewed in the light that Evolution 
upon it. Whether we are dealing with S? 
cone of a pine-tree or the skull of a K’S 
the fertilization of a flower or the inst’^^ 
of an ant, Evolution illuminates why t}!! 
arc what they are. And there is nooiS 
imaginable illumination. 
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Man: a Vertebrate; a Mammal ; a Primate. § 2. Fossil Men. § 3. Man's 
' Body : Museum of Evolution. § 4. Man's Place in Time. 


§ » 

Man : a VerUbraU ; a Mammal ; 
a Primate 

rHERE is no need to stress the physical 
I'l-cness of the higher apes, chimpan- 
; gorillas, or orang-outangs to ourselves. 
;; crowds which gather round their cages 
the Zoo arc a testimony to this resemblance 
A the intorcst which it inspires. Nor 
the likeness one of physical structure only : 
i have but to watch a mother orang with 
r child, or a young chimpanzee at play, 
realize how deep the similarity of behavi- 
r goes. The mother dandles her baby 
her arms, kisses it, strokes its head ; 
turcs and the play of expression on her 
JVC an often pathetic likeness to a 
mother’s. 

it is perhaps not often realized how 
ely close the resemblance is, and how, 
dartian scientist, with no personal 
ice on the subject, had been given 
k of classifying the animal inhabitants 
planet, he would at once have put 
1 the same small group as the tailless 
ith the same lack of hesitation with 
he would have classified the hive-bee 
le solitary bee together ; and how 
unintelligible he would have found 
ng failure of human naturalists to 
lis step, and the storm of protest which 
when at last a few bold and logical 
dared to take the objective view of 
place in Nature. 

closeness of our likeness to the apes 
est be realized by measuring it against 
kcncss to other vertebrates. Take a 
body and compare it with a frog’s, 
n is really very like a frog in the 
il plan of construction : both have 
al skeletons made of bone ; a spinal 
'■unning^ along the back, enclosed" in 
^ckbone’s tunnel ; brain in a brain- 
eyes, ears, nose, mouth, and teeth 
same general relation ; two pairs of 
With skeleton corresponding almost 
r bone ; and a close resemblance 
pan of their internal anatomy, 
^'‘'r^ngements, too, are quite 
have livers which bresOc up 


amino-acids and store sugars as glycogen ; 
both have a pancreas which secretes trypsin ; 
the adrenalin manufactured by the frog’s 
adrenal glands is not only like but chemically 
identical with the product of the adrenal 
glands of man. 

In these and scores of other ways a man 
is not only like a frog, but unlike the vast 
majority of animal types. The man-frog 
plan of structure and working is definitely 
unlike that of a cuttlefish, or an ant, or 
a crab, or a leech, or a sea-urchin. In 
zoological terms, men and frogs are verte- 
brates, and these other animals are not. 

On the other hand, if we draw a few 
other vertebrates into our comparison, we 
see at once that there are degrees in their 
likeness. Man is more like a frog than a 
fish, for frog and man both possess lungs 
and fingered limbs, and a fish • does not. 
But man is less like a frog than a dog, for 
man and dog have both hair, and divided 
hearts, and warm blood, and teeth of 
several different sorts, and milk, and young 
that arc nourished in the womb ; and frogs 
have none of these things. In terms of 
classification, men and dogs are mammals, 
frogs are not. 

But, again, a man is less like a dog than 
a chimpanzee. For man and chimpanzee 
have nails, not claws, and grasping hands 
with the thumb opposable to the rest of 
the fingers, and limbs for walking and 
climbing ; they have no tail ; their females 
have monthly periods and a single pair of 
breasts ; their , brains arc large and deeply 
furrowed and convoluted. And in all these 
ways and many others, notably in their teeth, 
they differ from dogs. In zoological terms, 
men and apes are primates, dogs arc carni- 
vores. 

But the resemblance between man and 
chimpanzee is much closer than these facts 
alone would indicate. We have already seen 
how close is their invisible, chemical re- 
semblance. Then the visible resemblance 
permeates every detail of their anatomy. 
Their skeletons arc not merely alike in 

g eneral plan, but correspond actually bone 
y bone ; the grinding teeth arc extremdy 
similar in pattern ; the ape’s |i^uKi8 and 
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Fig, 151. Orang-outangs y young and oldy drawn from life. 

At home in the family circle ; mother transporting her baby ; young hopeful restingy and hannng by one leu. njii 
an old male of the variety which has a fleshy fold round the fact in place of umskers. 


face and expression arc all but human. In 
a number of points the chimpanzee or the 
gorilla differ more from the other great apes 
than they do from man. It used to be 
asserted that there existed definite struc- 
tures in man’s anatomy, especially in his 
brain, which were absent in apes. T. H. 
Huxley, as far back as 1863, demonstrated 
in his classical essay, Man^s Place in 
Nature, that this was not true. The dif- 
ferences between human structures and ape 
structures are only differences of degree. 
Man’s brain and brain-case are proportion- 
ately larger ; but, as Elliot Smith has shown 
us, this increase is due to the enlargement 
of parts of the brain already present in the 
ape — the parts concerned primarily with 
the faculty of association — and no brain- 
organs are to be found in man which are 
not also to be found in apes. The dog-teeth 
of us men are smaller, and so are our big 
toes, but our thumbs and chins are larger. 
Wc have adopted the upright position, and 
our anatomy shows minor changes as a result. 
Our legs arc strai^htcr than apes’ ; our 
spinal cord is bent in a different way ; our 
l^vis, besides still affording attachment to 
dozens of muscles, has been turned into a 
flat baidn which supports the internal organs 


of our abdomen ; a new development d 
the gluteal muscles is needed to holdij 
upright, with the result that our 
back ” protrudes in a way unknown amoi^ 
animal buttocks ; our head is poised ( 
straight pillar of a neck, instead of f 
truding forward. Our jaws and the 1 
ridges over our eyes are smaller, our m 
and chins larger. Apart from brain-si 
the reduced amount and length of hair 
the human body and the less hand# 
construction of the human foot arc perhs 
the most obvious differences between i 
and ape, but even they are only differc 
in proportions and amounts, no wM| 
structures being gained or lost or transfer 
into something radically new. . 

And when we come to behaviour andj 
mind at the back df behaviour, 
zee is far more like a man than like a 
To begin with, the actual raw 
an ape’s esrocrience, the data 
by its senses, differ from a frog’s but r 


The frog 

a worild of hla^ 5 

in one enrich colour. ^ 

ate vision ; 


our own in mai^ like! 


•“dfdisoriniinatior 
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,s much poorer and it pays no 
lo any but moving (A>jects. The 
r but its miserable little bag of 
),>arine Compaq very poorly with 
’ u, coiled cochlea. Inc range of 


ig’s eye 

[cntion 

«canh...r, 


lape 


's lonu 


hear 


‘5 whic!. our can pe^t us to 
Tthe d< li''acy with which we can dis- 
“ . te l>( iween different tones are almost 
al in ounelves and in apes ; but 
fsound-world to which the frog has access 
limited and crude in comparison. In one 
nfct however, the frog has the advantage 
T us and over the apes. Its whole skin 


lisesses organs 


of chemical sense, which in 


are confined to the moist coverings 
nose eye, mouth, and other mucous 
;mbranes. I’hus it is able, albeit it 
luld seem in a very crude way, 
smell or taste or at least to be 
nulated by various chemicals, all 
• body. Finally, what emo- 
frog possesses appear to be 
lumber and low in intensity— 
unlike the extremely human 
s of apes. 

f the very Ijricks out of which 
Is its mental life arc different 
urs, its ability to build with 
; no less different. The frog 
A^ers of learning and associa- 
lut so feeble that we find it 
t to realize the extent of a 
inability to profit by cx- 
X. Almost the whole of its 
; are reflex, predetermined for 
1 the start by the inherited 
iition of its nervous system. 

Jc, like ourselves, has its due 
jf reflexes and its complement 
)rn instincts with their accom- 
ig emotions ; but, like our- 
it can not only learn, but 
y. I’hough its actions, like 
ways built on foundations of reflexes 
istincts, yet the great majority of them 
Jat they are because of the animal’s 
dual experience. In a frog’s life, 
^ by experience plays an insignificant 
plays a preponderant part in a 


What concerm us here is the fact that 
chimpanzees and other true apes do have 
this faculty of anticipating experience, of 
putting two and two together so as to deal 
with a new kind of situation in an intelligent 
way, and that this power, in spite of the 
most careful tests, has never been detected * 
in any lower animal, even in tailed monkeys. 
Many animals have that form of intelligence 
which wc may call intelligent learning, but 
no others show deliberate invention. It is 
true that the ape’s free ideas arc very rudi- 
mentary when compared with ours. None 
the less, our chimpanzee who, instead of 
doing nothing at all, or of aimlessly fiddling 
with his two sticks until one chanced to fit 
into the other, saw beforehand that they 



''.'-tiii 

tl 



Fig. 152. A Comparison of Hands. Man ; centrey 
Chimpanzee ; righty Frog. 

Tht hands of Man and Chimpanzee are much alike t the main differences 
being differences of proportion and of hairiness. The Frog*s hand is 
built on the same general plan, but differs in many important respects. 
It has only four instead of Jwe fingers, the true thumb having been 
reduced to a vestige, so that the (parent thumb is really equivalent 
to our index finger. This false thumb cannot be bent rowuf and 
opposed to the fingers for grasping purposes ; there are no nails ; and 
the skin is hairless and moist. 


learn 

ours, 


would fit and would then serve his purpose 
— ^he was, albeit in a humble way, showing 
the same power which enables an engineer 
to design a bridge on paper instead of putting 
something up and trusting to luck that it 
will stand, or a physicist using his mathe- 
matical faculties to calculate how his atoms 

^ and electrons should behave if his assump- 

Janzee’s. ‘ tjojjg ^rc right, so that he can plan the crucial 

IS would ))c true of a dog as well as experiment which will tell him if they arc 
but the ape can go farther than this, right or no. In mental 8fc and mental 
Chimpanzee studied by Professor powers a chimpanzee is less like a ftog than 
er though wholly untaught, had the nc is like a man. 

stick into the hollow end When wc compare our human and 0ur 
^ ^ banmia simian, not only when full-grown, but duiiny 

and t I ^ cither stick by it- their respective developments as 
ioueht resemblances increase. Compared a 

'i hut if ^ observation is muy one <rf man, an adult chimpanzee hi| j 


nuist sufiicc us for presonn atdy longer arms and 
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an unborn chimpanzee compared with an 
unborn human being, but the difference 
is less ; the ape foetus is more human, the 
human foetus more simian in its proportions. 
During most of the later half of its prenatal 



^ 53 * skeleton of a full-grown male Gorilla, 
Compare it with that of a man {Fig. 4). The twojorrespond bone for bone. 


soon acquires its thick pcrmaiient 
ment. 

The skull-shape of a chimpanzi e is 
more human before birth ; and even ' 
characteristic ape-foot is in the foetus m 
less like a ' 
and much 
hum.in i|,,l 
later, while , 
after birth 
human babv 
loot, with its j, 
turned sole 
eagerlyprehtj, 
toes, is chat 
with hints of°l 
racial past 1 
in the trees. 

In fine, naa'| 

Structure and d 
vclopment 1 
him as zoolog. 
cally close kint 
chimpanzee, 
rilla, and oran|! 
outang. Throug 
the invention i 
language he 1 
made free of i 
new mental couj 
try, to which tl 
have no acccs| 
but he does r 
for that rcasi 
cease to be t 
close cousin, ani 
more than a meJ 
tally defectiji 
child ceases t( ' 
the son of 
father, any i 
than Shakespt 
ceased to stand I 
normal bloof 
relationslup i 
his cousins, 1 
cause he enW 
realms of thou? 
and expressioj 
which they n 

dreamed. 


life, the human embryo, like the ape’s, is 
covered all over with a coat of short, downy 
hair ; so is an ape embryo of corresponding 
age. Before birth both ape and man shed 
tfiis short hair and develop long hair on the 
head while remaining almost hairless on 
the body. Man retains this condition 
throughout life, while the new-born ape 
250 


§3 

Fossil Men 
This testimony fbbm structure and dcv« 
raent is confin»e4 by tbc 
of the past. Unfortunately, J 

men happen to be j»ft$crved ^ 

Mdth extreme m that we 
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The Jive kinds of man-like apeSy as adults {below) y and as late embryos {above) y to show the 
differences in proportion of the parts. 


lejt to n^hl : Gibbon, Chimpan^ity Man, Gorilla, Orang-outang. The human embryo is in its fourth month, the 
( at about the corresponding stage of their development. The figures are not drawn to scale, but the sitting height has been 

the iame for all. They are all drawn in the same position, to illustrate clearly the proportions of trunk and limbs, 
has relatively the longest legs and the shortest arms. Of the others, the gorilla has the most human proportions. The 
w difer in their f/rofmtions in the same kind of way as do the adults, hut not so much, so that the five creatures are 
more alike before birth than when grown up. {Modified from Prof. A. H. Schultz.) 


uch pretty scries in our own anccstr 
i the ancestry of the horse ; but th 
remains which have been found tell a 

l^ivocal story, 

the first place, we possess a true missin 
hetween men and apes. He W2 
in Java, in 1892, an 
cned Pithecanthropus, or the Ape-Mar 
e weight of his brain (and brain-devclof 
by far the most important diffcrcnc 
n ape and man) he is almost precisel 
y between the largest ape brain 

est gorillas, and th 

i^timan brains, to be founi 

low ^ He possesses 


Then there is Piltdown man, unearthed 
in Sussex, obviously a man and not an ape, 
but so different from ourselves as to demand 
being put in a new genus, Eoanthropus 
or Dawn-Man. His eye-teeth were large 
and savage, his lower jaw almost whoUy 
ape-like, and his brain both small and 
primitive. Implement - like objects have 
been found in association with him. 

Quite recendy, remains of another still 
more primitive genus of men have been 
found in China. A few isolated teeth were 
fint discovered, which, though' cleariy 
human, were so distinctive that Professor 
Davidson Black boldly said they must bdong 
to a different genus of man, w^ch he called 
Sinanthropus. His boldness usdfied. 
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In 1928 parts of two lower jaws were found ; 
and in 1929 Mr. W. C. Pei of the Chinese 
Geological Survey found a brain-case, the 
only complete cranium known of a subman 
outside the genus Homo. Altogether, 
remains from at least ten individuals have 
been discovered up to the date of this 
printing. Like Piltdown man and the Java 
Ape Man, Sinanthropus dates back several 
hundred thousand years, to the early part 
of the Pleistocene period (V E). His jaws 
present many resemblances to that of Pilt- 
down man. His skull, however, is closer 
to that of Pithecanthropus, but definitely 
more human, with higher vault and better- 
developed forehead. But it was still a 
very lowly intelligence this skull contained. 




was that he buried the bodies of ] 


dea 



Fig. 155. The huge, chinless jaw of Heidelberg Man 
drawn to scale with the jaw of a modem European. 

{After Sir Arthur Keith, modified.) 

The primary human things were absent 
from its life. Although hundreds of tons 
of the soil in which these remains were found 
have been sifted and examined, no stone 
tools have been discovered, nor any trace of 
fire observed. 

Three other extinct types of men which, 
though admitted to the same genus as 
ourselves, clearly belong to different species, 
are Heidelberg man {Homo heidelbergensis), 
without a chin and with a jaw of extra- 
ordinary massiveness (Fig, 155), Rhodesian 
man {H. rhodesiensis), with brow-ridges 
heavier than in any existing human beings, 
and a brain that to-day would be definitely 
subnormal ; and Neanderthal man {H. 
neanderthalensis). This last is the only extinct 
species of man of whom as yet we possess 
abundant material. The reason for this 


Other species of bygone men, it sc ems 
left to moulder where they died’ 
animals ; but the Neanderd^ers laid 
some at least of their dead in dieir 
and put tools and implements beside 
and buried them, presumably because 
did not believe life was wholly ended 
so put these things for the use of the denart 
if and when he or she awoke 
rash to guess too precisely what ideas ** 
to these interments. They had ideas 
doubts about death, no doubt, that resj 
in burial. That is as much as we can 
of creatures so remote from ounek 
The majority of Neanderthal skeletons# 
far discovered owe their preservation to tt 
disposition. 

In spite of this human habit of ii 
terment the Neanderthalers were d 
tinctly less human than we ; they h 
heavy brow-ridges, no chin, large tet. 
—though their canines were less ape-l 
than ours— head thrust forward on j 
thick neck, and their short, bent 
compelled them to walk bandy-le„^, 
with their weight on the outer side j 
their feet. Many of the implemen 
ascribed to extinct human species ai 
so big as to be unwieldy by the I 
of any living race of men. 

All these extinct human and sun 
human forms are of Pleistocene i 
(V E), save possibly for Piltdown niaj 
who may (though it is unlikely) c 
back to the Pliocene (V D). 
remains, until we come to the Neand 
thalers, are mostly found in gravels ti 
may have been disturbed and 1 
deposited and so arc exceptionally hi 
to date. They arc probably onlyj 
small fraction of the quasi-human 
that still await discovery. Some that h 
existed may for ever escape record, fora 
intelligent creatures could have been r‘ 
drowned or bogged or otherwise prc"' 
for us. 

Earlier, as far back as the 
Period (V G), there existed in £ui 
creature christened Diyopithecus, 
obviously is to ^bc put in the same J 
with the living, man-^ apes. But its 
though differing from our own in 
ways, have a pattern which is mnjj 
that of the vai^us extinct speaes 
than it is like tJi»<N>f modern apes. 

Thus the fostf ^cncc, even 
be fragmctttaiy, is uiicompronusw| 


sistent wftfr that man 


Though 


the a 
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-till ( ' .iJe us, we have enou|^ of the 
inches i' fed ^ured it ii there. Every 


ly 


inct sp< of man is m one way or 
jther nio- ape-like and lew human than 
living l ice of men ; in Pithecanthropus 
] Sinaiiiii^'opus we have true linlang 
fns betwi rii men and apes, only slightly, 
It all, on iHe human side, while in Dryo- 
hecus w(’ have a true ape, some of whose 
iractcristics are more human than those 
any mochrn apes-^a pier from the 
;ward end of the bridge from not-man 

inan. , r • i 

The evidence therefore is clear not only 
t mail is ( losely akin to the apes, but that 
is actually descended from an animal 
ich, though without doubt different 
Ti any living gorilla, chimpanzee, orang- 
ang, or gibbon, would obviously have 
)c classified as an ape, which was covered 
h hair, provided with formidable teeth, 

1 a brain not above half the size of ours, 

1 spent most of its life on the ground or 
Diig the branches in the still prevalent 
dwindling forests of the Pliocene. 

§ 3 

Urns Body : a Museum of Evolution 

Ian’s likeness to the apes shows us 
riy enough in what direction to look 
his evolutiemary origin. But the proof 
he has had an evolutionary origin and 
not specially created— that rests on a 
:h larger mass of evidence. Our adult 
lan bodies are among the best proofs 
volution ; and the private development 
ach one of us is an affidavit swearing 
|ie evolutionary history of our race, 
irdersheim, the celebrated German 
omist, enumerated in the body of man 
ess than one hundred and eighty organs 
;h are vestigial-wholly or almost 

to us, though useful in other species 
kTn" * stumbling. 

lUv to T creation but 

ly women is 

ent m ’ u *°“8cr serves to 
en . And yet each of 

ssM? of t^ess bain 

>n be “Site of which 

creator ‘ . raised. For a 

grows ^ aie 

n enough-more 

In the me it loMS less 

“w futile 

““'''t'onisofnovalwXSw 


—we have performed a vestigial action. 
Even the arrangement of the hairs on our 
body may recall the past. The hairs on our 
upper arms point downwards ; those on 
our forearms run upwards and outwards to 
our elbow ; precisely the same arrangement 
occurs in the orangKiutang, and it haj| 
plausibly been suggestt^ that in this animal, 
which often sits with its arms clasped over 
its head, the arrangement may serve to shed 
rain off the body, down the spouts of long 
hair projecting at the elbow. But whatever 
its significance in the apes, its existence in 
man is yet another proof of their kinship 
to him. 

A few talented human beings can move 
their ears. Apart from being a minor 
social accomplishment this has no value ; 
but for a wild creature, like a rabbit or a 
zebra, whose safety may depend upon its 
power of detecting faint sounds and the 
direction from which they come, the power 
of moving its ear-trumpets is vitally import- 
ant. The human car-mover is indul^ng 
in a vestigial action, but the cars of the rest 
of humanity are one step more vestigial, 
for the power of moving them has been lost. 
In spite of this, however, a whole set of 
muscles to move them is stiU present, 
though never called upon for action, since 
for some reason we arc not able to control 
them. This, by the way, is also true of the 
great apes, which, like us, have useless 
vestigial ear-muscles. In tailed monkeys, 
on the other hand, the muscles are large 
and can be used, although they are not as 
strong or supple as those of, say, a dog. 

Another interesting vestige in the car is a 
little conical projection from the inturned 
margin of the car, usually called “ Darwin’s 
point,” since he showed that it was the 
remains of the tip of the pointed ear of 
lower forms, now folded downwards and 
inwards. It is only found in a certain 
proportion of human beings (and, curiously 
enough, is stated to occur more often in 
men than women) ; but when present it is, 
as Darwin wrote, ” a surviving symbol of the 
stirring times and dangerous days of his 
animal youth.” 

Again, the little fleshy fold in the inner 
angle of our eyes (between the openings of the 
tear-duct in Figure 48) seems to have no 
function whatsoever ; but in most lower 
vertebrates, including many mammals such 
as the cats, this same fold is a veritable thii4 
eychd, wMch can be rapidly swept aciYMS 
the eye firom one side to the other* As 
ibrther proof rf man’s simian rdbdonship 
it may be noted that apes 
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too, have their third eyelid reduced to 

a vestige. . 

Our wisdom-teeth are on the way to 
becoming vestigial. In most of us they only 
appear between the ages of twenty and 
twenty-five. In quite a number of people, 
however, they are never cut at all, but 
remain, useless or even the cause of dis- 
agreeable inflammation, within the gums. 

Nor is any exception made by man to the 
animal practice of recapitulating the past 
of the race during individual development. 
We have the same family secrets in our 
embryonic cupboards as the rest of our 
mammalian relatives. The gill-clefts, the 
tail, and the furry coat with which our 
persons were once adorned have already 
been mentioned (Figs. 63, 64, 136). We 
may add that the human tail is tormed 
complete with all the muscles for wagging 
it ; later, as the tail fades into insignificance, 
the muscles degenerate or are turned to 

other uses. .. 

The early human embryo has nostrils 
connected with the mouth by a deep grwve 
on either side. Sometimes, through a 
failure of development, this condition 
remains throughout life, and we call it 
hare-lip. It is a reminiscence of the way in 
which the nostrils were formed in our early 
fish-like ancestors, and you have only to 
look at a dog-fish or a skate to sec that they 
still show this construction (Fig. 68). 
Similar abnormalities of development some- 
times allow the prenatal hair to pereist, 
giving us the dog-faced men and hair 
women of our fairs and shows ; or the 
embryonic tail forgets to shrink and a baby 
is bom with a little pink tail like a sucking- 
pig’s ; or the closure of the gill-clefts is 
arrested and we have adult human beings 
with actual slits on the side of their neck, or 
with white patches of skin marking the thin 
places where they closed just before birth. 

Then there is the extraordinary capacity 
of the new-bora human babe to support its 
own weight for several minutes at a lime 
when hanging by its hands alone i indeed, 
in most cases the child can hang by either 
hand singly. Thb capacity persists for a 
month or so after birth, but then normally 
fades away, and only after several years is 
the child again capable of such a feat. All 
monkey and ape mothers travel through the 
branches with their babies. But as they 
need their own arms for travelling, the baby, 
vf, even from birth, must have the capacity for 
holding on tight by its tiny hands to its 
mother’s fur. There can be no doubt that 
the presence of this power in human infants 

254 


is a survival, now wholly uselc- .s, ofv,il 

...na a matter of nil* ariH 


was once a matter of life and d ‘ath. 
interesting to find, as Mr. KallenV 
demonstrated with his daughter, that 
baby be rejjeatedly stimulated by 
graspable objects into its hands, and tugoiK 
upwards when the little hands dose S 
the object, the capacity may be reawaken! 
even after it has died out nalurally^ 
may then be made to persist for many 
The inborn, automatic nature of this 
is shown by the fact that it was present in 1 
child born without any forebrain (cerebruml 
and persbted in full force until the defects 
infant died at eighteen days of age. 

Another recapitulation, which only fadt 
after birth, is the greater prehensile capadt 
of the human baby’s foot, and the fact tha 
its big toe is much more widely separata 
from the rest than a grown man’s. ^ 
should a baby’s foot be half-way to an apc’i 
if there is no real relationship between ap 
and man ? 

Those who still doubt or reject the truti 
of Evolution should ponder their own case 
For their own private and particula 
evolution even though it was all compresse 
into a nine months’ span, was just as spectaa 
lar as the slow evolution of life as a wholi 
Even that valiant apostle of Fundamentalisn 
Mr. William Jennings Bryan, began h 
existence as a single cell, passed from di 
stage of protozoan resemblance through th 
stage of a cell-colony ; hinted at anceste 
polyps as he became two-layered ; reveak 
himself akin to Amphioxus in produang 
notochord, only to destroy it later in favoi 
of a backbone ; indulged in remi^msccn 
of the sea-Ufe led by his fishy forbean 
constructing with his .amnion a a 
“ private pond ” of fluid in which he mi| 
embryonically float, and j 

neck with gilWefts, only to do away « 
them when he subsequently recap 
his ancestor’s greatest feat, the conq 
the land ; recalled the furry, jo ^ 
stage of his by J"® j,, 

to be w^ed, and his coat of fl xe 
and, cv^ after birth, was unaWe to 
recalling what he later regarded as 

the active, scmi-pi^cn»tl® , ^ahilitv (C' 
babyish feet and undoal>« 

ably never exerdscd, 

present when M 

to support ms wc*g*» 
with to hands. • life’s a 

A act 0 c 


The human 1 
the rest, not 
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boriously; by gradual and often 
And having been evolved, 
bound to suppose, must still 
the lines of biological change, 
f r as OH scientific data go, wc arc bound 
k ;.vc his present lordship is a prccanous 
^ He iH become extinct, like the great 
of ih' Age of Reptiles ; nothing in 
mst or hi his structure assures us against 
f lie may linger on in subordination 
^ . oeu type evolved from another line 

as th<' crocodiles and turtles and other 
of i(j-day are subordinated to us 
als • or he may become transformed 
r age into something wholly and 
gnizabiy new, something more power- 
„ore specialized, as the Eohippus was 
d into the horse. In any case let 
[■mber this simple fact an elementary 
ry of Evolution, but never seriously 
;rcd before Darwin’s time— -that there 
the slightest reason for supposing 
le powers, intellectual, spiritual, and 
nah which we human beings happen 
scss, are the highest of which this 
is capable. Our amphibian ancestor, 
certainly had no more brains than 
could give rise to descendants with 
lins of men. There is no reason what- 
ir supposing that another such stride, 
t further strides in mental possibility, 
ol occur. The one sure thing of which 
ectacle of Evolution convinces us is 
hings will not remain as they arc. 
nee there is a vague persuasion very 
dilTuscd at present that in a few 
1 years this planet of ours will “ freeze 
nd the evolution of life cease, we will 
dc this chapter upon the fact of Evo- 
with a brief note upon Man’s place 


§4 

Mans Place in Time 

lution, we now perceive, is a presen 
) a going concern. There is no sigi 
ins incomplete being that it ha 
lated or is in any way arrested. S< 
a vividly interesting question open 
us How long can the evolution o 
un , Jo tjiat question it is nov 
yo give a tentative answer, 
ating oj fossils by rocks, as we hav< 
tnn/^ earlier chapter, can h 
ind y dating ; it tells us tha 
unimal or plant lived and diet 

t teiu a 

“i yean absolut 

y ■ Yet the reader will hav 


remarked that wc have been giving the 
absolute age of different rocb with very 
considerable assurance : Early Cenozoic 
fifty million years ago, and so forth. It is 
time to explain how this is possible. 

It is possible because, as the work of 
recent years has shown, some of the rocks 
of the earth’s crust contain what we may 
call, without any fantastic exaggeration, 
geological clocks. They contain timekeepers 
that were set chemically ticking when the 
rock was first formed, and have gone on 
ticking at the same rate, without once needing 
to be wound or regulated, ever siqce. 
These clocks are what are known as the 
radio-active elements, radium, uranium, 
thorium, and others, which exist in certain 
mineral^. The work of Becqucrcl on ura- 
nium, which speedily led to the discovery of 
radium by Madame Curie in 1898, was the 
starting-point for a scries of researches which 
have altered all our ideas on the con- 
stitution of matter, and, incidentally, given 
earth-history a measurable chronology. 
These radio-active elements, as everybeSy 
knows nowadays, shoot out particles of 
matter from their atoms, and m so doing 
transform themselves into different elements. 
They do this in such a way as to become 
effectual chronometers. 

The particles given off are sometimes 
electrically charged atoms of the light gas, 
helium (which is a stable element and shows 
no further change), sometimes the far tinier 
electrons, the spinning bricks of which the 
atoms, save for their cores, arc built. Urani- 
um is the parent of radium. After shooting 
off three atoms of helium and severd 
electrons, it becomes radium. Radium then 
continues the process of change ; it first 
discharges a gas, radium emanation, and 
finally, after five helium atoms have been 
shot away, becomes plain lead. This, 
having stable atoms, docs not change any 
more ; the clock, so far as the lead atom is 
concerned, has run down, and wc know no 
means by which it can be wound up again. 
The lead thus produced, though in its 
chemical behaviour quite norm^, differs 
from ordinary lead in having an atomic 
weight of 206 instead of 207*2 ; we can 
call it uranium-lead. The whole process 
may be summed up by an equation : 
1 atom of uranium = i atom of uranium-lead 
+ 8 atoms of helium + energy. 

Thorium, another radio-active element, 
goes through a similar series of trans- 
formations, and after shooting out six 
atoms of helium, also ends up as lead. 
This thorium-lead, ^ however, cuffers from 
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urantum«lead in having an atomic weight 
of 208. 

Now, the bearing of all this on the com- 
puting of geological dates is very simple. 
This ^integration does not go on haphazard 
and wil^y. It is timed. Each of these 
transformations takes place at its own definite 
rate, as regularly and inevitably as the swing 
of a pendulum. The physicist assures us 
that if we took a definite quantity of radium, 
say a milligram, then after 1,700 years there 
would be only half of it left — exactly half — 
the rest would have turned into helium, 
lead, and traces of the intermediate steps. 
Uranium, on the other hand, is a slow 
disintegrator ; you would only lose half 
your uranium after 4,500 million years. 
Thorium, too, has its own particular speed 
of metamorphosis. But since the helium 
and the lead which are thus generated do 
not undergo any further changes, we can 
calculate precisely how long it would take 
for any given proportion of lead to be 
accumulated in a mineral containing ura- 
nium or thorium. And so, if we can find 
a rock of, say, Lower Carboniferous Age 
(III E i) in which, when it was first formed, 
radio-active minerals containing uranium 
or thorium were crystallized out, we can 
tell its age in years by measuring the pro- 
portion of helium and of lead which has 
been produced in these minerals since they 
were first locked up in their rocky prison. 

Lord Rayleigh measured the amount 
of helium produced by uranium-bearing 
minerals, and found that a gram of uranium 
would t2ike nine million years to produce 
a cubic centimetre of helium, which agrees 
with calculations based on the rate of step- 
by-step transformation. As regards lead, 
it can be calculated that a ton of uranium 
gives rise to i /7,400th of a gram of lead every 
year. Thus, if on analysis we find i per cent, 
of lead in a uranium-containing mineral, 
this proportion must have taken i/qqth of 
7,400 million years to accumulate ; while 
if there had been 10 per cent, of lead, the 
time needed would have been i/gth of 
7,400 million years. The rate for thorium 
is slower, but the principle is the same. 

The one assumption made is that the 
radium clocks never change their rate of 
going ; and physicists, after trying in vain 
to alter that rate by every conceivable means, 
are agreed that they never do. There arc 
various small mathematical corrections to 
be made, and various prk:atition8 to be taken 
in the practical procedure ; but all such 
difficulties can be readily overcome. How 
they arc overcome is clearly set forth in 
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Professor Holmes^ 

EariL 

There, too, will be 
other methods of estimitting 
time— as by the rate ctf cnosion of 
by the rate of deposition of new 
by the rate at which the sea 
always receiving salts and always ? * 
ating, grows saltcr, by timing J 
processes against periods of known 
such as the precession rfthe eejuinoxfta 
its 21,000 years cycle, and so forth tS 
all supply checks upon our radio^ 
estimates. 

In addition there arc one or two meth 
by which, at certain pages of the recoSl 
the past, we can get even an estimatel 
single years. For example, trees y 
annual rings, and some of the Big T 
of California take us back several 
years. When ice-sheets cover part ofl 
country, the flood produced by 
summer‘s melting lays down a layer! 
clayey deposit over the neighbouringn 
and Baron de Geer has shown, by couiim 
these layers in Southern Sweden, that! 
retreat of the last ice-sheet in Scandinj 
took over 10,000 years. But these 
detailed methods commonly apply 
to the immediate past, and to pt. 
of time that arc but one or two tickil 
geology's clock. 

There is also a further method i 
to any period where marine shells 
fossilized. It is based on the fact 
many bivalve shells show annual 
rings like trees, and that the annual gro« 
rings arc divided up into minor rings, e 
new addition to the shell being made i 
a feeding period. These minor rings % 
much in breadth, according to outer fl 
ditions. each annual grow' 

bears 16 individual stamp m l 

number ami size of its separate fee 
rings ; and the same stamp will be impr 
on all the shells in the same neighbour 
By comparing a whole isries of shells r 
successive layers fixjm one locality we| 
identify Ac sq»urate years by the f 
Acy have left on Ac growth-rings,^ 
count Acir SttOCeslion. This nie® 
being worked out by Brof. j 

Texas; k Aotdd valuable jl 

Wherwjver ^ kiyert bf one t^e ha«l 
laid down ia otw jdace, and co 
shcUs_ofbii#|§,.;:, ____ ,, ^ 


UlAnafelyji^l 
may carry ft 
bac^ fiw I 
nuHioni 



means as ' 
fly detailco < 

^tnousands i 





.„t tin : ■ And evbn fer <he Brtwtcr 
Js wr are already aMroacWng a 
^jncy <)t knowledge whcrWjy iJms tnar^ 
iror can be narrowed down to ten 
on yeais or so, which on the geologist’s 
; of tinir, is not a larw figure,^ for it 
jjieans l)eing out by alx)ut five' or ten 

[cT^arc the data upn which we base 
figures we have inserted upon our 
ram of i;>eological formations. If the 
er will turn back to that he will find 
or two points of very great interest in 
ion to our curiosity about the future 
se and duration of Evolution (Fig. 122). 

, the first place he will remark that there 
huge disj)roportion between the lengths 
[le great eras of geological time. The 
of Mammals seems hardly to merit 
lame of Era at all : it has only endured 
about 50 million years. The Age of 
tiles lasted about 125 million years, 
e the Paleozoic droned on, without even 
rd or mammal or flowering plant, for 
300 million. That puts the date of 
Early Cambrian back to 500 million. 
w these lowest Cambrian rocks there is 
a huge thickness of earlier rock-deposits 
least 180,000 feet of them— in which, 
&vcr, save in the uppermost 10,000 feet, 
Ksils have been found. The time taken 
the formation of these Pre-Cambrian 
I was longer than for all the later eras 
her ; for one of them is radium-dated 
to over 1,200 million years, 
le earth came into being when the 
itral sun was disrupted by the too-near 
Dach of some other star. Of that 
^idous birth you can read in Jeans’ 
my and Cosmogony, The date of that 
te event cannot yet be estimated with 
accuracy^ as can the agi||,of rocks, 

^ rapidly Wng narrowed 

at ’ n 3,000 maiion 

estimate is 

us provisionally take 2,000 miUion 

>ly a thirH ^ “* exMtence 

fHtkf iL ^ of this time. Without 


yerwbrotes. Iuftiimiab. haw been ' oh the ' 
toeto for only a dhitecnth of the time, hih! 

placental mammals for only a 
thirtieth. And as for mHa, he is a mere 
earliest creatures that could 

^ L ^P®*» cannot 

I^ibly have been on earth’s sta^ for more 
than a p^try ten million years, or one two- 
hundredth of the total, and it may well 
prove necessary to halve even this estimate : 
while our own species of man boasts perhaps 
a million years of history— one-twend^ of 
one per cent, of the earth’s full reccad. 

Tune « telcsc<^, and the centuries of 
history shrivel. Fifteen thousand years ano 
man was still in the Old Stone Age. OvSi- 
zahon, in the sense of a stable social life 
based upon agriculture and metal-working, 
dates back to less than ten thousand yean, 
len thousand years— when it tot* at the 
very least ten milUon to generate man from 
the first tailless ape, and a hundred million 
tor that ape to be brought into being fiom 
the first mammal I 

With this revelation of the huge spaces of 
earth s past the doors of the future, too, 
seem to open. Wc know a good deal now 
al^ut the rate of cooling of the earth and of 
the sun. That sort of knowledge also 
grows more and more exact. TTic dis- 
coveries that heat may be generated by 
radi(>activity, by shrinkage, and by the actu^ 
transformation of matter, have enormously 
enlarged the possible future of life upon 
every reason to suppose that 
conditiom on our planet will continue to 
allow hfe to flourish in the future for as 
long as they have allowed it to flourish 
> indeed, this trifle of a 
imlhon years or so for the future of terrestrial 
life IS almost certainly an»under-estimate) 
granted of coune that no unforeseen catas- 
trophe breab in upon it. 

Man is part of an unbroken stream of life, 
lhat same stream in the dawn of life on 
tarth manifested itself in the fonn of single 
imcroscopic cell; hundreds of milli^ 

^ years later, after transformation through 
forms wc ^y guess at-^-forms of polyps, 
of worm-hke creatures, of headless th^ 
like lancdeti, it flowed through th ousarris 

nr I*. ^ .. « 


hbt the 
first 
luashy an 

were preserved ^ ^ warmed _ , _ 


u, , real age rfUfris T iancc|et«, it flowed through thousani 

f r first living ling, JLl of g«n<«tioM m the fonn rfftsh ; it emagicd 

I they were prLcrved wmd?*^ WBnn«*it» bl^bd, and 

RVehppn , ^''^Uld, in most fod its vniinor ymiIIt 0*nt JL'.... I 
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and finally ape turned mari»apc. ■ 

stream of life that fla^ 

aS our hu-uu 

rail man was once nsn, “ . 

Sy 

^cLT’^ithou? the aid of conscious nurp^ 
Kv^f the prehuman forbears, t^ho *^^11 
proph«y what our race may 
and into what it may not transform itself 






m the k J 

' To’^gl^ •I^^Spli.-uions of j 

atimate of avwlawe »me b lo reali® d 
we are stUl only in &e dawn of consciou, J 
and thought, and that all human will ^ 
wudom has ever done b no more thajJ 
augury of what it may yet achieve. 
lution presents itself as an accdcra^ 
process, gathering momentuni and 
yet beyond the beginning of its rcvelatio, 
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riie Chief Theorus of Evolution 

^ Book ] we have been dealing with facts 
)cyond any reasonable controversy. We 
ft put tliein plainly and we hope con- 
cingly before the reader. If we have 
ed to convince, the fault lies in our writing 
1 not in the facts. Life, we have shown, 
appeared not multitudinously and again 
I again in the world, but at one particular 
jc in our planet’s history, and from that 
; beginning it has developed like a branch- 
tree. It has not been multifariously and 
catedly cn ated in its present or kindred 
ns ; it has unfolded from lowly and simple 
;inning.s, through a vast variety of species, 
all the animal, vegetable and other 
anisms the biologist contemplates to-day. 
icial creation of each animal and vegetable 
e is a parable or a myth. Evolution is the 
pe of life and a fact as well-established 
V as the roiindness of the earth or the 
itive immensity of the sun. All these 
ee facts have been disputed in the past, 
day controversy about any of them is dead. 
Equally dead we shall find is the older 
I really more plausible belief that life has 
I numerous origins and, even now, can 
times be created afresh. That, it seems, 
not so. Life *is one thing. Every living 
Ig is related through a common descent 
all the rest of life. There is no feason 
pon why this should be so. But allUc 
fence is that it is so. 

1 11! ih« three instances we have iriven — 
und earth, the larger gun, and Ac evo- 
0 ifr— men have disput^ Aese great 
dizations because Aey had started 
with contrary assumptions and found 
"ick ol the new idea too great. Thev 
tommsled their moral Sd reliS 

2 Je notion of a special creatiSt of 

mall s notion 

. and it j* sun going about our 

fall. hcavem 

^dthem h genemtiona httve 

"‘"'I ‘l’' 


and moral impulse none the worse for t 
broadened and enlightened oudodc. To- 
day there is no denim of the feet of oxganic 
evolution except on the part of mai^tly 
ignorant, prejudiced and superstitious muu^ 

But here we enter upon a less certain am 
esublished region of biol^cal study. In 
this Fourth Book wc arc going to how 

individual development is carried out, and, 
further, how Evolution has occurred. There 
we firtci active and intelligent minds still 
differing very widely. What are the rela- 
tions of individual development to the 
development of the species? There is no 
43[uestion any longer that Evolution Im 
occurred, but our question is now, what has 
been its method ? Or its methods ? 

This is a field where the ddbris and glow 
of recent controversies arc still evident and 
where wide and often flaming differences of 
opinion arc still found. And, just as in the 
opening of Book 3 wc made it quife plain 
what fact wc had to prove, so here it will 
enable the reader to understand the fiiU 
significance of what follows if wc give first 
the broad questions our chapters are designed 
to illuminate, and point out what is still 
arguable and what is the present state of the 
discussion. What are the Theories of 
Evolution between which wc are asked to 
decide ? 

The fact of vital Evolution has gleamed 
upon intelligent minds at various phases in 
the world’s history, but the modem revival 
of biological science had been going on for 
strae time before it rose again to recognition. 
Linnaeus (1707-1778) seems to have had 
no doubts of the fixi^ of species. It was only 
towards the dose <h the eighteenth century 
and with the increasing study d* comparative 
anatomy and fossils that the fixity q[ species 
began to be questioned. 

At first the feet of Evolutbn was seen 
piecemeal, as a possiUe change of one species 
into another vadiin the bounduiei of tbis^^ 
or that restrkted. group alJM ftHtm It 
was not apprAeoaed as a mocess compre* 
bending iu^pihg things, rerhans sA 
carnivores gcacdcally 

exan^ or aU Ae honfod wtob It 
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THE 


word Evolution came later. And the quee- 
don whether the process included man was 
either not raisea, or plainly or tacitly 
answered in the negative. 

The first attempt to explain Transformism 
was to ascribe it to the effort of the living 
being to adapt itself to the often difficult 
conditions under which it had to live. The 
French naturalist Lamarck (1744-1829) 
pointed out that the individual was respon- 
sive to its circumstances, that it used and 
developed this organ and made litde use of 
and therefore did not greatly develop that, 
that within limits need and exercise called 
forth structure ; and he supposed that these 
individual adaptations were in a measure 
inherited. The three-toed horse — if we may 
use an example unknown to Lamarck — 
which under changing conditions was always 
scampering on firm prairies and scarcely 
ever going on soft ground, made no use of its 
once useful siJe-toes, and so they were not 
stimulated to develop, while the business 
toe got all the work and all the benefiu 
The foals, according to the Lamarckian idea, 
inherited the enhanced main toe and the 
reduced side ones. This line of argument 
was made exceedingly plausible by the 
known fact that we all develop best the organs 
we use most : the rower his biceps, the singer 
his chest. The weakness of the Lamarckian 
case, or at least the unproven assumption of 
it, was that the individual deyelopment was 
in any degree inherited. 

In ordinary biological discussion the 
individual development is called an “ac- 
quired characteristic ” ; the size of the 
rower’s biceps, for instance. Lamarck as- 
sumed the inheritance of acquiacd character- 
istics and found in that a partial explanation 
of Transformism. To this day the belief in 
the inheritance of acquired characters is 
called Lamarckism, With the inclusion of 
an involuntary response to the environment 
(such as the response of growing corals to 
currents or the darkening of some birds* 
feathers when they are reared in a warm and 
humid atmosphere) and the inheritance of 
this response, it is called Neo-Lamarckism— 
Lamarckism modernized. 

Iiamarck’s realization of at least a limited 
evolution of species, Transformism, was based 
on an infinitely smaller knowledge of fact 
than we have to-day. He relied chiefly on 
fossil shcDs, rudimentary structures, and the 
manifest anatomical resemblances of animab 
for hb belief that Evolution occiArcd, It was 
only later (1828) that Geoffroy St. Hilaire 
called attention to the cmbryological evidence 
for Evolution. 

2 % 
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attractivoiett oflwldea of ‘’’I®* 
enduring consequenOM. Master 
can of mathonatics and your r' 1 

children ^1 ^ ,t fe* difficult 
mercy. One IJui to diink in tk.? 

And with vamus additions and 
ments Lamarckism is to ^ fo.,nH ,»■ 
paralleled in much modem 
^ specia£““’“ 

hM b«*n added to the individual effort 
idea of M upwarf driving force of a 
sort. Bergson finds an ilan vital 
Bernard Shaw a life-forct, both mystical dnw 
towards adaptation, coming from or actili 
through the organism. Both owe sobI 5 | 
thing, no doubt, to Schopenhauer’s idea of. f 
driving Will in things. Whether sud, i 

hy^thesis IS ncce^ry or even harnioniooil 
with the facts of the case we shall leave thj 
reader to judge at the end of this Book J 
We give it here as a second theory, wh™ 
must be treaty with respect, the theory « 
an upward drive in life. 

Now, while Lamarck was elaborating hiJ 
transformist ideas, an English clergyman" 
Dr. Mai thus (1766-1834), was developii^ 
certain views that did not at first sight sei 
to have any bearing upon natural history a 
Transformbm at all. His preoccupationij 
seem to have been purely social. He 
struck by the rapid increase of the human 
population about him — and he lived in a 
prolific age. It was increasing, he thoughts 
much faster than was the food-supply| 
Consequently there was already a h 
struggle for subsbtence going on. Manl 
was breeding its way towards starvation! 
the weakest would go to the wall. Farair 
and the check of pestilence were the natd 
counters to thb drift towards over-populadoj 
and an unendtirable poverty, and he i 
hb follow-creatures to avoid such mn 
by restraining their increase through j 
marriage and through continence, 
artificial interference with conception kw 
as birth-control or Nco-MalthusiamsiDi 
may note, had no place in hb P 
That was as far as he got ; he betray 
consciousness of the bearing of 
tions upon the ideas of Transto > J 
which mdecd i|(? toxy have be "1 
unaware. ' ^ . ^tiii 

were read by two soostific 
naturalbts who were no 

in thc&ct of B^onbutbynoin 
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.amarcldimwin . , . , , 

( ,ativc Evolution” wife ill 
still to come.) ‘Wwac were 
ri^Dar.^in (1809-82) and Alfied Rusel 

'^“wri'l !■’ noK^hcre that Darwin did not 
Evolution, as many people 
>„,e Evolution is not Da^niam and 
^Lism not Evolution. The idw of 
btion is not only at least as old m mod^ 
ht as Lamarck, but adumbrations of it 
dearly traceable in such ancient writers 
ucretius and Empedocles. But in the 
is of Darwin and Wallace, looking for 
■atinc causes for the evolutionary process, 
phrase of Malthus, “ the struggle for sub- 
ice,” found a fruitful soil. Both realized 
con’d great fact— for fact it is— in the 
;ral conditions of life, namely Natural 
ction. Every living species is continu- 
producing a multitude of inc^viduals, 
i^more than can all survive, varying more 
)ss among themselves, and all competing 
nst each other for food and a place in the 
On the whole, Nature will let the better 
[] ones live more abundantly and she will 
off the less happily constituted. The 
ker will go to the wall ; they will not 
d so much ; the stronger and their off- 
ig will prevail. Assuming that weak- 
arid strength and, in general, fitness and 
tiicss arc hcrcditable qualities — and that 
ic general persuasion — a species must be 
lyson the grindstone, having its unsuitable 
ns eliminated and its suitable strains 
in possession. 

nw, let us be quite clear here ; speaking 
I precision, Natural Selection we say is 
a theory but a fact. But does it, in con- 
ion with the small differences that occur 
/cen every individual and its peers and 
distinctive resemblance of parent and 
1, suffice to account for the whole spec- 
‘ of Evolution ? With or without that 
^ent of effort and hcrcditable acquire- 
t which Lamarckism asserts? There 
:oine to speculative matter, to theories, 
thought it did. He did not con- 
the Lamarckian hypothesis, but he 

0 a new factor in the process, which 
' ne drew from Malthus. In 1850 he 

which made an immense 
; and he called it The 

^JSpeem by Means of Natural Selection. 

1 Natural Selection is 

al to other hand, this 

f'act of h Selection and 

-een 1 variations as giving 

'he f.,c, of Evolution, a a tfieory; 


of even faii|{% educated people atdmtperiod, 
educated for the most part upon lines of a 
narrow religious orthodoxy, it brought home 
for the first time the neglect^ and repudiate 
fact of Evolution, and made it seem credible. 
Explanatory theory and fact to be explained 
appeared together in their minds, and so to 
tfm day, in common talk, Evolution, Dar- 
winism, and Natural Selection arc hopelessly 
mixed and muddled. It became the custom 
to s^ak of the Darwinian Theory, the Theory 
of Natural Selection, and the Theory of 
Evolution indifferently. 

Moreover, Darwin and his associates drew 
attendon to the particular aspect of the 
question of Evolution that had hitherto been 
in the background. He followed up his 
Origin of Species by a book upon The Descent 
of Man. He insisted that man was an animal 
and that if the facts of Evolution were true 
they applied to man. If other living things 
had not been specially created but evolved, 
so, too, man must have been evolved. To 
do this was to challenge and bring into the 
discussion the whole world of contemporary 
theology. What had been a field of interest- 
ing speculation for naturalists became an 
arena of intense interest to the ordinary man. 

Darwin’s publication was followed by 
furious controversies, in which Thomas 
Henry Huxley (1825-1895) and Ernst 
Haeckel (1834-1919) played notable parts in * 
championing evolutionary cause and 
defending Darwin and his views from mis- 
representation. Huxley liked to call himself 
“ Darwin’s bull-dog.” But the controversies 
did much to darken counsel in these matters. 
The fact of Evolution had to be proved to 
most people, and many were only too eager 
to suppose that the defeat or qualification of 
the theory would abolish the fact. To many 
of them to the end of their days it remained a 
theory, and an unsound one at that. All 
sorts of secondary considerations have played 
their part in these disputes. There is, for 
example, a real dislike of the fact of Natural 
Selection on the part of such a fine and 
sympathetic nature as Mr. G. B. Shaw’s. 

It seems to him unchivalrous and vile for 
science to recognize that the weakest do go 
to the wall. It is hitting the fellow who is 
down. In the philotophy of a wilful life- 
force it is naturd the wisn should be father 
to the thought. He wishes things were not 
so, and therefore he declares they arc not so, 
and he does j,t with ^reat charm, confidence, 
and conviction. It pleases Mr. Shaw to tell 
the world at regular intervals that Natural 
Selection has Imn ** exploded,'* and it do<9 




In me very wm ne snoiua 09 9^/ * 
Neturel Sdec^i^ Imw been no 
** ea^oded ” by recent rcscardn unti 
rejectitm of imdcr-wc^hl coins at die Mint 

hasbecn cirolodedby thcdoctrmcirfre^ 

Wherever mere are favourable or unfavour- 
able hcreditable variations Natural Selection 
must be at work. 

Nearly three-quarters of a century have 
passed since the controversial catadysms of 
the mid-Victorian period, and Darwinism has 
been critidzed in evexy concdvable way. It 
cannot be said that it has been destroyed, 
but it has undergone restatement in certain 
respects. 

The modification of a species by the natural 
sdcction of variations is still an undefeated 
theory. That id^ from Darwin’s writings 
lives and flourishes. The remoulding of 
Darwinism has concerned the part of it which 
deals with the mechanism of heredity and the 
intimate nature of variations. For in Darwin s 
time hariy anything was definitely known 
about the inheritance of individual differences. 
The chromosomes to be presently d^ribed 
had not yet been seen ; the essential facts 
of fertilization were unknown ; most import- 
ant of all, experimental brewing had not 
drawn a clear distinction between variations 
which are inherited and those which arc 
not. ^ 

Since that time accurate knowledge has 
accumulated on these questio^ The micro- 
scopic changes in the germ-cdls that accom- 
pany fertilization were observed ; the 
chromosomes, the bearers of the physical 
basis of heredity, were discovered, and their 
complicated but regular movements were 
traced as they pass^ from one generation 
to the next. Moreover, the study of inheri- 
tance was attacked experimentally. Even in 
Darwin’s time the Austrian Abb6 Mendel 
(1822-1884) had experimented on the inter- 
breeding of varieties of plants and had 
discovered the two most fundamental laws 
that govern hereditary transmission. But 
the significance of his work was not recog- 
nized at the time. His communication to the 
little Natural History Society at Brunn (now 
called Brno) dealt chiefly with peas and 
arithmikic, not the sort of things that cause 
excitement and clamour, and in the confused 
tumult of the ninctccnth-ccntury Evolution 
controversy they passed unnoticed. Only 
in the opening years of the twentieth century 
was his work disinterred and brought to 
%car on the discussion of Evolution. 

This rediscovery was the stimulus for an 
enormous amount careful experimental 


m before m we shaU 

the quesuon variations ^ 

through a lifoffcrce ” driving the S 
species in a definite direction, or thro^ 
some blind disposition to vary evoked bvl 
action of external Candidas upon the 
ductive process. That is an interesting^ 
of profound importance* And we sh J y 
to consider the still-vexed question wheS 
the inheritance of individually acquid 
characteristics, which was the essence of^ 
original theory of Lamarck, occurs or na 
This was flatly denied by Weismann (183^ 
1914) and disproved in many instances. He 
and his followers are sometimes spoken of jij 
Neo-Darwinians. They believe vaiiitioii 
to be a purely random process, resultiii| 
neither from a persistent urge nor from til 
Lamarckian moul^ng of the individual 
body ; the direction of Evolution bdii] 
determined entirely by Natural Selection 
Their complete denial of the evolutionar]( 
value of individual experience gives a flavonj 
of hard predestination to their views. Unla 
it vary by the grace of unknown forces, 
struggling lineage is doomed ; no individui 
luck or effort can save it. And clearly m 
education, no social protection can cure ti 
innate defects of any inferior human famili 
Its rdlc is extinction. 

A very fine and curious issue to which w 
shall later direct the reader’s attcrition isthj 
of Orthogenesis, It is alleged that in a certa 
number of cases species, even though fain 
well adapted to thek conditions and withw 
experiencing any change of conditions, m 
by virtue of a sort of inner drive, 
destiny of the species, gone through « 
siderable evolutionary chan^. 

Henry Fairfield Osborn finds 
vincingly displayed in various fossil ^ 
such M the horses, camels, and otMoJa 
Of course, where the 
orthogeneris have^bcen 
Natural Selection has at las arresw , 
drive hnd exthwofahed '"g^struc? 

It may invalyh:. it ist 

observer bal' ^ 
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, obsciir. chemical fiM^ .„ , 

'lectrorii..g'ietic radiation* ftow- CWter. 
1 There may 


a tkHu^ subtte 


:tive 


infiutnces rejecting tbw vanatwm 
preserving that. Here ^ain our duty 
be to suin up the known facts and views 
leave th(’ conclusion to the reader, 
e have then still active in the biological 
(i) the (2) the Nco-Lamarck- 

and (3) tht' Neo-Darwinian ; three dis- 
ive schools as to the origin of variations. 
y are by no means mutually exclusive, 
follower of either school may attach more 
ss importance to the variational drive 
onversely to the action of Natural Se- 
}n, and Orthogenesis may be used to 
unt for more or less or none of the 
iges that have occurred. In a world of 
est workers these various shades and 
ling of opinion are hotly debated, 
igists can be as sensitive to heresy as 
ogians or any other sort of men in 
ly earnest, and it is quite easy for dull- 
led or dishonest controversialists delving 
[c literature of the subj*ect to clip out 
phrases as that “ Darwin has been 
sed of,” or that “ Natural Selection is 
•quate,” and pretend that a conviction 
utaiion in some pardcular is an absolute 
sal of view. But, indeed, no such col- 
has occurred. Difficulties in account- 
3r” variation are minor difficulties in 
)fthe invincible facts of the evolutionary 
ss. Every day the form and details of 
ition, the life process, arc seen more 
y, solidly, certainly, and coherently, 
need .scarcely point out to the interested 
r how temperamental disposition and 
iophical and moral preoccupations may 
ie men’s minds towards one or other of 
iree types c^f opinion. This possibility 
this branch of our subject an interest 
nf beyond the strictly 
I field. There is something cold 
Z'/T to a certain hard, 

yp 0 mind, in the Neo-Darwinian 
ate something heroic in the 

amarckir”^^- ^^^hogencsis. The 
arck an vie^w appeals most to those 

SLT figure man in 

univert" 


«ilciisrioi% gg 

typified by the l»te Motor WHliam Bate- 
He accratrf the fiict of Evohtthm. if 
omy on the paJaeontologiSal mdence, but, as 
the outcome of a life spent lax|reiy in the study 
of variation and especially 01 Mendelism, he 
dweloped an increasing inability to Sati^ 
himself how any progressive variation could 
wer occur. He crowned his scientific career 
by vanous lectures and addresses in which he 
reitcratwi his imaginative failure. This 
type of agnosticism was probably the negative 
^pect of a passionate and unquestioning faith 
in the implacable unteachablcness and in- 
tegrity of certain McndcUifemits of heredity 
we shall presendy describe and discuss. 
Later work has removed much of the point 
of his criticisms. 


'diewr'" hf 
V iticlin.* ^ conunually ,<&ective 
towards the 

>owaX ,h. T" « * 

'he icTea of 


§ a 

Method of Treatment 

The threefold author of this work must 
admit that the writing and arrangement of 
this Book have cost him more trouble and 
effort than any other portion of the^ under- 
taking. A word about his difficuldc* may 
be of help to the reader who is steadily 
following this Reposition of the Science of 
Life and who hltt now to read what has been 
so painstakingly written. 

The broad facts and the consequences of 
inheritance are of universal interest; the 
minute study of the mechanism of individual 
development and variation is, on the other 
hand, very obscure, outside everyday experi- 
ence, and can easily be made very com- 
plicated. Yet the broad questions we have 
posed in the previous section are only to be 
grasped soundly after the nature and bearing 
of this minute mechanism have been under- 
stood. The problem has been to give a full 
and exact atxount of this difficult subject, an 
account which a lawyer, let us say, car a 
schoolmaster or anyone of general intelli- 
gence but without special biological training, 
m&ht be expected to follow wiffi 
and understand, and at the same Ume not to 
confuse, wcaiy and defeat the natural wide- 
spread curiosity about these thingii 
We decided to eliminate every isvcddabte 
technical term, and those we miM founds 
unavoidable— germifimm, : 

for example— we have es^lain^ witi ledn-J 
lous care and much mutiM criddltti. Much 
^of the ewrmtt 
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svmbolism and formula that suggest a 
i^ematical text-book. It sends 
weary and 

p^ges here were first shaped “ 
Fashion and then, when their meaning had 
been completely 

rewritten in the English language. We 
Sht each other not indeed for compr«sion 
but for simplification and compact^ . 
This Book 4 was at one time, we may 
mention, twice as long as it is at 1^“^ 
We hope after all thb labour to h^c produce 
Tstoryas readable as the rest of this work and 
certamly, we believe, more sumulating to 
the imagination. For the implications of 
these minute particulars are immense. 

For a time, then, we shall set aside the great 
interrogations of the previous section as it 
they were quite dpen quesUons and give the 

esseUal facts of individual development and 
reproduction. It may come as a novel idea 
to some of our readers that sex. identified 
in the minds with reproduction, probably 

had nothing to do with it in the first place 
and that the two were only slowly entangled. 




Wcshan^ie»d»C^tifelhinuteiiie.u , | 
of sexual union afidinJiMitance. The?^ 

will follow the work of the Ahb« 
from its modest beginnings to its broade^ 
and developing conscqucnc -s. 


wUl louow me worjc oi me Ahhi 
from its modest beginnings to its broade!; 
onH Hevelooinff conseauenr 

V,* «« t.oncepts« 

Genetics will be displayed m ibeir essej 
beauty and importance. Some further Z 
tions of interest about sex will foil i iw, and Z 
we shall take up again those notes ofint^ 
rogation with which we ended the previ^ 
section. 

We shall then find that wc are able ti 
estimate the factors in the evolutionary pr^ 
cess far more surely than we are now aH 
to do. Wc shall put the Neo-Lamarckiana 
trial and come to grips with that widj 
spread and popular idea of ah upwan 
evolutionary urge, of which, as we have said 
Professor Bergson and Mr. G. B. Shaw at 
perhaps the best known exponents. Am 
then, emerging from such controversy 
matters, we shall treat in the next Book of th 
marvellous growth of the Tree of Life froi 
its beginning. 
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HOW INDIVIDUALS ORIGINATE 


r n life Arise Spontaneously ? § 2. Sexless R^oduction the Original Method. 
c! (j Complication of Reproduction. § 4. The Gametes^ or Marrying CeUs. 
Lme Evasions and Replacements of Sexuality. § 6. Art^al Propagation. 
A Hole on the Regeneration of Lost Parts. § 8. Grafts and the Chimara. § 9. 
What is Meant by the Germ-plasm. 


§ I 


Can Life Arise Spontaneously ? 

rE have asserted already several times 
that all life derives from preceding life. 

have given very little to. sustain that 
tion. Here we will deal rather more 
with this very important issue. Our 
osition is that life is a branching tree. 
;vant to dispose of the possibility that it 
veral branching trees or that new life- 
have arisen or can originate. We have 
iswer the (question whether under exist- 
:ondilions living things may not still be 
to arise from lifeless material ? 
ght down to the middle of the last 
nry' it was thought, even by many 
)gists, that living creatures could so 
spontaneously.” It was believed 
ot as a miracle, a rare and occasional 
der of nature, but as a fact of everyday 
rience. 

1C swarm of busy maggots that appears 
[lever anything is left to decay was 
losed to be directly generated from the 
efying material. In antiquity it 'was 
^ed that frogs and reptiles could be 
rated out of mud and slime : Virgil in 
ueorgics gives a recipe for producing bees 
1 the carcass of an ox : and Samson’s 
(Judges XIV) seems based on a 
ir misconception. He saw some bee- 
lies emerge from the decaying body of a 
ind put his riddle : “ Out of the cater 
forth meat, and out of the strong came 
sweetness.” It was a perfectly natural 
■easonable error in the da)^ when the 
ol interrogative observation had not 
-rn developed. But the Bible narrator 
one a little beyond the possibilities of 
0 hy adding a honeycomb to the 


not until the seventeenth century 
f ^1 exploded the belief that blowflies 
produced by decaying 
' S the blo^y at ifa 

When he prevented flics from having 

covering it with gauze 
T “P'^rnnent, and yet no one y 


previously displayed the intelligent scepticism 
needed to attempt it. 

By the seventeenth century the discovery 
of the microscope had opened up a new 
world of living creatures, whose life-histories 
were hard to trace out owing to their com- 
plicated life-cycles, to their minuteness, and 
their liability to be blown from place to place 
in a condition of nearly-suspended life. 
These creatures had an air of turning up out 
of nothingness. Thus they were supposed 
to be “ spontaneously generated.” 

In the middle of the nineteenth century the 
genius of Pasteur, with a combination of 
rigorous experiment and patient persever- 
ance finally clinched the matter and proved 
that all visible living things, at any rate in 
the conditions which now obtain in nature, 
arise only from others of the same sort. 
Soups and such-like infusions were up to his 
time supposed to be natural environments 
for spontaneous generation. But the most 
nutrient of soups will stay pellucid, without 
a trace of decay, if sealed off from the air 
after being sufficiently heated to destroy 
all microbes and their spores. Even if air be 
later admitted, no decay will set in, provided 
no bacterial spores actually fall into the soup. 
They may be filtered off by passing the air 
through cotton-wool ; or by letting the air 
pass very slowly along a scries of U-shaped 
bends in a narrow tube, when they will setde 
at the bottom of the U’s. Or if uninfected 
air be admitted to sterilized soup, as for 
instance by breaking open the se^ed flask 
at the top of a high mountain, and the flask 
then rescaled, again there will be no decay. 
Nothing decays unless bacteria or their ^rcs 
settle upon it. The same boiled infusion 
which, left exposed to the air, within a week 
teems with many kinds of bacteria and pro- 
tozoa, will remain untenanted indefinitely 
if their germs and spores and cysts arc de- 
barred entrance. We can say now with^^ 
entirely reasonable confidence that all life 
which exists to-day has sprung direct from 
pre-existing life. 

But, of course, this apparent impossibility 
of spontaneous generation applies only to 
the world as we know it to-day. At some time 
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in the remote past, when the eai^ 

and its air anoCTust offered, jdiysic^y and 

cheihicaUy, from their p^nt state, it s^ 

reasonable to believe that ^ 

originated in a si®?'® 

matter. It was presumably a fiml^ 8^™ 

change, a slow progressive sTOthesis, rathw 

than a sudden leaping >“‘0 

isms from formless slime. To that 

we shaU return. Our P^nt conc^ion « 

that, although life could be generated under 

those strange conditions, it never appears 


the science 

. 1 „ '■ 

ButtJ 
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Fig. 156. One of Pasteur’s exptrvnmts. 

When yeast Musim is boiled in a swan-necked flask, i» pidrefaetion 
foUowr even ^igh it is left open to the air, because <mji Itmng germs 
inOeMrseitUi^the bendof^U or are caught onthe motst^sjT 
the neck. If the neck U broken <#, putref actum sets in, since spores and 
<yst5 now have ready admission. 


to make tmy 
is by no means true 


la MV MW ***vrt**#M IM.W lly^ 

all living thingg havtVik?^ kind of^ 
process, but most of mm bav< also 
ways of increasing thdr kind. 1 n biolo^ 

language, reproduction is often S 

own strict adherence to a single general 
technique is in fact to be regarded as « 
exceptional thing. 

The most primitive way of multiplyiu 
the method used by the smallest and simS 
creatures, is by splitting the whole b^y y 
two halves, each of which ^ 
into a complete new individla 
This is known as binary fission [h 
n4» 157)- cases the 

spring is not merely a detached 
of the parent ; the whole sul 
of the parent becomes 
The parent leaves no 
ceases to cadst ; but for it there is 
death — only duplication. 

This reproduction by splittinj 
this multiplication of substaa 
passed on into ever new individud 
is most spectacular in the bacteri 
A simple bacterium in a congeni 
nutrient soup may easily accompS 
its whole span of individual es 
tence in half an hour. At 
hour, we have one specimen 
half an hour, two specimcns-~fil 
hours, a thousand and twenty-fJ 
—ten hours, over a million-twcni 
four hours (if the food holds oi 
hundreds of billions. 

When the dividing animal nal 
complex structure, remarkable 
arrangements must occur at ca 
act of fission. Thus the cornplical 
protozoan Stylonychia 
although it is only a 
a definite shape, with special brt 
which act like legs, and a 

armed with vibratile plates, m 

fission, many of the otS®" 


. tission, many 01 v - ^ 

spontaneously at the present time. The is 3 

CMditioita have disappeared. The animds ^ their definitive! 

and plants that we know today arc branches ®‘l“|^^2^^tSdefinitive sta®"' « 
of aWc Tree of Life, growing out of pre- “^^^i^'^^note,isbyno« 

existing branches by the reproductive pro Bit^fis^n, wm^^^ 
cesses that we have now to examine , unknown m rcpt^^ 

§2 


Sexless Reproduction the Original 
Method 


rc- 


Among most of the higher animals -- 
production, the origination of new individ- 
uals, is inseparable from sex. It takes two 

068 


unknown ^ rcoroauPi 

only do many fi«i 

splitting themsAwi slwly j 
moudTdowiw^, 
fimon is ope built «j 

the 


. pecatfs in 


-.arc built#! 
Xransve»e“3 

vario'J^ ^ 


HOW 

H'lhod, two other otahiiUsthods 


,l,isi H'lhod, twootncr maiiimeuiDas following (iiit, Irving the pai«nt stalk 
tual K f i oduction have oeriycd. behind to div^ and divide again, 
a fissioii. thts, !thc single When tlic size of j)atent and ofStpiing is 

i„ai d]^idcs into many small ones, 
bv a suies of binary hsaxons following 
liately upon the other without 
for any growth between, or, more 
ntly in single-celled forms, the central 
IS alom divides repeatedly, and the cell 
hole thru splits -up simultaneously into 
ny miniature cells as there are nuclei. 

)arcnt individual becomes a mass of 
r cells. This method is frequent 
single-crlled creatures which grow— 
iratively speaking to a large size, 

IS Foramiiiifera, or the common laige 
)a, and is found also in the malarial 

tc* ..... 

other method consists in making the 
iroducts of division unequal. Some- 
as in various Flatworms and Annelid 
}, reproduction is by transverse division, 
c hinder individual is at first small and 
ned, and only gradually grows and 
ips. This method has the biological 
tage that the original in- 
ial retains its individuality, 
ad and general alertness, 
giving rise to a new speci- 
from the less specialized 
of its hinder parts (see 
7)' 

letimes we find this process 
] times repeated, and then 
chains of incompletely 
iped individuals may arise 
1 the original head, trail- 
fter it until growth has 
)ped them far enough to be 
led. 

other variation of this 
>d is adopted by the polyp 
rom which, in many species 
ly-fish, tile adult medusas 
Instead of a string of off- 
trailing behind a moving 
tj the new individuals ap- 
^l^n the parent as a fixed 
.ihe advantage here lies 
^n|ing the fixed attachment 
5 trie wlu>le process The 
fixed uolvn (^ArhCu currtiU, (B^E) Vmmu sUig$s m its ^vision {diagr^^ T/uimtia 

from ti e r jr j Th 

les Hmiu ^ jerUJized egg) emt/a-pwimmi Th$ imo kristi$s sksi 

divided by a series of and movt to Mr right pUuss, whik th 

gro()V( S into what looks ^ disapptw, Th* old cumntpMing roman is th mm 

Pfi^ of ininiatiir#. dntghkKdl, wfaU iha hind daulptr<Mfimi a mw ms. 



COE 

Fig. 157. How a Com^icaUd Call Divides, 

^ iuit am qftfu most tlabarakly organ^ ciliait Protozoa (mmh 
,, T Bosidis cilia it hm variom largs brisM uddeh s$rm instead ^ 
limbs, and (upptr right) a row qf triangular vibrating plaits to makt a food* 

cunmU. {B-E) Various si — ^ ' - “ 

qf th$ oidamnuu art doUtd, 


miniature saucers, 

at their edge*. The top 

and is ii/' r"'?* “^vanced in devdt^ 
dm first to free itidf «»1 




markedly unequal we speak of Th^ 

is rare in single^elled tyqiei, but is tSI oemk 
monest form of sexless reproduction in many 
called plants and animali* lH adopdos 
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confers the advantage of leaving the original all the cases of hxia^ identical 
individual fully formed and active all the (twins which arc so cloSdy as t ^ 
time, dispensing with any need for re- confusion) are due to the splitting of ^ 
organization, by putting all the cxOcss embryo at a very early stage. This 






0 .^ 



material of growth direct 
into rapidly developing 
buds, which can be thrown 
off when they arc fit to 
look after themselves. 
Budding is widespread 
among sea-anemones, 
jelly-fish, sca-squft'ts and 
many other invertebrates. 

Even when sexless re- 
production has been 
abandoned by the adult, 
as in all the highest 
animals, it may persist 
unsuspected in early stages 
of life. Generally, every 
fertilized egg means a new 
individual, and if two or 
more individuals appear 
at a birth, then two or 
more eggs were fertilized. 

The triplets, quartets, 
quintets and so forth of 
cats or rabbits arise from 



Fig. 158. How a gemmule is formed 
in Ihe freshwater sponge, Spongilla 
[highly magnified). 


^oups of ^parate eggs, gathering at one spot ; other cells are beghaang 
three, four, five and so on U> secrete a homy case round them. Tep right : 
in number. But there arc The first homy case is finished, and mterosa^ 

exceptions. In the Texas tn^port^ to make afit^ 

K™. protective layer round tt. Bottom: The horn- 
armadillo, whose bony secreting ceUs have retreaUd and rnade a second 
carapaces are so often homy case round the layer of stncules. The 
made into baskets to tempt gemmule is now compute. 


m^j^c into baskets to tempt gemmule is now comph 

the tourist, four young 
are always born at a birth, and they 
arc peculiar in sharing a common set of 
embryonic membranes. These quadruplets 
arc produced by the early division into four 
parts of a single fertilized egg. Similarly 
270 


IS, in a perfectly JegitiJ 
sense, sexless reproductioi 
In some parasitic inscc 
this budding of the ovui 
occurs on a grander seal 
Only one egg is laid inti 
destined victim of li 
parasite. This divides « 
into two or four, but ini 
hundreds of cell-masse 
from each one of whic 
a whole insect eventual 
grows. 

A very peculiar form ( 
sexless reproduction 
found in many spongt 
Sponges possess laj 
numbers of wanderii 
cells, not unlike our oi 
white blood corpusdes. 
number of these coli 
together in one spot, nu 
as our white corpiw 
collect where there 
inflammation. Howw 
their function is not i 
fence against intitd 
but reproduction, andu 
have previously acciij 
latcd food-stores 
themselves. They P 
themselves close, and 
r other cells inaprotc^ 
pi icnonffe there ; 


then sealed up bV Qthcr cells m a p ^ 
case. In a sm^ ^ 

multitude of these of ( 

parent sponge dies ^ J 


HOW INDIVIDUALS ORIGINATE 


egetni 


lies, as they arc called, fall to the 
Vlicn conditions are favourable 


‘"".hev burst their case and dwelop into 

n, ' ' . . i . 


1U>( S X liC* 

/«mtw.les is that they do not originate 
, sSc n-ntre of development, but are 
out ul' scattered cells which come to- 
‘."froni different parts of the^y. 
anis, fton> the lowest to %e highest, 
‘ ' i,c most varied methods of seidess 
;“ductio... Ferns and fungi, mosses and 
“ds detach myriads of single cells or 
1, each capable of growng direedy into 
ew plant. The tluead-algse, and m«t 
' I through the major part of Aeir life- 
L, consist of a feltwork of filaments, 
] bit of which may become detached and 
tiiniie the race. So with many flowering 
.s which have creeping underground 
;• they send up shoots at intervals, 
one of these, if detached from the 
can lay claim to be a new-reproduced 
t. The strawberry grows new plants at 
«nd of its runners ; poplars and many 
' trees send out suckers from their roots, 
of which can grow into a whole new 
The banyan tree lets fall aerial roots 
its branches, each of which on touching 
giouncl takes root and becomes a new 
k, so that a many-trunked tree, a grove 
self, is produced, 


§ 3 


Sex is a Complication 
of Reproduction 


consideration of these strange, asexual 
|iods of reproduction leads to some 
bting and important generalizations. 

I is evident in the first place that repro- 
Bon is essentially nothing more than a 
al kind of growth. It is growth accom- 
ed by detachment. A bit of the parent- 
is split ofl' ; a piece of living substance, 
id of growdng on as a part, grows into 
kv whole. Reproduction is not, in any 
jnse of the word, creation. Nothing 
laemy called into being. It is simply a 
ation and a remodelling of part of the 
organism. 


come now to a difficult and fascinati 
enb the problem of sex. What 1 
\ 0 with tills reproductive proccs 
multiply by m< 
complication of ! 
^rito the hfe-cyclc ? 

briefly its evolution, a 
of lifp among the simp 

^ j wc shall discover a fact whi^ 


us vertebrates seems startling— -that essen- 
tially sex is not reproductive. It is a different 
thing from reproduction. 

In the bacteria there is no sex. There is 
simply sexless proliferation. The creatures 
divide and divide by binary fission, by 
tearing themselves into halves, and as far as 
we can see they get on perfectly well without 
any form of sexual union.' Thus the simplest 
living things to-day ; and thus, presumably, 
life began. 

Among the microscopic single-celled 
animals and plants we sec the beginnings of 
^xual union. We sec it appearing as a new 
intrusive process, perfectly disunct from 
reproductive proliferation, interrupting and 
delaying the latter and in its essence anta- 
gonistic to it. In the simplest flagellates, for 
example, the organbms multiply by binary 
fission just as bacteria do, but their life- 
history is complicated by a contrary#tend- 
cncy. Occasionally, if we arc watching the 
creatures through a microscope, two in- 
dividuals may be seen to come together 
and to melt completely into one. It is, of 
course, a much rarer event than normal 
fission — otherwise the species would not in- 
crease — and the individuals taking part in 
conjugation, as this union is called, often 
come from different and not very closely 
related stocks. And it is as obviously 
unrelated to reproduction as is feeding or 
excretion (Fig. 159). 

In other kinds of protozoa the process is 
varied in divers ways. In the highly organ- 
ized Ciliates, for example, two individuals 
come to lie side by side and then exchange 
bits of their nuclei. Here the fusion docs 
not involve the whole organism, but, never- 
theless, there is a definite mixing of material 
from different strains. Here also the process 
is anti-reproductive, because it occupies 
time which might be spent in the normal 
rhythm of growth and fission ; actually the 
act of union takes about as long as would 
three generations of ordinary fission. 

In the simpler many-ccUed animals and 
plants — the slimc-fungi, for example, or the 
seaweeds — the gradual entanglement of sex 
with reproduction can be seen. They 
reproduce by liberating clusters of tiny 
dancing flagellated cells whose business is to 
grow into new individuals. But before they 
do so these cells ^ncrally come together in 
pairs and melt into one. Here then the 
business of sexual conjugation is rdegated to 
the reproductive cells. Their repmuctive 
value IS evidently diminished by this process 
which halves their number ; but it has 
another compensating purpose, for the 





Series d stage leading up to ** 

flairs that is found in oui^^- 

Ittffhcr animals and plants the cssracc Oi 

the process is the same-Jic 

cdls^have to melt together 

can give rise to new ‘“dmduals, they are 

called, therefore, gameUs, or 

These gametes are usually of 

—active* smaller male gametes or sperm 



Hf'indiindmi! 


''wiiii 

h!ii to 
of ItWo I 
this is I 


of ' IcWo ' our 

'this is piPHtetl^vlldi"«*pr«^ 
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in the course of Evolution the two oi 
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Fig. 1 6o. Some different kinds of male gametes. 


■urihin. 2. Hat. 3. Man. 4. Fire-bellied Toad. 5. Field-mouse 6 
•enfinch. <j. Flaiimm [Procerodes] . 10. Spider-crab. u. Squat-lobsUr 

bladder-wrack) . (All very highly magnijied.) ' 


Spade-footed Toad. 7* Tortoise. 
12. Frog. 13. A Seaweed (the 


; gametes is more obvious than it is in 
Ives. They aie almost like a separate 
alioii alternating with the principal 
phase as tlie various phases of the liver- 
alternate. In many marine inverte- 
ihe sperms and eggs are spawned in 
iiisty clouds into the sea, where the 
s swim about and unite with the eggs 
•erfectly independent manner, 
product of thc^ union of two gametes is 
^zygote. Mr. Everyman, for example, 
[,w, and so are his dog and his canary 
^e lites on the window of his study and 
abages m his back garden. AU of the 
living creatures of every day are 

Uhl T- f^iar 

with which they alternate. 

blf. i. gamete, is almost 

uch 1 ' smallest 

c as c placental mammals, 

a thoiis'^ l^i^nian ovum is 

ihunnn of an 

activity bf i ”? sphencal, their only 

' Protophisllf ^ welcoming 

jpL - draws it into th^^ #»arflr •%*%A 


even thiT^ 


»e ou, f« smau cm 

d tenth of * iBiIlini«t« 


H ( I /250th of an inch) across ; those of frogs 
s and newts, the size of small shot ; others 
1 grow as big as peas, like those of trout 
■ or some land-snaik, as big as damsons, like 
• those of cutUefish or pigeons ; and so event- • 
1 to the huge eggs of dogfish and croco- 

: odes, of swans and ostriches. In all eggs of 
birds and reptiles the true ovum is the yolky 
part ; this is a cell packed so full*of the 
stored food we call yolk that practically no 
hving protoplasm remains save for a thin 
“tin on the surface, and a concentration in 
the form of a delicate cap at one pole. The 
white and the shell arc not part of the true 
egg-cell, but merely its wrappings. In the 
extinct iEpyornis of Madagascar this one 
bloated cell attained a volume of about a 
gallon ! 

In ^ shape some eggs depart from the 
rohencal, but usually stop short at ovd. 
Cbmparatively few, like the eggs of mos- 
quitots and cockroaches and a number of 
other insects, are elongated or flattened. 

The sperm is much more variable in 
appearance than the egg. It is nearly 
always active and seeks restlessly for the 
Wmting ovum. Though the actively swim- 
ming sperms of all many-celled animals, from 
polra to men, are built on the same plan , 
with Single propelling whip-lash behind, a 
condensed nudeus forming the h»Hr of the 
“ he^” a middle-piece between d>e two 
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to carry the centrosome, and a cap covering 
the front of the head, and probably contain- 
ing the substance needed to galvanize the 
egg into development, yet this plan is much 
varied in its details. 

The head may be rounded as in the sperm 
of bats or starfish, or flattened symmetrically 
as in man, or flat and set slantwise as in 
squirrels ; it may be a long, thin cylinder as 
in tortoise, toad and spider, a mere ball like 
that of amphioxus, or a corkscrew as in 
finches. The middle-piece may be tiny, 
or longer than all the rest of the sperm put 
together. The tail may be a simple whip- 
lash, long or short, or be equipped with 
a vibrating fin-membrane of transparent 
protoplasm. The only exceptions to this 
general plan are found among flatworms, 
some of which have sperms with two whip- 
tails instead of one. 

In plants, however, the single-tailed sperm 
seems never to occur. Those of many lower 
plants, including mosses, have two flagella, 
and in some seaweeds these two-lashed 
sperms are not to be distinguished in appear- 
ance from free-living single-celled flagellates. 
Fern-sperms have usually a corkscrew 
nucleus, and a great many flagella instead of 
only two ; often they carry with them that 
part of- the general protoplasm which is not 
needed for production of head and whip- 
lashes, only to cast it from them before 
entering the egg. Animal sperms have gone 
a stage beyond this, for they shed all their 
unwanted protoplasm before embarking on 
independent life. 

Both^among animals and plants, however, 
are to be found sperms which have aban- 
doned their primitive motility. The gamete- 
nuclei of the flowering plants, which are 
merely floated along the pollen-tube into the 
egg, are the most familiar examples ; they 
have abandoned both motility and inde- 
pendence. But all the higher Crustacea have 
unmotile though independent sperms, 
strange stiff structures which look like tripods 
or calthrops or Catherine wheels. In some 
water-fleas the sperms cannot swim but 
crawl like amcebae. The round-worms have 
almost motionless sperms, mere lumps of 
protoplasm, and mite-sperms and millipede- 
sperms have also lost the power of swimming. 

Thus these gametes present themselves in 
various forms, but always doing the same 
things, alternating with zygotes, begotten of 
zygotes and uniting to form zygotes again. 
We cannot better summarize the jjosition 
than by quoting Professor Punnett’s little 
book on Mcndclism, in which he says : 

“ People generally look upon the human 


GHA 




species as having two kinds of 
males and females, and it is for themt 
the sociolo^ts and. legislators frame 
schemes. This, however, is but imr 
view to take of ourselves. In reality L 
of four kinds, male zygotes and 
zygotes, large gametes and small eametes J 
heredity is the link that bmds us toJu 
If our lives were like those of tlie stailjr 
the sea-urchin, we should probably | ^ 
realized this sooner. For the 


gametes i 


these animals live freely, and contract tl 
marriages in the waters of the s(;a. With 3 
it is different, because half of us must 11* 
within the other half or perish. Parajjd 
upon the rest, levying a daily toll of nj 
ment upon their hosts, they are yei in ^ 
measure the arbiters of the destiny of tl 
within whom they dwell. At the moment J 
union of two gametes is decided the c 
acter of another zygote, as well as the natm 
of the population of gametes which mi| 
make its home within him. The union oi 
effected, the inevitable sequence takes J 
course, and whether it be good, or whet] 
it be evil, we, the zygotes, have no long 
power to alter it.” 

§ 5 

Some Evasions and Replaimenh 
of Sexuality 

In most of the higher animals, as we In 
noted, reproduction becomes insepara^ 
entangled with sex. But Nature is a ti 
worker ; as living things have evolved shel 
vacillated and often enough she has chan/ 
her mind and gone back on her previous m 
O ne or two animals are curious in thatt| 
have returned to sexless methods of n 
duction ; evolved from purely sexual si 
they have found ways of dodging thej 
tanglement. 

In many species there exist females ^ 
produce eggs as if for sexual reproouc| 
but nevertheless dispense with males, 
eggs develop without fusion whh a spa 
the offspring arc fatherless, fms 
reproduction ” or p^thenogenesis is lou | 
number of organisms, such as 
water-fleas, rotifers, and occasiona y 
ing plants. From one point of ^ 
spore-production, since a single ^ 


tached and grows into a new oi 
it is different inits origin. 
is among the timn original me ^ 

reproduction, Parthenogenesis j 

anly simple, having arisen from i J 
reproduction by disjwnsio^T 
spermatozoa 
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I'hf j)ore-producing fern or fungus 
al, . neuter creature; but the 
Logni greenfly or rotifer on the 
hand is definitely a female, even though 

cksain-jtc. • * i 

reover ifie human experimeter has 
ways ()i getting round the need for 
I fusion. One of the most striking 
series ol modern biology was that of 
les Loci) in 1899, that eggs which 
ally needed to be fertilized conuld be 
to develop by substituting some man- 
.(1 treatment for the natural stimulus 
1 sperm. In other words, he caused 
ial parthenogenesis. Artificial 
eiiogenesis was first induced 
[emical treatment of sea-urchin ^ 
later it was found that almost 
ggs which are accessible to the 
menter by being laid into the 
-including those of sea-urchins, 
h, worms, snails, and even 
-can be made to develop un- 
and that the fatherless 
be as 
the 
fatherless 


to us that sex is imposed upon reproduction 
and is in its essence a different thmg. 

* §6 

Artificial Propagation 

Cleared of the complication of sex, repro- 
duction is seen to be simply the detachment 
of living bits of the bodies of one generation, 
which grow up into the next. 

Now if this goes on under natural con- 
ditions, can we imitate it artificially ? 
If the experimenter can make his needles 
and solutions play the role of a sperm (or, 


'ed , - 

thus produced can 
ly as those arising in 
irv course of Nature — 
ih and sea-urchins and tadpoles 
l)eeii reared to the adult stage, 
igcncies needed to lift the ban 
the unfertilized egg and nfiake 
velop differ from animal to 
1. Heat or shaking will do it 
‘ starfish, while pricking with 
ilc dipped in blood (a recipe 
iscent of magic !) is needed 
»gs. 

namnials the ovum is inaccess- 
3 the experimenter, so that we 
t know whether artificial par- 
icncsis is possible. There is no 
to suppose that it is not. 
y and experimental technique 
vancmg rapidly, so probably 
nnd out very soon. 

« these strange facts an important 
erges. It is that a spermatozoon 

es it ‘ f ‘n when it 

irf m 1^ activates the ckr- 

steMh';! ?'''y“P'nent possible ; Ais 
tep that Loeb and his followers can 

% 3 '', 1 .'; 

al from , 'Sg. contributing 
e n and so, as wf 

toeditf 'fu'S ^ ‘■'“her-to- 

procesi: Th essential 

*^yNatiiic is_ simply a trick 

reproduction 
0 , Jiavc 

more It becomes evident 



161. Flatworms Regenerating. 

Above : A Flaiworm has been cut so as to make it grow two extra heads 
and two extra tails . Centre : A small oblique piece cut out of the middle 
oj amther worm grows head and tail and straightens itself out. Below : 
A tlatworm has been bisected lengthwise {dotted lines show what has 
been cut away). Bottom row, left to right : Three stages in the halF 
worm s regeneratwn. As the regenerated tissue {white) grows, the old 
tissue {shaded) shrinks to provide the requisite material. 

rather, one of the two roles of a sperm), 
can he not make organisms reproduce by 
simply cutting them up ? As a matter of 
fact he can. 

Many segmented worms, especially the 
little freshwater kinds like Lumbriculus, can 
be chopped transversely into numbers of 
pieces, and each piece will grow a new 
head and tail and become a new whole 
worm ; and most Planarians among the 
flatworms have this faculty in even greater 
degree, for they can be cut in all Sections, 
and yet any piece above a very tiny size 
will turn into a whole worm again. So with 
many Coelcntcratcs ; we can multiply 
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them at our pleasure. And so wi* 
tozoa ; provided they are big enough to 
chop in pieces, and provided there w a b 
of nucleus in every P‘«“> 
reproduction on them at the edg 

plants, not only are such methods 
possible, but they have been used pr^- 
Sl ends time out of mind. A mere ^t 
of green willow wood may t^e nxrt and 
sprout and turn into a new vdlow bush, and 
wiUow twig will even produce leavm and 
roots when suspended in damp air. 
ers reproduce a chosen plant by taking slips 
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Or the method of jjfTftfting may 
ployed. Here the detoehed bit of 
tissue is not planted in th6 soil, but i 
to unite with the tissues of another 
the host or stock, In grafting;, the 
plant is not reproduced, sinci the 
served by the roots of the stock and oei 
forms any of its own ; but it gn .ws and ^ 
its own leaves and flowers and fruit. Q J 
ing ensures a real though [lartial reJ 
duction. Sometimes only a single 
grafted, as with roses or peaclu s, andn 
inserted under the bark at the side, 
whole stems are made to unite end-to^ 
at iheir cut^ 
faces. 

In many aninJ 
artificial pro^J 
tion could be^ 
ried out or 
similaf scale j n 
they are not mm 
of any comm^ 
value. The 
exceptions 
b a t h-spongc| 
These can h 
into little plei| 
each of whidi 
grow into a 
sponge ; and { 
perimenls arebd 
conducted to i 
whether th 
method can 
made commerc«| 
useful 
But the most 

traordinaiymOT 
of artificial 
duction is 
which wc 
already nienM 
in Book 2-^ 
duction not of-: 
procedure so 1 

but by the 1 


Tm twigs of one variety of tree being grafted on to a stock of 
another variety. 

UJU InserlioninU^acuUntheHock. Centre :Tf.paJtUMAgla. Ritk, : Theregionof 

the graft is cemenud with graftmg-wax. 

or cuttings— shoots bearing one or a few 
buds — and simply planting them m soil. 

If undue evaporation is prevented above- 
ground, and the parts bclow-ground arc 
warmed a little to expedite root-producUo^ 
many plants can be successfully propagated 

in this way. ,, 

Plants which happen not to grow wcU 
from cutting, may often be propagat^ 

layering. A branch is bent down and part power the fe 

of it Ughtly buried in rod ; when it form, organism 'I'M 

roots it is cut through ne^ its att^hment its 

scattered 


^asTM&bingthejn;^ 

»»I1 


sccumcm ", 1 : ‘arate baUfa 

to organize ^ mslm 

1 r i7t«»11v. each lump, P ^ 

nor too minu«i. 


roots It IS cut through near its attachment 
to the parent stem, and grows into-<>r 
ind(^ is already — a. new plant. 
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ii If into hundreds of new and 
f orc.niiMns, is indeed hard to destroy. 
Uj hyd .'id Clava, which norm^Iy 
L separate, it has been found 

11“ , r . 


,le to ni hermaphrodite individuals ; 
^ill soioi times grow out of the ccll- 
i foriiii ci when a male and a female 
dual an sieved and dissociated to- 

[iicial reproduction is possible even 
nd/veri( t)rales, though only in their 
St slaves A fertilized newt’s egg, up 
time when it forms definite cell- 
(«aii lie constricted into two parts 
fine hail, and each of the two halves 
survive and grow into a whole newt : 
an produce artificial twins. If we 
but get ill the earliest stage of our 
levelopim nt, doubtless we could equally 
persuade a human egg to do at our 
dial It ()(•( asionally does at its own — 

> into two and give rise to identical 


A .\olf on the Regeneration of 
Lost Parts 

turn nou to a series of phenomena 
are not in tiiemselves reproductive 
liieh are vi‘r\ evidently related to the 
ini/ation ol' detached bits of one 
dual to firm others, which is the 
ial n'produclivc process. It is an 
)-lainiliar fact that if we lose a limb or 

I tooth or finger, we cannot replace it ; 

II the cieatures with whom we have 
lay dealings suffer the same limitations, 
l, Mr. pAeiyman would be likely to 
that the rapacity for regeneration was 

tlie poinh which separated animals 
plants. J'his was firmly believed in 
igliteenth century; and when the 
Irembley discovered the little green 
hydra, and was at a loss to know 
r It was an animal because it moved 
pant because of its being fixed and 
and flower-shaped, he used rcgcncra. 
u test. If he cut it in half and it 
ycd It would be a plant ; if it did 

irbo h ’V" 

-holes H ' «Kenerated into perfect 
over common-sense pre- 

jest U ^'ving prey, swallow 

animal wh ■ ‘‘ 

in? fr t«g:eneratc. 

N«n h found that 

1 ) no means a rar© or 


i isolated phenomenon in animals, that 
worms can grow new heads or bodies, 
y lobsters and crabs r»)laiOe a missing leg 
1 or feeler, and even air-brealhmg vertebrates 
; such as newts regenerate limbs and tail. 

- Regeneration in action still remains one 
: of the most striking spectacles which biology 

- can offer. A good-sized lobster loses its 
claw ; and at successive moults we see a 

i little bud of tissue grow on the stump, take 
r shape, become formed into a miniature new 
) claw (still wholly useless for the big creature 
■ on which it is^growing), and enlarge step 
5 by step until the animal is once again 
i completely quipped. A newt has a leg 
bitten off; it, too, will bud out a whitish 
; lump from the cut surface, the bud will 
elongate - and constrict itself into joints, 
bones and muscles will form inside it, 
and toes sprout out at its end, until the newt 
has achieved what is impossible to us lords 
of creation. It will ’restore just what was 
lost, and no more : if only the hand had 
been bitten off, jf>e bud will turn into a 
new hand ; if the bite was at the shoulder, 
into a whole new limb. 

We take a planarian worm (Fig. 92), 
and cut a small oblong out of its body. 
The fragment cannot eat, for it has no mouth. 
And yet it throws out an army of new and 
active cells on both its new frontiers, and 
th(»e, dividing and growing and differ- 
entiating at the expense of the rest, form 
themselves into a new head and hinder end. 
At first these new parts are too small for 
the l)ody ; and accordingly remodelling 
goes on not only in th«e new-produced 
regions, but in the original fragment as 
ivell. They grow, it shrinks ; and both 
they and it change shape, until in place of 
the original helpless fragment there is a 
new and well-proportioned little flatworm 
(Fig. 161). 

Regeneration is so queer and unfamiliar 
a process to the human investigator that it 
was thought at one time to be a special 
protective device evolved by creatures which 
arc particularly exposed to injury. It was 
supposed, for example, that newts, being 
peculiarly liable to have their limbs bitten 
or tom off, had therefore evolved diis 
wonderful aptitude for re-giowth in ozder 
to save themselves from extinction. But, 
as a matter of fact, regeneration is a very 
surprisingly widespread thing. Moreover, 

It is apparently a primitive thing, a pow^ 
possessed by all the simplest forms of Mi^ 
and one which we have lost, not one th at' 
thcf newt and the lobster and the 
have gained.- 
' ' ■ v ' ' ' 
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Worms, polyps, sponges, and so forth, 
arc capable, we have seen, of total regenera- 
tion. Fragments of the body, tom off, 
can build up a whole new individual. 
It is evident enough that this power is 
related to sexless reproduction ; both arc 
aspects of a tendency which primitive 
living matter has of rebuilding and reorgan- 
izing itself. As we pass the Animal King- 
dom in review, turning from the simpler 
to the more complex, we see that the abilities 
to regenerate and to reproduce asexually 
fall off as the body gets nfbrc elaborately 
specialized. A newt or a lobster can 
regenerate limbs, but not much more than 
that. We ourselves can regenerate very 
little. The healing of a wound, the growth 
of new skin over a cut, the setting of a 
broken bone, the repair of a torn muscle 
or tendon — these are the last vestiges in our 
own bodies of this strange regenerative 
capacity. This is all that remains to us 
of the reproductive power that can make 
the severed flatworm into two individuals. 

§8 

Grafts and the Chimara 

Man, we noticed, can do curious things 
with the normal rhythm of life. He can 
imitate fertilization and sexless reproduction. 
We turn now to an even more striking 
interference — to the mixing together of 
organisms of different kinds to form one. 

It is well known that branches of plants 
can be grafted on to other plants, and that 
they will take and become one flesh.” 
But grafting is possible with animal tissues, 
too. 

John Hunter in the eighteenth century 
succeeded in grafting a cock’s spur and a 
piece of chick’s leg into another fowl’s 
comb, and had the satisfaction of seeing 
them continue to live and grow. Almost 
any organ of an embryo or any young and 
soft-bodied animal can be grafted anywhere 
else on the anatomy of the same or another 
creature of the same kind, and will “ take ” 
and grow. A tadpole’s growing limb or the 
regenerating leg-bud of a newt will grow 
after grafting on to the head or the flank, 
and will sprout out toes and turn into a well- 
formed leg quite happily. An eye-rudiment 
taken from one salamander embryo and 
stuck on to the flank of another grows into 
a normal-looking eye (though, of course, the 
animal can never see with it) and will even 
change its colour and shape, as do the 
an^ipars own eyes when the host changes 
from tadpole to land-salamander. And 
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with very young embryos, whole' r( 
even whole animals, can be grafit'd. "n'*’ II 
tadpoles stuck back to back or beliy i! ?! 
have been artificially produce d a ^ 1 
feed and grow and turn into bouble 
Moths too can be grafted while 
chrysalis stage, and each parf 
growing in its appointed way. t 
means the most bizarre monsters 
created, such as two tail-ends joined^*"^ 
middle, or a tandem mbfh with 
of wings. 

The intimacy of union effected by erafiiJ 
is shown very vividly by the mutual 
of scion and stock in grafted plants. laJ 
cal apple-stems, for example, grafted 
different root-stocks behave very differe d 
For one thing, the colour and size of 1 
scion’s apples are modified by theroot-stj 
On one stock, the scions show quick J 
but fruit sparingly and late ; on 
they fruit early and well but stay ^ 
and some root-stocks seem to promote boj 
rapid growth and heavy fruiting, 
degree of the stock’s influence in thwe 
seems to depend on the place of grafS 
The more of the stock is left above-grou/ 
the greater its influence. These and oS 
mysteries are being investigated by sJ 
research stations as that at East Mailing 
Kent, and the results are already provJ 
of great commercial value by helping app 
growers to standardize their crops. 

But the most extraordinary facts conn 
the making of one individual organism 
of two ; and the manufacture of compoi]| 
creatures or chimaeras. To make two 


vidualities coalesce into one, it is cal 
to work with eggs or very early emb™ 
For instance, if the fertilized egg of a new 
removed from its enveloping merabrf 
it elongates into a dumb-bell shape 
first division. If one such dumb-bel| 
lifted and placed across another, the 
adhere and the united mass may turn 1^ 
single but double-sized embryo. 
the eggs come from different speag 
newt, the united psur may be r 
into a single whole, which m 
merits the title of chimacra, m 
quadrants alternately made ot 
from the one and the other species. 

In making graft-experirnents wi ]3 
frog or newt embryos, it is als< 
unite bits of different species, 
compound tlidpoks» made , y 
of one kind of mog-embryo an J p 
of another, have been put 
even i^redtht^h their 

b^me youns 


fisibl 
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tut the clnnax is 
ched in limits ; 
in them not only 
1 such sidL‘-l)y- 

e patchworks 

but, even 
ong the highest 
ups, loinposite 
anisms tan be 
iducecl, nnide up 
I skin of one kind 
plant enclosing 
me belonging to 
other kind, 
netiines these 
ingc chiina’ras 
;c spontaneously 
111 the junctional 
ue where a graft 
s been made, 
e ornamental 

111 ) Cytisus adamu 
’ll cultivated in 
dens, apparently 
se in this w^ay, 

1 consists of a 
11, one t ell-layer 
:k, of the purple 
loni, Cytisus pur- 
ms, over a core 
the ordinary 
low lahuinum, 
'isu\ labuTvum. 
casiorially one of 
parts gets the 
:)cr hand : the 
e bursts through, 
kes a hud and 



Above^ slices^ seen under the microscopet through petals of the common Tellow Laburnum {left)^ 
the Purple Broom (Cytisus purbureus), right, and the graft-hybrid between them, Cytisus 
adami (tmtre). The surface cells of the purple broom are coloured purplish (shaded)^ iTwse 
of the li^urmm are yellow (dotted), with occasional patches of brown cells (heavily dotted) 
uwch give rise to the dark streaks on the petal. Cytisus adami consists of a skin qf purple 
one layer thick over a core of laburnum. A sprig of each kind of plant is drawn below. 
The laburnum spreys have large yellou^wers and are pendent ; those of purple broom stand 
up and have smalm purple flowers. The graft-hybrid hof pendent sprays with mediwn-siged 
light purplish flowers. 

'ter, bushy and purple- medlar (Mfspilus), have sometimes given 
pureus. Such hand-in- rise to branches consisting of a core of 
ossible even between hawthorn with a tissue-glove of medlar 
^nera of plants. Old fitting over it. 

Cralagm), grafted with Recently a way has been found for 


strong-built, 

1 0 w - fl 0 w (’ r i n g Above, slices, seen under the mii 

itnch of pure Purple Broom (Cytisus pt 
urnum results • (centre). The surface c 

A- , 1 ’ of the laburnum are yellow (d 

sfiouldcrs which give rise to the dark stre 
out of its ^oom one layer thick over a con 
^Per share in ^^bumum sprcfys have larg^ 
d , a n d t h e r e ^ smaller purple flow 

a branch of 

^ difoe", Character, bushy and purple- 
'Ve Mpureus. Such handtin- 

ucs of !vfY possible even between 

cks of genera of planU. Old 

hawihorn {Craiagm); grafted with 


Fig. 163. A Plant Chinutra, 
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manu&cturing chimaeras at command. 'Die the cut surface new AhS buds ar 
stem of one Idnd of plant (tomatoes and and a certam proportion « these g 
other species of Solamitn have chiefly been and<orc chimaeras, or graft-hybnds 


celUa 


appearance 
accordingly, 
The growth, 
rales of the two 
components 
may be differ- 
ent ; and in 
such a case the 
graft-hybrid 
will either have 
a stretched, 
tense look, or 
its leaves wiE 
be all folded 
and rucked up 
because their 
skin is growing 
too fast for 
their central 


that, wheth 


Fig. 164. The Continuity of the Generations. 


hether it ^ 


i 


[ The little jellyfah Syncoryne ha$,iU mouth on the end of a long proboscis, frm whiek it buds tff betwe 

new jelly-fish wldch are eventually liberated to gxow up and repeat the process. ^ 


used, but it has succeeded with other plants 
such as poplars) is cut across obliquely, 
and the top of Ac stem of another species 
graflt^ on. After Ac two have united, Ac 
stem is out straight across the joint ; from 


and Ac next, tte individual is a de a 
bit of its parent % 

Weismann, ^ great 
pointed out in |l|i« |at^ ^ 

century that ^ 
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his ch 'ijen generally survived the rest 
Ar 1 a small part of him, growing 
era!. Ichildrcn, survived still longer, 
ed unh s a man is childless, he does 
wholly • A bit of him, part of his 
substanre, is handed on, generation 
genera t i * ^ n , for ever. 

r this in) mortal bit of the organism, 
is to livr on after the rest is done with, 
mann corned the phrase gem-flam. 
et it in contrast to the rama, wWch is 
nortal remainder. More than 99*9 per 
by weight of the reader is soma ; a 
on of an ounce of material in his 
or her ovaries is germ-plasm. The 
is the individual who will live and die ; 
erm-plasin may go on indefinitely, 
e germ -plasm is potentially immortal, 
ration afur generation it lives on, 
ting out bodies to house it and feed 


It and keep it warm, driving them widi 
strange appetites and lusts so tlwt it may get 
release from th«n and start again. Clearly 
it is the germ-plasm which evolves, not the 
ephemeral individual bodies that it throws 
out. The horse evolution Was a slow 
modification of equine germ-plasm ; the 
Micraster evolution a steady change in sea- 
urchin germ-plasm ; man's rise from the 
apes is also a stir in the germ-plasm. 

For in a sense there is only one germ- 
plasm.^ Presumably life had a single origin ; 
the living things we know to-day arc diver- 
gent branches of one stock, twigs of one tree 
of germ-plasm. In the frame of space-time 
there is actual material continuity between 
Mr. Everyman, his wife: his cat, and his 
aspidistra. 

On the workings of this germ-plasm we 
must for a while concentrate our attention. 
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§ • 

How Our Cells Multiply 

W E are now going down into almost 
ultra-microscopic mysteries. We are 
dealing with things quite outside and quite 
unlike the ordinary experiences of Mr. 
Everyman. Any analogies we can draw 
from the incidents of daily life are likely 
to be misleading. And yet what we have to 
tell here is among the most fundamental 
stuff of Mr. Everyman’s life. All his innate 
character, all that much of his personal 
destiny, is determined by these hidden, 
microscopic, inhuman interactions we shall 
now detail. What we have to set forth, 
indeed, takes the place in modern knowledge 
of the dark spinning of the Fates. It is 
impossible to grasp modern concepts of the 
development and destiny of life unless a 
broad understanding of this, the funda- 
mental texture of the life-process, is attained. 

We have already made it clear that all 
living things take their origin in pieces of 
living substance detached from the bodies 
of other living things. This can now be 
extended by another statement— that every 
living cell arises from a pre-existing cell. 

There are a few organisms, it is true, such 
as the slime-fungi and some seaweeds, in 
which cell-boundaries are lost or never 
developed. They form an exception to 
the statement more logical than real. 
In the overwhelming majority of organisms, 
reproduction results from a continued 
division and growth of cells. Each of us 
originated, as most of the living things we 
know originated, from a single living egg- 
cell. That cell divided itself into two, and 
then into four, and then into eight, and so on 
until every one of the millions of cells in our 
bodies was produced. Cells are never 
generated independently, never (as was 
once imagined) arise spontaneously out of 
some formless matrix, any more than whole 
animals or plants arise spontaneously from 
formless slime or decaying corpses. That 
is why, in order to understand ^wth and 
reproduction, we have to think in terms of 
cells, and to study their methods of multi- 
plication. 
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Let us turn back to the first chapter j 
Book I, when we watched the creen’ 
movements of a single mammalian cell in ^ 
of Dr. Strangeways’ tissue-cultures ° 
saw then that the cells multiplied, a 
tozoa do, by tearing into halves ; let us no 
as carefully as possible the details oftl 
process. 

From time to time one of the cret 
cells can be seen to stop and to wiihdii 
its temporary limbs of out-thrust prot 
plasm until it is a rounded blob. It j 
about to divide. Soon preparatory chang, 
are evident in its interior. I’hc nuclei 
has hitherto been a clear globe with one 3 
more slowly stirring nucleoli inside it, 1 
now the nucleoli disappear and at 
same time a swarm of faint grey granul 
looms into view. The granules come ti 
gether to form a mass of thin threads, i 
longer, some shorter. These begin to t 
and wriggle, more and more actively, il 
the whole thread-mass looks, in Dr. Siranj 
ways’ words, “ like eels in a box. ’ Tl 
the writhing slows again and the thra 
shorten and thicken until they 
stubby rods. ^ 

These bodies, at first writhing threads aj 
then stubby rods, are called chmom 
they play vitally important parts in ( 
lives. 

Meanwhile, the boundary of the nudi 
has disappeared, so that its contents 
with the cytoplasm; and two cental 
activity have appeared at either end ( 
cell, from which dim grey fibres sprea^ 
like the lines of force between two map 
The star-shaped ends of this fibrous 
arc caUed the asters, the central p 
spindle, from its shape ; and it « uc J 
spindle’s equator that the chronio! 


now take ,dp their posts. - - 

stoge talaai about V"- "I!, nuclfli 
first appearance of granule m . 

The Ganges that we have just 
have been proMuatory to the < 

which now *L‘tnto tear> 

each chrotnoMWC can he ^n t 
its length, and Ac two ha v« ^ 
apart towards A* ,■**«’ the " 

in anoAcT' t'* 


To reach 



the mechanism of inheritance 


completely separated into two 
at 1 Mcan- 

’le the f II has elongated, and now begins 
how a (range activity. All over its sur- 
little l)i-bble-likc outgrowths are thrust 
[hancl aber a few seconds drawn in again, 
that the ()])server is reminded of boiling 
eh 1 hi'' goes on more and more actively 
about SIX minutes. Then abruptly a 
■gt appeals, dividing this boiling cell 

0 two luii\'cs. They move straight away 
ni each other, as if mutually repulsive, 
til they t('ar the final connecting strand ; 
>n having won their freedom, they calm 
^vn and begin wandering about in the 
lal way. Meanwhile, round the chromo- 
ne-bunch m each cell a clear zone forms, 

1 a ineniljrane round this ; the chromo- 
nes grow hazy, they swell and become 
nsparent, and so an ordinary resting 
cleus is t)roduced. The actual process 
mitosis, as this type of cell-division is 
led (from the Greek for thread, with 
ereiicc to the thready chromosomes), 
:es about half an hour, and the recon- 
Liction of the nucleus one to two hours 


if the cells are killed and stained, further 
tails are revealed. The chromosomes are 
ri to differ from each other in shape and 
m, their longitudinal splitting is more 
arly visible, and two little dots are re- 
lied at the centre of each set of radiat- 
t fibres. These dots arc the centre bodies 
centrosomes. Their activity in a few 
iiuies conjures up the spindle and its 
r-shaped anchoring ends, by means of 
lichthc split half-chromosomes arc guided 
their destinations. What can be the 
aning of these strange manoeuvres, this 
)aroxysm of activity,” as Strangeways 
Is It ? It cannot be for nothing that the 
cleus abandons its ordinary task of 
Itilating the cell’s chemistry, dissolves its 
n boundaries, and generates this cohort of 
|ng chromosorne-threads ; not for nothing 
ese threads are divided along their 
ow ength, and that the centrosomes fill 
^ tackle of microscopic ropes 
4orTed!^ ‘ *’®lf-chromosomes are 

feature of the process 
soon of the chromosomes, 

scribed i accurh'tely 

fte form nf ’ Something cxisteo 

i>e-like b,. 1’'“® along the chromo- 
'»tu naKM ‘>*cn this 

'laJd ensure that each 


daughter-cell inherited a complete set of 
these essential somethings. 

To these somethir^ we shall very shordy 
return. Let us remind ourselves once more 
that when growth takes place in our bodies, 
whether it be an increase of the whole 
body, or the thickening of a muscle as a 
response to regular exercise, or the growth 
of new skin on a cut, that growth is due 
to the active proliferation of thousands of 
tiny living cells. At every one of the 
divisions of these cells, mitosis takes place. 
At every division there is this sorting out of 
the chromosomes, this jealous and accurate 
sharing between cell and cell. 

§ 2 

How the Gametes are Formed 

But there is one important exception to 
the statement made at the end of the last 
section. Most growth-processes are indeed 
as we have described, but there is a peculiar 
difference in those processes which are 
conterned with the formation of sperms and 
egg-cells. 

In the normal process of cell-division, we 
noted, a little bunch of chromosomes appears 
in the nucleus. These escape into the body of 
the cell when the bounding membrane of 
the nucleus breaks down and they arrange 
themselves at the middle of the spindle. 
Each of the chromosomes then splits into 
two, and half of it goes to each end of the 
spindle. Thus the chromosomes are equally 
divided between the daughter-cells ; each 
daughter cell has the same number of 
chromosomes as had the original cell. 

This question of chromosome number 
is very important indeed. Every cell in the 
body has a definite and fixed number of 
chromosomes. Moreover the number is 
characteristic for the species. Every one of 
Mr. Everyman’s cells has in its nucleus forty- 
eight chromosomes ; Mr. Evcrymousc’s cells 
have forty ; and so on. 

Now for the exception. During the 
formation of sperms and eggs there is an 
im^rtant division when the chromosomes 
behave differently. Before arranging them- 
selves on the spindle, while they are still 
writhing about like in the nucleus, they 
come together in pairs. Then the pairs 
move on to the spindle. When the sorting- 
out begins, the chromosomes do not div^e 
into glaives, but the pairs simply separate 
again, one member of the p^ going to 
cither end of the spindle. Thus each of the 
daughter-cells has only half the numb^ rf 
chromosomes possessea by the origind cclL 
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fertilTzation 


i()f). A .summary in diagram form 
w the cfnomosome outfit is handed from 
(tenet (ilwn to the next, as explained in 
the text. 

IS \ui>pou'(I to hare three pairs of 
lomns, 'llw events occurring in the male 

ookiiiir 11101 (' closely into the matter 
Hiicl that ('Very cell of the zygok! 

(with certain exceptions to be 
a in the next section) has a double 
nl these precious chromosomes, 
in spixies whose chromo- 
f's vary m shape it can be seen 
y nuclei have each of the kinds 
^plicate. In the fruit-fly Droso- 
' mimosa, Ur, for example, each 
us romams a pair of very little 
y chromosomes, two pairs of 

ntout straight rods. (This, by 
‘‘y. IS only strictly true of the 

»how a siiAt 
'ter on 'Lx')' discussed in the 

^^oubl'e''srr™.®“‘^ cgg-<^ arc formed 



... •’te s( , 

egg<eU 


‘S separatwl into two single 
" Fruits 


are on the lefty and the female on the right ; in bothy 
the chromosomes derived from the animal's f either 
^e indicated in blacky from the mother in white, 
occurring in the offspring an npnmUd 
below. It IS a curious fact thaty out qf every four 
po^Hal eMS produced in the female y threcy the so- 
called Polar Bodies, are small and degenerate^ 
while only one is ft for fertUization, 

two longer V-shaped chromosomes, 
and one of the stout rods. When the 
sperm and egg-cells unite in fertiliza- 
tion their nuclei join, and thus a 
double set is founded again for the 
resultant individual. It gets a set 
from each of its parents. Now what 
is the meaning of these facts ? 

We know as a matter of everyday 
observation that a child or a young 
animal or plant is just as likely to 
take afrer its father as its mother. In 
some ways it will be like one parent, in 
some like the other. And yet the 
contributions of mother and father to 
the ofl&pring, the egg-cell and the rocrm-ccll, 

arc M different as two cells could w^ be. Tlic 
one is enormous and inert, the other ceaselessly 
active and exceptionally small. In one 
respect, and in one respect only, are the 
bequests of father and mother altlm : each 
provides exactly half the nudeut, eaaedy batf 
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the chromosome-outfit of the new indiyidual. 
Here, then, we detect the only possible ex- 
planation of the fact that fathere and mothers 
influence the constitution of their off-spring 
in roughly equal measure. The chromosomes 
are the material basis of heredity, the vehicle 
by which the characteristics of one generation 
are handed on to the next. 

This conclusion was arrived at provision- 
ally, based as we have based it on a study of 
the chromosomes themselves, long before 
Genetics became an exact science. To-day 
it has been tested and proved beyond 
reasonable doubt. It explains at once why 
every kind of creature should have its own 
characteristic chromosome-outfit, and why 
it should be so elaborately and delicately 
handled. The very word “ chromosome ” 
is still comparatively unfamiliar to the 
general reader — as unfamiliar as was 
“ atom ” a century ago or “ electron 
twenty-five years ago. But the importance 
of atoms and electrons as the ultimate 
bricks and units of all matter is so great 
that they have now forced their way into 
everyday speech. And chromosomes will 
do the same, for they are no less important. 
These litde flecks of viscid protoplasm, so 
small that they can only be seen with the 
highest powers of the microscope, are the 
bearers of hereditary destiny. Following 
the laws that we are about to examine, they 
form our bodies and our characters. Each 
of us human beings is what he is, himself 
and no other, because of the particular 
outfit of chromosomes with which he was 
equipped at fertilization. 

§5 

Chromosomes in Plants 

In the next chapter we shall study this 
hereditary function of the chromosomes more 
closely. But before we do so we must turn 
aside for a moment for the sake of com- 


pleteness and discuss the state of affa* I 
plants. 


We have described the manner in 




the chromosomes of all the higl^ r 
behave. There is a zygote stage, the ^ 
that we see and know, which is diploi(f I^ ■ . 
alternates with a brief gamete sta^c wK; r ? 
haploid. In plants there is a soniA, l ^ 
different rhythm. 

In Book 2 we discussed the phenomen 
of Alternation of Generations in the 
able kingdom. We saw that in ( 
lowly plants, in mosses and ferns and the 
there is a regular alternation between'’ 
spore-bearing and a gamete-bearing genera! 
tion . We traced the alternation upwards and 
saw how in the higher plants the latter phase 
had been very considerably abridged, but 
how it still nevertheless existed. The two 
phases also differ in their chromosome 
constitution. The gamete-bearing phase! 
whether it is the moss-plant or the litil ’ 
leaf-like fern prothallus, or the pollen-grali 
of a higher plant, is haploid ; the spor^] 
bearing phase, whether it is the spore- 
capsule of a moss or the main part ofafei 
or a flowering plant, is diploid. Th( 
reduction-division occurs during spoi 
formation. 

In the higher plants this cycle does nc 
differ very markedly from our own, fo 
both the diploid stage is long and the hapk 
stage is brief. The strange contrast is 
the mosses, where the principal stage in 
life-history is haploid. 

In the simplest animals and plants tht 
are curious jugglings with the chroinosoi 
cycle. For example, in the red seaw( 
in the green threadlike alga Spirogyra, 
the exquisite little single-celled Desmic 
and in the parasitic Sporozoa, almost t' 
whole of the life-history is spent in the hapk 
stage, the diploid stage occupying but a fe 
minutes. Reduction occurs at the 
division after fertilization. 
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Vie Dipfent Kinds of Variation 

"'HE word “ variation ” covers a diver- 
sity of itisiances. And it needs watch- 
if wc aiT In escape the logical traps due 
its shifting implications. For example, 

progeny 


of a fancy mouse are born of 
ers colours and patterns ; that is variation, 
lie are l«‘d well and some badly, sojhat 
come to difler in size and vigour. 

1 also be called variation ; 


That 
but it is a 
Ffiriil sort of variation, A pure-breeding 
fiiii of sweet-peas • suddenly throws a 
boil," a new colour or shape, and the 
Hbim may he known as a “variety” 
|ai is to say, a variation). The word is 
Identlv a general term for many widely 
jereni things ; it is not a technical term, 
in the past this breadth of meaning 
been responsible for much confusion 
thought in discussion of heredity and 
|lutionary change. 

order to nnike the point clear we shall 
llyst variation as it appears in a particular 
Icies. Eoi this purpose the bean-plant 
|dmiiably suited. The bean-plant differs 
most plants and animals in that it 
Imally and regularly fertilizes itself, so 
there is no mixing of two heredities 
't> new gcneiations arc begotten. Each 
t has only a single parent. As we shall 
|cntly see, inbreeding results in a uniform 
'n, so that in the bean we can be sure 
<|tty plant has exactly the same hereditary 
tttution, exactly the same chromosome- 
Jts p<u cnt. In biological language 
‘IJ'Pttnt, Us parent, grandparent and 

I drtf!, children, grand- 

sBok(^ /^’^ ‘^‘P^ndchildrcn, and so on, 
i all ^ as a pure line because 

Ked ^ T inward constitution, 
tJiichangcd from generation to 
they vary, wc know that 
m)mes not from innate, but 


it 


station. It 
Variation 


from external causes. The sort of variation 
that comes from the inward constitution we 
call “ inherited,” the latter “ environ- 
mental ” variation. 

The results of a classical series of experi- 
ments on beans were reported by Johannsen 
early in the present century. He started 
by trying to mexiify the hereditary con- 
stitution of a pure line by selection. The 
character he selected for experiment was 
weight, because it is accurately measurable 
and because it is of practical importance. 
His first step was to grow a number of beans 
from a single plant. Then, after the seeds 
had been weighed, the heaviest and the 
lightest were taken as the beginnings of 
two lines, the lines of plus and minus 
selection. The plus line arose from the 
heavy seeds ; and in all further generations 
was again continued only from the heaviest 
beans, all the rest being rejected. And the 
minus line received the reverse treatment. 
But originally they were started from brother- 
seeds, picked from the same pure stock. 
The biggest brothers were bred from these, 
and the smallest. 

One would expect that this would have a 
marked effect upon the course of events, and 
that the average weight of the beans of the 
plus line would go up rapidly, that of the 
minus line as rapidly decline. But, as a 
matter of fact, nothing of the sort occurs. 
Whichever way the selection was made, 
the average remained the same, generation 
after generation. These results can only 
be interpreted in onS way — that the varia- 
tions in size seen among the beans of a single 
plant have, in these experiments, nothing 
to do with heredity. Their origin must be 
sought in the conditions to which they were 
exposed during their formation. The 
position of the bean within the pod ; the 
position of the pod upon the branch ; the 
position of the branch upon the main stem ; 
the amount of light received by the branch 
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— these and other factors cach|pf them 
Scert an influence upon the size of individual 
beans. When all the separate conditions 
happen to be favourable, the bean will be 
exceptionally large ; when all are unfavour- 
able, exceptionally small. But neither the 
help nor the hindrance has had any effect 
upon the actual constitution within. When 
the bean is sown it is its interior constitution 
which asserts itself, not the accidental excess 
or defect of its weight ; and the new plant 
develops as do all other plants of Aat particu- 
lar constitution. Its inner destiny was not 
altered by its own good or bad fortune or 
by the favourable or unfavourable con- 
ditions in which its parents liv^. 

In addition to the variations in size among 
the beans gA a single plant, or on all the 
plants of one and the same strain grown in 
the same plot during one season, the average 
size for different seasons may vary, and ato 
the average size for beans of the same strain 
grown under different conditions of culti- 
vation. But these differences too, when the 
same accurate methods are applied to them, 
reveal themselves as non-inheritable. 

Here are environmental variations due 
to the outside influences acting on the plant ; 
they have nothing to do with heredity. 
Warmth, light, moisture and so on are 
moulding the individual plant and the 
individual bean without having any effect 
on the germ-plasm within it. The germ- 
plasm keeps at the point from which the 
individual started. 

This much Johannsen, working from a 
single bean, found. But when he compared 
the offspring of different original plants 
that is to say, members of different pure 
lines— he found another face upon things. 
In the first place, many different pure lines, 
each with its own charactcmtic average 
seed-weight, could be distinguished. Plants 
of different pure lines were grown side by 
side under identical conditions and yet they 
would continue to produce beans of different 
average weight. The differences in such 
cases obviously depend upon differences 
between the hereditary constitutions of the 
strains. Commercial lots of beans will 
consist o[ the produce^f a number of pure 
lines mixed together ; accordingly, if we 
start with an ordinary bean-field, #and start 
selecting for seed-weight, using, let us say, 
the heaviest five per cent, of beans product 
in each generation as the parents of the next, 
we shall raise the average seed-weight of 
our stock rapidly. But we shall do this not 
by changing the maximum weight of any 
line, but by climinafing the pure lines of lew 
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seed-weight Of the mafiy original J 
lines we shall finally be left with but one^ 
one of highest average §eed-v eight a 
after this, our selection vdll cease to 1/ 
any further effect. Here then is a sJS 
kind of variation, due to the inherit^ 
stitution of the lines and independent” 
outside influences. ^ 

It is clear that the size of any single y 
will depend upon the interplay of iw 
dencies, the inner and^ the outer. Its ^ 
chromosomes will be 'at f work, tending i 
make it grow to the family size. The am^ 
of sunlight and warmth and moisture 
which it is closed will ^ve a modtt 
controlling effect. And its final size^r» 
be a resultant, a balance of the two sets 
influences. 

This is obviously a fact of general appl 
cation. We may call the individual 
Everyman, as well as Mr. Everybean, : 
result of Ae interplay of his chroraosoit 
outfit with his surroundings. The biologii 
is often asked, “ Which is the more importao 
environment or heredity ? ” And he ca 
never answer the question, because it hj 
really no meaning. It is like asking whk 
is the more important, the bat or the ba 
in making a hit. Neither heredity im 
environment is the more important— becaii 
both arc essential. The best constitutio 
in the world, of bean or man, would com 
to nothing at a temperature 50" C. low 
or 50® C. higher than usual. And notevt 
the best imaginable conditions could force 
wild bean to yield seeds as large as those < 
a good cultivated variety, could make a 
Afiican pigmy grow six foot high, or m 
a mcntolly defective child into a matlii 
raatician or a successful lawyer. 

We turn how to a third kind of vanatM 
We have written as if the germ-plasm 
absolutely fixed and unalterable in ® 
pure lines. And indeed heredity is 0 ^ 
very essence a conservative force. 9 
back to the oW, old story. ^ 
beans, dogs beget dogs, men 
generation after generation. ® ^ 

is not absolutely stable. 
is ever so sl^dy »e»^«® ! ,ltenalitl 

then and changO, and the ^1^ 

As we shall mate plam m a latw ^ 

these sdterationi are oh 

for thw provide ilte rew ma 

Evolution wotltai ...rrvine o'** 

Twice, “SU « 

el^xirate a change, 

'did 



/■i; 






F MINUS SELECTION UNr OF. PLUi 

6 . A diagram ofJohannserCs experiment on selection 
in a pure line of beans, 

line mdrr sUmdmd conditions produces seeds ranging from 
twelve nmh of weight. From this, two lines are started^ a 
HI \cle(twtu bird on/yjtom the heaviest beans ^ and a line of 
'(cim. bied onlyfwm the- lightest beans. In neither case does 
■twii have any tc^ull on the average weight of beans produced. 


Fig- 167 . Different lines may differ in aoerage 
seed->weight. 

hue such different pwe lines are here set forth in diagram 
If you mixed seed from thefae pure lines and s^dit 

your plot would gif. ^ rurdl of seed-weigTsSU 
tn the lower row. 
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Figu 169 . Bionsmi^bg 
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each occasion, the progeny of one bean 
gave an average bean-weight a little different 
from that of the pure line to which it 
belonged. In one case the new beans 
were %hter, in the other heavier. Though 
the difference was not great, it was constant 
in the resulting strain, generation after 
generation. Something had happened in 
the chromosomes, and the germ-plasm was 
permanently changed. This kind of varia- 
tion biologists call mutation. Mutation is 
here a scientific term, and not an ordinary 
word ; it is the special name for a variation 
of the germ-plasm itself. 

In the following chapters we shall analyse 
further the worfing of the chromosomes. 
We shall sm how they wrestle with their 
environment and with each other to build up 
the organisms. We shall learn more of the 
appearance of mutations. But before we 
leave our beans let us pause for a second 
and point a moral. For they teach us 
something about method. They show the 
value of experiments with individuals as 
opposed to experiments where a number 
of random individuals are treated together 
and their produce averaged. If Johannsen 
had worked with a handful of commercial 
bean-seed lumped together, it would have 
appeared as if selection did produce a 
hereditary effect ; and the fact that single 
mutations occasionally cropped up could 
never have been established. • 

It was precisely a realization of the value 
of this same individual method, which, 
together with patience, clear thinking and a 
certain good fortune in the choice of material, 
led the Abb^ Mendel to the discoveries on 
which is based all our modem and inti- 
mate knowledge of heredity. With those 
discoveries our next section will deal. 

§2 

The Discoveries of the Abbi Mendel 

The pure line experiments tell us a good 
deal about what is not inherited, and about 
the precautions needed in making experi- 
ments on inheritance ; and they make it 
clear that what is inherited is something very 
definite, capable of remaining unchanged 
over a long series of generations. The 
microscope has, moreover, made it practi- 
cally certain that the hereditary constitution 
is contained in the chromosomes. But 
neither pure line experiments nor micro- 
scopical observation tell us anything import- 
ant about the actual nature and composition 
of this inheritance. The clues to that 
problem come from another direction ; 
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Mendel and m a quite 
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ruon. 


Ay 


The story of his jUsotv,^ and it. 
half-a-century’s oblivion is a stra "“"I 
how, working through a sequr nc!?*?'*' 
in his monastery garden at Bmn 
upon vital facts as regards inhei^i ^ 
peas, and propounded equally vie,! .?”* 
to account for them ; how, in .oN 
published his results in the ordin. ^ 
and was surprised at the scant ^ “ 
pmd them ; how in attempting t„ 
his ideas to inheritance in other 
such as hawk-w^, he met with diffib 
wbch he could not overcome-di3 
which we_ now know were due to ah„!!l 
reproductive behaviour in these phnT^ 


'sry y 


iniij 

papers 
importance 


not to any defect in his thinki 
died, a perplexed and disappoints^ 
how, in 1900, three botanists, sea3 
through old scientific periodicals for y 
bearing on their own researches ^ 
pendently came across his 
immediately realized their 
how the enthusiastic discipleship of ProZ 
Bateson led to the world-wide recognition 
his work ; how it was taken up and tesft 
by a little army of investigators in cve 
civilized country ; and how his princip 
were speedily extended until we now recc 
nize that almost all inhcritancej 
animal, and human, is Mendelian. 

The intensive study of heredity, whi 
owes so much stimulation to the rediscovj 
of Mendel, is usually called Genetics 
its devotees are spoken of as Geneticists. 

The expansion of knowledge in this 6^ 
has been so rapid, and the opposition 
new ideas from many biologists who hj 
been concerned with other branches of M 
science Eas been so great, that the exlj 
of the change wrought by Mendel’s 
is still perhaps not fully appreciated by 
world at large. It constitutes the r 
important single step forward taken 
biology during the last half-century, 
has die same fundamental important 
our understanding of heredity andevoly 
as had the cell-theory for our underst^ 
of the construction and reprodueflM 
organisms ; or the atomic theory » 
understanding of matter and its c 
transformatioiw. To-day j 

atom is ttadctgoing profound revia^ 
its share in itic development of sc 
been oi funttot^ptal importance. ^ 
we can still critidze our 
“ cell,” and all biological wor ^ 

that stilWc^Wpiog conception. ^ 

ccU-thcpfy or 



. ,how.i that what wc were used to think 
! «nirlf indivisible wholes arc mi rcahty 


josed oi fliscrete and definite units, and 


't^the {)i‘^pcrties of the wholes— in this 
;e the hi icciitary constitutions ^of animab 


d plants 


I ( Suit directly from the particu- 


Vombination of their component units. 
\ccordii\< to the atomic theory, the 
)ni.units of matter persist unchanged 
ough all ihc strange material transforma- 
ns whicli occur in Nature or in the 
nnist’s laboratory ; when a candle burns 
matter is not destroyed, but the special 
aiigcinents of carbon, hydrogen, and 
^gen of which it consists are taken to 
ces and, after combining with atoms of 
^gen from the air, are liberated in the 
m of new atom-arrangements which wc 
1 water-vapour, carbon dioxide, and so 
ih. According to the Mendelian theory, 
gcrm-plasin of animals or plants consists 
liiarly of units. I'hese units (apart from 
“ mutations ” of which we have already 
de mention in our account of Johannsen’s 
rk) persist indefinitely without traceable 
ingc. When, as we may actually do, 
cross a black mouse and an albino, and 
ain a progeny consisting of grey creatures 
ctly like wild mice, the units in the 
istitution which determine black hair 
I albinism have neither been lost nor 
ged together (like drops of black and 
te paint) to form grey, but remain as 
inct as the atoms in a molecule ; and 
b is able to emerge unchanged and to 
ducc its original effect in later generations, 
ince the rediscovery of Mendel’s work 
190O5 the greatest further discovery has 
1 that these units of his have a visible 
itation— within the chromosomes ; and 
mere they seem to be arranged in a 
jiite and orderly way. Thirty ycara ago 
knew literally nothing of the solid facts 

the fruit-fly Drosophila, which have 
1 so thoroughly and industriously investi- 
that the Geneticist can take his friends 
microscope, show them this fly’s 

looal I power— and make 

. incredible assertions as 

Vou sec that rod-shaped chromo- 

‘^ineswboli cjiromosomc which 

*ke sninHl whcTC you 

S Veiw^ which may turn our 

“ ' a uS wi t'h chromosomes is 
“'Wwith the power of wducing 


wngs to votiges, and about one-twentieth 
of the chromosome’s length ferthcr along, a 
unit which timis the bS^y %lack. In the 
other big V live other units with which I do 
not propose to bore you ; and, finally, this 
tiny dot of a chromosome houses its own 
few unite, of which one prevents the fly from 
developing eyes at all.” 

And then he will show them on the wall 
an actual ^p of Drosophila’s chromosomes, 
on which is marked the position of all the 
four hundred and more determining unite 
wluch have been distinguished in this little 
ammal. The map, of course, is not enor- 
mously reduced in scale, like ordinary maps, 
but enormously magnified. The map which 
wc should take for a walking tour is reduced 
about. 100,000 times ; these chromosome 
maps have to be magnified to about the 
same extent. Later on we will give this 
map of the infinitely little. 

It is the map of the Geneticist’s peculiar 
Empire. Drosophila is to him like the Eagle 
to Jupiter, the synibol of his rule. It makes 
peculiarly convenient material because it 
breeds every ten days, it produces several 
hundred offspring in each generation, it is 
so small that the whole or one of these 
generations can be successfully reared in a 
pint milk-bottle. Like the fruits of Paradise, 
it is in season all the year round. Thus a 
graduate student in the two years allotted 
for his higher degree can work out a pro- 
blem covering seventy generations, equal 
to decades in the selection of rabbits, 
centuries in the case of cattle, and millennia 
of human reproduction. Its possibilities 
have been exploited to the utmost by the 
magnificent team work of Professor T. H. 
Morgan and his school at Columbia Univer- 
sity. How far-reaching are the implications 
of their work, wc shall show in subsequent 
sections. 

§3 

Menders Two Primary Laws Oj 
Heredity 

But wc arc running ahead of our exposition. 
The method of Mendel in his studies of 
the workings of heredity was to hybridize 
varieties and species of plants and observe 
the consequences. That is still the nohnal 
experiihental method in Genetics. 
hybridize— wc make crosses between parents 
which differ in their hereditary constitution — 
and study the characters of the following 
generations. For example, wc mate n 
white rabbit with a black one or a short- 
homed heifer with a long-homed bull 
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sec what tunaJ'ij^,, Or'*wc 
We fertilize \,ij|e plant with poUcn fiom 
another, taking care, of course, to keep out 
insects or wind or any agency which might 
bring in other pollen and so confuse our 
experiments. 

First, as a very simple and illuminadng 
instance of such results, let us consider 
the garden flower called Mirabilis jalapa, 
or “ Four-o’clock.’* This exists in numerous 
varieties, two of which are distinguished by 
the white and red colour of their flowers. 
Suppose that we cross a red-flowered plant 
with one of a white-flowered strain. All the 
offspring will have pink flowers. If now we 
inbreed this first hybrid generation, fertili- 
zing them with each other’s pollen or their 
own, we get a second generation showing 
three distinct types. There are red-flowered 
plants precisely like those of the original 
red strain, white-flowered plants like those 
of the pure white strain, and pink-flowered 
plants like the first hybrid generation 
resulting from the cross (Fig. 170). 

If the experiments are carried a generation 
further, another striking fact reveals itself. 
If the reds are self-fertilized or pollinated by 
other reds, all of the progeny will also be 
red ; thus, these plants, although only in the 
second generation from a cross, yet breed 
true for the character that was crossed. 
This fundamental fact was in total disagree- 
ment with the prevalent view of animal 
and plant breeders in the last century, 
that crossing so contaminates the “ blood ” 
or constitution of both strains used in a cross, 
that it is impossible to obtain purity of 
breed again, at least without many genera- 
tions of rigorous selection. 

The whites of this second generation, 
when tested, prove to be as pure for flower- 
colour as the reds. But the pink plants all 
behave like their parents of the first hybrid 
generation ; they do not breed true but 
throw reds and pinks and whites. And so 
on for as many generations as we like to 
raise. Reds and whites will always breed 
true, while pinks will throw reds and whites 
as well as pinks. A pink that breeds true 
is an impossibility. 

In order to explain facts like these, 
Mendel assumed that somewhere in the 
plot’s hereditary constitution there were 
units busy with the control of this or that 
character. In our particular example, there 
must be units whose business b with the 
control of flower-colour. And these units, 
he supposed, were self-perpetuating, and 
^did not mix with each other. To-day we 
^11 these units by the technical name of 



idea, in .si 

new facth^t tbA wmtsunits 
in the chromosomes, lifte an atom 
b something that has never !)een'/N 
felt. It b inferred. ^ 8ut its ? 
none the less real for &at A cen^ 
scientific men were forced to believe 
exbtencc of atoms by the chemical beha^* 
of different substances when they 
andseparat^. To-day. 
been forced to believe in thr existent 
genes by the reproductive behaviour 
animals and plants when they are 
breed together. “ Gene ” is simply a sJ 
hand phrase for “ that something h t2 
chromosomes, whatever its nature may t 
which b responsible for a particular characte 
and its particular way of transmission irm 
parent to offspring.” We have gradualh 
got to know a great deal about thepatured 
atoms, besides the mere fact that they an 
the units whose exbtcnce we have to assinm 
to explain the way of chemical cornbinationi 
and we arc beginning to learn somethiM 
about the nature of genes, besides the men 
fact that they are the units of whose existena 
we must assume to explain the way of hcredil 
ary transmission. But the main point aboa 
them b that, whatever their nature may be 
we have to assume that they exist, or eb 
the facts of inheritance arc inexplicable. 

Since every cell of the plant (except ioi 
the actual reproductive cells) contains j 
double chromosome-outfit, it must contai 
two of these colour-produciiig genes. Ii 
the original red plant from which we starta 
these genes were red-producing ; in the wbil 
plant they were dificrent and turned 
flowers white. When the cross was mx 
the hybrid plants of the first generauon g 

one of their two chromosome-outfits 

each of their parents. Whence it 
that their cclb contain one colour-contro 
gene oS each kW— one red-pr^u^ . 
one white-pmdufier. ^ that the 
flowers ai^ a coniproinbc between refl 
white— that b, nime* , , hrtai 

Now wbaa mtc mixed ^ 

mature and pnjdiKod ih 

the wiU Wm wwm 
festly when dteir 284) ^ 

out in the ^^fthe iS » 

mu»t 'haw faw beeo' 

— — 

these Pi 


} ,.wl lour jams 

’’ H so l-ii- as colour-gene* cm- 

"“j 'll,;,, may be catalog^ esfeHo^t 

; rd-can ) ing pollen-grain might fertilize 
rd-carryiog cgg-re*ult, a red4<>werrf 


red-carrying poUen-grain 
result, a 


int ‘ (* / “ " * 

ght’fertili/' a white-carrying egg- 
)k-flowcr<‘Ll ])lant ; 

a white-carrying 
lien-grain might 
tilize a rrd-rarry- 
r fg^ — result, a 
[]{.flowen‘cl [)lant ; 
a whiti'-carrying 
lien-grain might 
•tilize a whilc- 
Tying egg- result, 
white-flowcrcd 

Lilt. 

\s we have .seen, 
these p{).ssihilities 
ppened. The 
ond hybrid geiier- 
Dii wa.s mixed and 
ilaincd red-, pink-, 
d whitc-fluwering 
ints. And so will 
f generation bred 
m pinks. 

A^e can go farther 
^nthis. Byfollow- 
f a similar line, of 
poning (the details 
ivhich we leave to 
I reader’s ingenu- 
I we can prophesy 
|t on crossing a 
jk with a red the 
t hybrid genera- 
1 would include 
pinks and reds, 
t no whiles, 
ilarly on crossing 
with a white 
should get pinks 
'whites but no 
And this is 
actually docs 
pen when the 


lOTucaim 

itt sditary . w«y, t>da»g no tract; 
of having been associated fw month* or 
years with the other widiin the microscopic 
chambers of the cdls. Moreover, it cvi- 
dently makes no diilerence whether we use 
a red-flowered plant as our driginal male 
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explanation of 
Four^*docks, 

« ** *’ *och nucleus (upper right) is poUituUed harei 

j resulting generatm (middle row) hm one gene 

feoch kind ond ore tturywe pink* When these Jertilizt eoch other, reds, pinks and umk$ 
are produced (below) as expiained in the text* 

parent and a white for ouf Amialci or viett 
versa. In both cases the hybrids wffl be 
pink. All that matters is ^e kind of genes 
in the resulting mixture. 

A widespread and importftiit contpUcattem 
of this scheme is the pnenomenon known ka 
dominance. In our example jeiori' 

effect of the two different xinda rf genej^ 
when both were pitsent^^ j^^ wAi 

intermediate between ; ^ 


Ac fundamcn- 
mportaiit conception of the indepen- 
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between white and red. But that is not 
always the case. One gene may be stronger, 
more effective than its correlative, and, 
indeed, such inequality of effect m the genes 
is the rule rather than the 

Suppose we cross a mouse of the Japanese 
“ wsdteing ” type with one which is normal 
and com« frdm a perfectly normal st^. 
The former has an inhented malformation 
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Every cell in their bodies t 


„ '’ntains 
normal ” 


gene 

net 


“ waltzing and one 
But the latter overpowers ihe 
In the next generation, obtabed by bn. 
the first together, it becomes manifetlj! 
we have been dealing with mixed, hybii; 
animals, for we get three kinds of rdc. 
There are true-breeding waltzers a® 



f the inner ear which upsets its sense of 
lircction and sets it spinning round, somc- 
imes for hours on end, like a puppy trying 
0 catch its tail. The first hybrid generation 
f such a cross will sf!bw not a trace of this 
waltzing habit. It will .consist of perfectly 
lonnal mice, progressing with irreproach- 
blc directness, their inner ears admirably 
imned. Nevertheless, genetically they arc 
Eiix^, just as arc the pink Four-o’clocks. 


the reds and whin 
of the second gea 
cration of the Four, 
o^clock cross, and 
corresponding to tb 
pinks, there aremia 
like those of the fb 
hybrid generation- 
normal in bchaviou 
and anatomy, bu 
nevertheless carryinj 
the “ waltzer ” gen 
hidden in ihei 
chromosomes andbt 
queathing it to som 
of their offspring. 

This case is ol 
viously parallel t 
that of the Foul 
o’ clocks, except tb 
here the hybrids ai 
not intermediate, bi 
indistinguishable i 
their characters froi 
one of their parent 
In such a case as th 
the gene which win 
so to speak, in tl 
hybrid is said to 1 
dominant to its pat 
ner, while the oi 
which is concealt 
is called recessiit 
^ “ Dominant ” ar 
recessive ” are rel 
tive terms. Toiorg 

that is to drift towar 

very nonsensic 
ideas. An 

of incomplete do* 

ance appears* 

white leghorn cock is ^ 

the same bt«d ; Ac hybnj « 

with one or two ^ 

there on Ac ^y. ' pietdy i 

^minant to^^.but . ^ 


from the U 

oWbi dodc to u'* 
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•;;sf nce of Mendelism, that the 
however obliterate it may 


, wri iiiK one meete about Genetics, 
n- lad recessiveness are treated 
ThTngs absolutely opposite as ’the 

let emphMizc, because it is the 

y quintn 

TrapF^wnceV is in no way destroyed 
‘ rif It is masked, it is eclipsed, but 
fstill there. In every cell of the hybrid 
e-as distinguished from the pure-bred 
K^thc recessive gene is present, like a 
let hen-pecked husband with a wilful 
1 noisy wife who must be obeyed. In 
3 ther generation he will get his chance in 
few individual cases, get together with 
)ther of his own kind, and be as distinctive 
his influence as his nature requires.^ 
iierein lies the importance of this (hs- 
sion. A recessive gene may be carried 
a stork, completely hidden by a dominant 
"tiicr, and may therefore be difficult to 
;ect and to weed out. And it may be 
ery sinister gene. In our own species, for 
imple, there is a kind of inherited deafness, 
complete that it leads to dumbness — 
if-mutism— which Is recessive. If a person, 
cr the manner of the hybrid mouse with 
5 imperceptible waltzing gene, carries 
; gene of itiis deaf-mute type, he or she 
1 behave quite normally. His “ taint 
1 not matter— to him. He will hear and 
lak, just as the mouse will run straight, 
such a person marries a normal person 
Jiout this hidden taint some of the children 
1 be pure normals and some will be hybrid 
finals like the first individual. All of 
Se again will hear and speak. It will not 
^ct them personally at all. But if two 
^ hybrid “ carriers ” marry — and there 
ino way known at present of telling 
I pure normal from the hybrid — there 
^ fair chance that an abnormality- 
pymg sperm may fertilize an abnormality- 
7ing ovum, producing a pure recessive, 
tat-mute. It is (as we shall shortly see) 
nance of one in four ; a risk, not a 
ainty. 

tolarly with other unpleasant recessive 
[ for example, which produces a 

01 insanity coupled with blindness, 

produces a hideous 
nnjty o( the embryo, which has one 

2 "ormal ones. 

Ed anH generations unde- 

f elTecf^ ' “"^oUty mating, 

i »«adcnly to ftdi 

’“dependmi'^*^ r”” gene-pairs 

t entiucs, emerging separfttc 


and unchangt^ in tlic gametes after their 
co-operation, in the zygote, is known as 
Mendel’s First Law. It is a profoundly 
important law. In popular language, when 
one is talking of crosses and hybrids one 
spea^ of “ mixed blood,” and the phrase 
admirably expresses the belief which lurks 
at the backs of many minds. If we take 
two kinds of blood and mix together a pint 
of each we will obviously get a fifty-fifty 
mixture. If we mix a pint of this with a 
pint of one of the origin^ kinds we shall get 
a twenty-five-seventy-five mixture. If we 
mk a pint of this with a pint of the same 
original blood we shall get a twelve-and-a- 
half-cighty-scven-and-a-half mixture. And 
so on. This is parallel to our almost 
instinctive belief about heredity. One 
expects races to mix as liquids mix. One 
expects red crossed with white to give pink, 
red with pink to give a darker three-quarters 
pink, red with this pink to give an even 
darker seven-eighths pink, and so on. 
One expects that no amount of breeding with 
red will altogether ' remove the whiteness 
from the tainted strain. But all this is 
wrong. Slowly the biologist has come to 
know better. He thinks not of mixed blood, 
but of assorted unit-genes — a very different 
conception, born of the facts that we arc 
here detailing. 

Mendel’s Second Law, to which we now 
proceed, is easy enough to understand. It 
is called the Law of Independent Assortment 
and concerns the outcome of complicated 
crosses when the original parents differed in 
two or more distinct respects. 

We may illustrate by one of Mendel’s 
own instances. Mendel worked with peas. 
He crossed together two strains ; one gave 
taller plants than the other, and at the same 
time the seeds of the first were yellow, while 
the seeds of the second were green. He 
found that he was dealing with two separate 
and independent gene-pain. “ Tall ” was 
dominant to “ Dwarf” and ” Yellow seed ” 
to “ Green seed.” Every plant in the first 
hybrid generation was tall and had yellow 
sc«^. In the second generation the two 
pairs sorted themselves out independendy 
of each other. He got pure tafl, hybrid 
tall, and pure short plants ; of each kind some 
were pure yellow, some hybrid yellow, and 
some pure green as far as seed colour was 
concerned. Similariy with three or more 
gene-pairs. The first hybrid generation after 
a cross between two pure-bimling stocks is 
always uniform, while in the second we get 
a mixture batch showing every possible 
combination of the original genes. In bridT^ 
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sepairaU gene^pairs are shuffled and dealt indi'^ 
pendently of each other. 

It follows from this Second Law of 
MendePs that in a cross, so long as the strains 
arc pure and the same genes arc involved, 
it makes no difference -how they are 
bined in the original strains. Instead of 
crossing a tall yellow and a dwarf green 
strain, we might have crossed a dwarf 
yellow and a tall green ; but the result, both 
in the first and in all subsequent generations, 
would have been precisely the same. Once 
more, it is the individual genes which count, 
not the way they happen to be grouped in 
the parent’s bodies. So long as all the gene- 
ingredients get into the first zygote in the 
right proportions, it makes no difference 
from what abode they come, any more than 
it makes a difference to the taste of the stew 
whether the pepper-pot happens to have 
stood next to the rice or the potatoes on the 
shelf. 

These details may seem a little tedious, 
but they arc the very grammar of thb subj^t, 
the skeleton needed to support its living 
flesh. Once they are mastered, our attention 
can be given to various matters of general 
interest and far-reaching practical conse- 
quences. But they must be properly 
mastered before they can be used. 

§4 

Numerical Proof of MendeVs Laws 

In the last section we outlined the two 
essential principles of Mendelian Inheritance. 
But we should be doing scant justice to this 
great and patient investigator or to his 
followers if we failed to note the enormous 
mass of numerical evidence in support of 
his theory. We have contented ourselves 
so far by noting the kinds of animal and 
plant that turn up after a cross and by 
giving a qualitative explanation. But Men- 
del’s Laws will carry us farther than that. 
They enable us to estimate with a very 
reasonable prospect of success the numerical 
proportions in which the different kinds will 
appear. 

Turn back for a moment to the second 
cross-bred generation of the Four-o’clock 
plant (Fig. 170). We catalogued the dif- 
ferent kinds of fertilization which occur. 
Now it follows from the way in which 
the reproductive dq^jents are made that 
among the poUen-graSis those which carry 
red will be just as numerous as those which 
carry white, and the same is true of the 
egg-ce^. Moreover, fertilization is a per- 
fectly random process ; there is no reason to 


suppose that r^-carw^i|len.grains . j 
a particular fancy 

or anything like that. S'o we can sav!?!* 
the four kinds of fcrtiliseation 
in roughly equal proportions-- in thc^ 
generation half the plants will i)e pijj. ^ 
quarter will be red, and one quarter wiS 
If the reader has any doubt of this 
ing let him take a pack of ordinary ^ 
shuffle it and spread it face downl^ 
over a table. Let him draw the cards! 
random in paire. He may happen to c * 


— -- 10 drai 

a red and a red, or a red and a black oh 

black and a red, or a black and a blJ 
The chances of these various combinatio# 
are equal. So, in the long run, he will 0- 
about twice as many mix^ pain as doufej 
reds or double blacks. 

We are dealing, be it remembered, wjij 
chance and the result is never perfectli 
exact. We say “ in the long run.” Ba 
chance is a fickle jade, and often the nii 
is uncommonly long before the mathematica 
rectification is achieved. The first two 0 
three pairs to be turned up may happen 1 
be pure red or pure black, but as the expcii 
ment is continued the proportions will ten 
to straighten out as we have prophesict 
The more pairs one turns up, the moi 
closely will the proportions obtained approx 
mate to those we have deduced. 

So with numerical experiments in hereditj 
If one wants reliable results one has to woi 
with large numbers of individuals. In tl 
case of the Four-o’clock, if one were to tal 
half a dozen seeds* from a pink plant an 
rear them, anything might happen. Th( 
might even all be red (although the odi 
against that are about four thousand to one 
But if one rears large numbers of the hybn 
generation— fields of it-ihe proportia 
straighten out and assume the eatnnati 
values within a striking degree of accurac 
How close actuality may be to exipeeuw 
when really large numbers are br^, 
shown by the fiulowing example, 
and six subsequent investigators hav^ 
counted the second generauon from 
between yeUow and green colon m W 
Their actual figures, totalled tog 
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ci.-s (Fig- i7>) will give three 
as 111'^ *^ normals as waltaen* In the 
genn.ition of *e peM cr^ (6 3) 

I i,( nine tall plants with yellow 

•.1 . ti » • 


: will 


js threi short with yellow seeds, and 
je’tall wlfh green seeds to every one that 
hort with green seeds. And here again 
prophecies can be confirmed with a high 

ree of accuracy. ^ 

iometimes these calculaUons are upset, 
some cas( s the mobility of the pollcn- 
es is afTccied by the genes they cairy, 
hat one kind is at a disadvantage, reaching 

ovules too late, and the ratio is 
red. Or one variety may be more 
cate and have a higher mortality 
[1 another : we shall sec in the 
)wing section how sometimes 
PS may kill (heir bearers. Somc- 
Ki there is a hitch in the delicate 
miosotne machinery ; for exam- 
two chromosomes may stick 
!(hcr during (he reduction divi- 
arid one of them may get pulled 
the wrong gamete with strange 
unexpected results. But these 
exceptions. In the vast majority 
ases, whciK'ver sufficiently large 
ibcrs of animals or plants are 
rd, Mendel's l^aw's have ample 
Itieal confirmation. 


§ 5 

Getm and Their Effects upon 
Human CJuuacterisiics 

hr inner ears of mice or the 
urs of garden flow'ers may seem 
al in themselves, but they illus- 
f dearly a mode of inheritance 
(e greatest and most general im- 
Ne. 1 he chromosomes are an 
Pgationofan enormous number 
pes, eacli playing its own little 
. n the production of the indi- 


die body j one radcci die feet grow double 
one remarkable recessive gciic not only turns 
the grey body tan«colour but alx»lishcs the 
ny s normal instinct to go towards the light ; 
others influence fertility and others again Ac 
length of life. There is not a comer of the 
fruit-fly’s anatomy, not an aspect of lA 
activities that has not been shown to be 
controlled in some way by these all-import- 
ant genes. 

To take a few eicamplcs firom oAer 
organwms, single genes exist which convert 
homed into hornless cattle, bearded into 



u/rpnism, each 
Pds Laws. Of this 
(■plasm consists. 


obeying 
gene-army 


Why no yellow mice breed true. 

The gene Jot yellow is dominant, and also lethal. When two ** nllow ” 
ore present, the mouse dies while still an embryo, relhv mice 
^fore contain ow gene for yellow and one for grey, and when two 
such mice are maUd together (above) the offspring (below) always include 
a {xmnderabie proportion of gr^s. 


our ^rdless wheat, normal snap-dragon 
flowers into flowers wiA five-rayed sym- 
metry. All the colour-varieties of domestic 
uitisider a animals depend on gene*. So do the plumage 

wliich, as we f poultry, and here also ^re an 

is particularly well influencing the shape of the comb, 

^ For the size of the body, and even the egg-layW 

capacity. We shall j liscover many other 
interesting effects of |||« in later sectiow 
Among the most bunous genes kooMO) 
OT the so-called “Lethal Gens,” 
kill their possessors. For example, flieie is 
'• eye. ^ Fn the mouse whidi, yfci pwadi 


Ihs ih u here all the various 

that have,- been traced 
US consider 


Kc exn.r; well suited for 

it hri. . In this 

N the wiatrs 8 “® 

squarv ' tu aoodicr cuts 

pj; <lin^ .ho tUr 


pour of 


the 
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a yellow animal, perfectly healthy, though 
with a tendency to fat ; but when it is 
prttent in double dose the animals die in 
the uterus at an early stage in embryonic 
development. Thus a yellow mouse which 
breeds true cannot exist. There is a similar 
case in the fruit-fly, a gene which in single 
dose produces a scalloping of the margins 
of the wings and in double dose kills the 
developing embryos. Again, another gene 
in the fruit-fly causes fatal tumours to grow 
in the young grubs. In many plants there 
^e genes which kill the seedlings by pre- 
venting the formation of the vital green 
pigment, chlorophyll. 

So far we have treated of the genes as 
completely independent entities. But their 
effects may interfere ; they may modify, 
counteract and reinforce each other. There 
is, for example, the phenomena of Multiple 
Genes, when a troop of genes combines for 
the production of a single effect, each 
contributing a little push in the right 
direction. Such gene-troops are responsible 
for the inheritance of characters such as size 
in animals, or skin-colour in man, which 
show whole series of graded degrees of 
difference. We will illustrate the Genetic- 
ist’s conception of these Multiple Genes 
more fully in the following section. 

In our own species, plenty of Mendelizing 
characten have been made out. The differ- 
ence between ears with free lobes and ears 
with attached lobes depends, it would seem, 
on a single gene-difference. So, it is 
alleged, does the difference between blue 
and brown eyes, blue being recessive to 
brown. Two brown-eyed parents can have 
blue-eyed children, but two blue-eyed 
parents should not, in the present phase of 
genetic science at least, have a brown-eyed 
child. It might cause unpleasant accu- 
sations. 

Albinism — pink or scarcely coloured eyes 
and white or almost white hair — which 
affects about one person in every ten 
thousand, is much more certainly a simple 
recessive to normal pigmentation. So we 
may expect to find albinos cropping up as 
the result of a marriage between two quite 
normal people who happen to be carriers 
of the albino gene. But if two albinos 
marry, all their children will certainly be 
albinos. On the other hand, the malfor- 
mation known as brifchydactyly or “ short- 
fingcredness,” when the fingers have one 
joint too few, appears to be a Mcndclian 
dominant. Thus, if two brachydactylous 
people marry, the children must all be 
brachydactylous, except in the highly im* 
298 


probable event of both parents carrv’ 
recessive normal gene, in whidi ca 
child in four will have normal hand ^ 
two normal people marry, the chi ^ 
cannot possibly be brachydact\lous^rr 
brachydactyl marries a normal, the rVi! * 
will either be all brachydactylous S 
of them brachydactylous and halfn ^ 
according to whether the malformed 
was pure-bred or hybrid for the 2 
mation-producing gene. * 

We can also say with a reasonable 
fidence that special genes control 
diverse characters as hair-colour and haJ 
shape, the tendency to produce twins d 
the pitch of the voice. Moreover, itj 
been shown that §uch a trivial peculiaS 
as the presence of a white lock in onercgiij 
of the head can be due to a dominant gem 
and so it seems is the “ Habsburg ” lip, 
the fleshy lower lip and protruding jaw whici 
Haeckel has traced back in portraits of th 
Habsburg royal line from the present da 
to the fifteenth century. The kinkincs 
of negroes’ hair seems to be a simple domk 
ant to the straight or wavy hair of other race 

The shape of the nose is controlled by i 
least four pairs of genes ; convex bridg 
is dominant to snub. The property whic 
causes the blood of some people to cli 
other bloods, making them useless fi 
blood-transfusion, is also inherited in 
Mendelian way. Certain forms of dwarfis 
are due to a single recessive gene, and so a 
some congenital forms of short-sightedw 
and of club-foot. In some cases, at lea 
left-handedness is inherited as a sinj 
recessive character, though the picture 
complicated by the tendency to force rigi 
handedness on children by training. T 
“ almond-eye ” of many Asiatic peoples 
also a recessive. 

But besides such human characters w 
obviously obey Mendel’s law of segrcg^ti' 
there are many others which, though ia 
clear-cut, we can affirm to be mhen 
without yet being able to assign tneffl 
the action of definite genes. This, hfl 
is merely due to the fact that the 
cannot conduct properly 
experiments with his own species. J 
experiments can be carried out, ^ ^ 
which are inherited turn out to J 
differences in one or 
and man in his .heredity undoubted y. 
like the rest of IfC/ , . , jW 

For determinihg whether such 

marked human characters ^ , 
we offen have to feB back upon ^ 
method kpown as correlation , 
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. ,|„ details here, but must refer 

‘"‘“dcis to books like Carr-Saunders’ 
or Karl Pearson’s Grammar of 
But the results of this andysis are 
"^^definiii- differences 

Ln human beings' may owe their origin 
mate differences of constitution : height, 

" rtioris ieraperam6nt, disease-resistance, 
Sectuai ability. Environment also has 

moulding effect, but a-itAm a 

le social struium and on the average 
differences between one human 
le and another are due much 
^ to heredity than environ- 
it much more to genes than to 
If and school and the accidents 
fe. 

§6 

ohmr Genes in America as an 
Example of Multiple Genes 

ere perhaps as an example of 
way in which the Geneticist 
b with more intricate pedigrees 
i those we have hitherto 
lidered we may note some 
resting studies worked out by 
I. Davenport upon the mixture 
he white and black strains in 
United Slates. 

e starts his investigations from 
Dating of “ pure ” whites with 
re ” blacks. His inquiries 
t that the first hybrid genera- 
the true mulatto, is very 
>rm and intermediate in type 
een the parents. The next 
ration, however, if mulattos 
inarry, is surprisingly varied, 
e families of course will give 
y chance results, but taken in 
^rge the following conse- 
ccs have been established. 


that in both cases the first hybrid generaiion 
IS uniform, while the second is varied and 
includes the parental types. The difference 
IS that in the second generation of mulattos 
instead of the three simple classes, reds, 
pinks and whites of the Four-o’clock, we get 
every conceivable shade of blackness. The 
shades vary widely in the same family ; 
there are never any whole large families 



*73' Habshurg Lip, 

In the Habshurg dynasty, a prominent lower lip and a protruding lower jaw 
recur repeatedly, and seem to be due to a single dominant gene, (i) The 
fmperor Frederick in {2) his son MaximUian I 

isseconrl ~ 5 * 9) j t^y Hurer ; (3) Maximilian's great ~great-great^grandson, 

Uch gradmiT ^ young man, by Velasquez >* (4) Philip 

uen grad ngs of cream and II by JuanCarem^ The dominant gem 

■as the blood-mixture theory to-dtpf, as shown in (5) the present King of Spain, Alfonso 

l|equire. On the contrarv v i’ ® Habshurg, and who is descended on his father's 

“Spring are conspS^ suU M/rom a JougHter 

occur''^lii'p, extreme white simply intermediate between the tints of 

’'y if the mulattos in a the parents. How is this to ^ explained ? 

‘ interbi eerl population con- Let us suppose that instead of one genc- 
^ i there will S?' j confusion pair, as in the Four-o’clock, the original 

to white. ^vcrythin^ from coal black and white parcra differed in three 

^ at first siy^ht thic A 1 , *udcpcndently assorting skin-colour 

asthproo.. , “IS aocs not look as gene-pairs. Let us suppose also that each 

gene contributes a little quota of blackness, 
so that the colour of an individual depends 
on the number of black-producing and 

«9d 


. Zif (Fig. 

rod in it, 


pt f*lcss the same principles' can 


\K7 . r‘***'^H*» can 

Wc remark, for example. 
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white-producing genes he carries. The fost 
cross-bred generation will be cxacdy half- 
way between the two parents in tint, 
because half his colour-genes arc black, 
from the ^legro parent, and half are white, 
from the one hundr^ per cent. “ Cau- 
casian*’ parent. In the next genemtion, 
by the usual Mcndclian reasoning it can 
be shown a priori that there will be all sorts 
of mixtures and combinations ; and that 
is exaedy what is found. There will be a 
few with white genes only— a very small 
iminority. And an approximately equal 
^minority with black genes only. The 
majority will have black and white mixed 
in various proportions, the likelihood of 
any tint turning up being the greater the 
nearer it is to half-way mulatto colour. 
And this is what an extensive statistical 
examination of coloured population shows 
to be the case. 

We need not go into all the exact technical 
details of this research. We will only 
note this : that Mendelian principles can 
still be detected at work here, and that the 
black and white genes do not mix together 
but retain their independence in the mixed 
stock. We arc dealing with shuffled genes, 
not with “ mixed blood.” It is perfectly 
possible that a pure white, or a pure negro, 
could spring from one of the early generations 
of such a cross. It is, of course, extremely 
unlikely. In the matter of skin colour 
alone about one in sixty-four (or, if four 
instead of three separate genes arc at work 
about one in two hundred and fifty-six) of 
the second cross-bred generation will be 
pure white and one pure black. Moreover, 
there are other genes at work controlling 
the shape of the features, the voice, the 
characters of the hair and so on, so that the 
chance of a full-blooded negro or of a pure- 
bred white turning up is exceedingly slight 
indeed. But it exists for all that. The 
marriage of two individuals near the same 
end of the scale increases this likelihood. 
One of the most active members of the 
movement in defence of the rights of coloured 
people might pass anywhere for a Scandi- 
navian blond. He has an unquestionable 
coloured pedigree on both sides, but in the 
South, where various racial social distinctions 
arc made between the races, he has great 
difficulty in refusing treatment as a White.” 
Hotel clerks and train conductors will not 
believe it of him. 

This sort of inheritance, by teams of 
co-operating genes, or Multiple Genes, as 
they are called, is very important in Nature. 
Wherever a series of graded types appears 


m a cross we liro 
Genes. In our 


®^hapt, i 
MuiJ 



characters are inherited: 'in this ^ I 
example, the inheritance of statu ^ 
weight, of the tendency to corpulei!? ^ 
gwhaps of temperament, arc due to 

§7 

Afopping thi Chromosomes 

We have already written of the 
able confidence with which the Gen 
can display a map of the chromos * 
such a creature ^ Drosophila and 
and identify the ^nes thereon. ^ 
is a science with all the attractiveness* 
perhaps some of the defects of heady 
It has been developed with extreme enu 
asm in the last quarter of a century arj] 
has achieved very brilliant results. Ij 
there is a Wonderland touch about some i 
its claims and assertions that holds bai 
some of the maturcr biologists from complj 
acquiescence in all its enthusiasms. 
Meanwhile we record the marvel of tij 
mapping of the chromosomes of Drosopltj 
Marvel ^ it is. These things we descrij 
here with such detail and exactness i 
visible only with the highest power of | 
microscope. We arc dealing with fonj 
that would make the finest fairy that i 
ever imagined seem a colossal mow 
of clumsiness in compIKson. Never ij 
the reader’s unasristed eye seen anytla 
so fine and small as the reality we ii 
enlarge for him. 1 

In the various species of the fruit 
Drosophila, easy to breed, easy to ol 
and rich in varieties, Morgan : 
indefatigable associates have been 
to explore the bchaviom of over 
hundred genes. In addition there must 
an unknown number of true-breeding J 
which have as yet given no vanau^ 
betray their nature. In the cells wj 
genus of fly there are only four paj 
chromosomes. It has been 
elaborate proems of experiment an^ 
ing, that these fiJur hundred and 
genes are crowds hi a chain 

but 


chromosomeat 


anyhow, it would 
the chiwnoid^ltt « 

The wdMtit^on ^ 





thw Drosophila woric that this linkage 
of genes which are carried by the same 
chromosome is by no 
means complete. When 
the pairing chromosomes 
curl round each other 
they may exchange bits 
of themselves. They may 
come unstuck along a 
rather different line fromg 
that in which they meti| 
Thus the genes ar^ 
shuffled around and 
appear in ever-changing 
combinations, even when 
they are carried by the 
same chromosomes. 

This brings us to the 
line of reasoning upon 
which the position of the 
genes on the chromo- 
somes has been actually 
mapped out. The proba- 
bility that two genes on 
the same chromosome 
will be separated in the 
curlings and writhings of 
the reduction-division de- 
pends on the distance 
between them. The 
closer they arc to cadi 
other, the less likely they 
arc to be parted. We 
can place the genes there- 
fore by^ noting the degree 
to which their effects arc 
linked together in inheri- 
tance. 

This may seem a 
tenuous argument, but 
it is no finer spun than 
many of the tools of 
thought that modern 
physics is forced to use, 
and it finds its justification 
in practice. The idea 
can be tested, and the 
method based 


cspondii*. 
division 

then aito the full intricacy this 
•ate profits- In this fruit-fly flin' two 
I blobl)) chromo- 

Bpair,ili>;ivvoshorter 

I pair, and the long 
laped chromosomes 
each with its corre- 
iding fellow of the 
erset. At the 
ictioii'di vision each 

rhter'cell gets one 
ibcrofeach pair and 
i it is ensured that 
I of the resulting 
etes shall get one 
plcte outfit. The 
e is true of the 
mosomes oi many 
r creatures. More- 
^ the chromosomes 
pg the pairing process 
in very accurately 
foiled apposition, 
the individual corre- 
|ding genes of tlie 
[bers of a pair being 
Bite to each other. 

Sometimes they twist 
ae roftnd each other, 
pmes’ snakes, while 
[arc writhing in the 
bin the early stages 
p reduction-division, 
en the minutest dc- 
)f these microscopic 
positions are accur- 
reflected in the sub- 
nl inherilanee. In 
"St place, if two genes 
•aced in the same 
‘o^ome they will 
to be handed on 
>er from generation 
eration. The units 
ate handled and 
PjU on the spindle 
®viding cell are 



L '.tiot genes, 
go m bundles. 

green-seL^li^ ydlow-sccded and 
fidthesecd^col^^^ height 

““mrs in different 

“omewe 


174* ^ diagram of how the two 
rnitnbers of a ckromosonu^pair may 
exchange bits with one another, 
Whtniht two cormponding chonmomis pair up 
[top figure) th^nu^ twin round each other w 
ways (middU row), Thn appear to 
^eak at die poiids qf crossing and (0 Join up e^ain 

in m^ements {lower mw), Hut always so 
that each chromosome contains one qfeackfM^ 

gene. 


cro 


we started to reappear 




_ upon it 

t , gives consistent results. 

Bit by bit It has proved possible on these 
lines to map the places of the known genes 
on the chromosomes. The map is xepro- 
duc^ herewith (Fig. 1 75). Its draiWng %m 
a laborious process, for the placing of every ' 
gcxw, cve^ point of the map, nooewitated Ihe 
making of many kinds of controlled matihgS) > 
the rearing and examination of f 
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Fig. 175. A map of the four kinds of ckromosonus 
shouting by cross-lines the positions of a few of the ^ ^ 

somes, and the names of some of the more my^rUttt oms. ^ ^ 

I is the rod-shaped chromosome of Fig. syC. II and III en the the 

tittU detdike cimmosome. The numbers refer to the dumsues tfju induce. The 

chromosome. The names of the refer to sonu ^ 

map is magrdfied about 40,000 ttnus. ( 4 /»^ ** maegm*) 
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however, njj 
he so close th 
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is the tighti 
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found an 
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hundreds of flics. But its accomplishment 
is the crowning triumph of modem Genetics. 

In the longer chromosomes of Drosophila, 
a gene nearer one end is just as likely as not 
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h,t in another way, to* ' Ae . avei^ 
,1 mok> ule contain* a thousand a^ 
* "he m i C must contain about a hundred 
“LnH I lie chemistry of life i* evidently 
Sf -iiic, little girl who asked if God 
I flies as well as people and was told yes, 
Xd: ‘ H’m-^ddling work, making 
I j> T ii(: discoveries we have been 
rating reveal that the work of making a fly 
ven more iiddling, or rather more astonish- 
Iv delicate and complicated, than wc could 
/have imagined. If a fly an eighth of an 
b long needs several thousand separate 
[ different units to conspire in building 
its structure, how many will prove neces- 
LT for a man ? 

do not know ; it may be not a very 
ch greater number, perhaps the same, 
if wc arc fearfully and wonderfully made, 
s an insect. Let us remember the words 
Sir Thomas. Browne on Ants, Bees and 
itrs : “ Ruder heads stand amazed at 
le prodigious pieces of Nature — Whales, 
phants, Dromedaries and Camels ; these, 
onfess, arc the Colossus and Majestick 
;es of her hand : but in these narrow 
[incs there is more curious Mathema- 
s.” 

esides the common fruit-fly Drosophila 
other species of the genus have 
[1 investigated, and they show a very 
3ar arrangement of the chromosomes, 
igh with certain modifications. In the 
lies D. simulansj for example, it is as if a 
bad been taken out of one of the long 
)mosomes of mlanogasUr, turned round, 
put back with its ends the wrong way. 
other species bits have been taken off 
^nds of some of the chromosomes and 
£ on to others. And so on. 
ong somewhat similar lines J. B. S. 
lane has made a preliminary examina- 
of the comparative anatomy of the 
“nosomes of rodents (rabbits, rats, mice, 
pmea-pigs) based on the mode 

corresponding colour- 

-ties m these ammals. 

^ comparative 
mr^ “finitely UtUe is technical 

not Diirl'^'^ general, and here we 
pursue u farther. 

§8 

Breeding-Some Practical 
Applications 

“"'s and obis charactm of animal* 
tlly different strains and axws 
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Fig. 176. Diagrams of the chromosomes of 
various species of Drosophila. 

The uppn group is Drosophila melamgaster (Fig. 
775) . Sometimes f however ^ the dot 4 ike chromosomes ore 
absent ; sometimes the place of one or both of the V-shaped 
chromosomes is taken by two rods corresponding to the two 
arms of the V ; atul sometimes the rods are bent up into 
small V*s. In addition, the proportions of (Afferent Jumo^ 
somes and parts of chromosomes nm d^er, XX denotes 
the sex-chromosomes (see Chapter 6 ). (lifter Metz and 
Moses in ** Journal of Heredity.^*) 

them, the first hybrid generation will be 
uniform, but in the next there will be a wild 
effusion of all sorts of combinations of the 
characters of the parents. 

This fact is obviously of practical import- 
ance, If a breeder who possesses a good 
strain of animal or plant then finds another 
strain, in itself of poor general quality but 
with one desirable character which the first 
lacks, and if this desirable character depends 
on one or a few Mendelian factors, then by 
crossing the two and subsequently selecting 
from individually tested specimens in the 
second and later generations, he can bidld 
up a new synthetic strain, a new vital com*^ 
pound, in which all the desirable qualities 
of both types are united. 

This method has been applied with great 
practical success to wheat by Sir R(y«^aiid 
Biflfen. The National Association of ^tidi 
and Irish MiHers, dissatisfied with the wheats 
at their disposal, requested BiflSm to trv to 
improve They demanded a bearoless 

wheat, immune to the fungus disease known 

m 




as tu9t, nvi^ a pat 

hard *’ griun» rioiin gluten, 
milling and bread-making 
known variety combined all these characters, 
so Bi£fcn set himsdf to make one. He crossed 
a rust-resistant grain of low yield and p<^r 
grain-qu^ty with a wheat of good quality 
but great susceptibility to disease. All the 
j&st generation was susceptible to rust. 
This was no discouragement to a Menddian, 
so kffen obtained a large second generation 
by self-fertilization, and his expectations were 
justified by finding, among the large number 
of recombinations which appeared, some 
plants which combined rust-resistance with 
the desirable qualities of the susceptible 
stock. The two main strains which he 
manufactured by Menddian principles, 
“ Little Joss ** and ** Yeoman,” though only 
put on the market in 1912 and 1917 respec- 
tively, by 1927 occupied about a third of the 
wheat-growing area of the world. 

The American plant-breeder, Luther Bur- 
bank, who died m 1926, employed similar 
methods. He used to cross two widdy 
separated varieties or spedes, from the 
dmppointingly uniform first generation 
raise a huge second, and then select the best 
types from this. His white blackberry was 
one success among 65,000 unsuitable com- 
binations ; the parents of his edible spineless 
cactus were isolated firom among hundreds of 
grandchildren of a cross, some of which were 
more hopdess in appearance, more spiny and 
more woody than dther parent. Among 
two thousand in the second generation of a 
cross between Oriental and Opium Poppy, 
no two were alike. The variety of forms 
available as the result of this method is 
very considerable. Thb, of course, is en- 
tirely in accord with Menddian principles ; 
the variety of new types is due to new recom- 
binations having t^en place among the 
many different genes brought in by the two 
parents. Curiously enough, Burbank did 
seem to realize this. He was a Menddian 
without admitting it. 

But the most remarkable success so far 
achieved in applying genetic prindplcs lo 
commercial practice has been the work of 
that pnu^tical people, the Dutch. In 1928, 
two-thirds of the total sugar crop of Java 
(a sugar crop second only to that of Cuba) 
was grown from a pure stock of sugar-cane 
known as “ P.O.J. 2878/’ The next year 
over ninety-five per cent, of the crop was 
grown from it. This cane (we are utuiziitf 
the information in Mr. Ormsby^Gm^ 
interesting rraort on his visit to Malaya,> 
Ceylon, and Java in 1928) has a yidd pcf ' 



Javanese cane whkh, though v^^rv 
to diseaM, mtekt m sugar % 

judiaous admixture of genes from 
cultivated varieties, led by 
production of this new and 1 eallv m 1 
fous P.O.J. 2878. Its fidd tests loTj 
more years, and it then began to be Lj 
commercially on the large scale. InS 
ally, it is very interesting to find thaS 
improved variety has one hundreds 
twenty chromosomes instead of the forty 2 
prindpal cultivated ancestor in this reJ 
providing a sti^ parallel with wfi 
whose high-yidding varieties all have fom 
two chromosomes instead of the fourteen c 
the most primitive wild wheats. 

Java is smaller than England, but, thoud 
almost entirdy agricultural, has morepcopl 
in it. The feeding of these multiplyij^ 
millions is becoming a serious problem. . 
Mcndd in his monastery garden ; Hertwi 
and Boveri and the other cytologists strainiij 
their cyrj down their microscopes to look l 
chromosomes ; Morgan in his “ fly«rooni* 
at Columbia— who could imagine that thd 
work would so soon, and on such a gran 
scale, help to solve Java’s social problcan 


Is Jnbresdin^ Evil? j 

Inbreeding has been looked upon wi^ 
suspidon by many men of many raej 
There may be rdigious taboos upon! 
practice among human beings, such asj 
evideimed In die Tables of Consanm 
to be seen on the wails of our church«; 
there may^be ratbnal (or at least ratiofl 
izai) objeeddns urged against it, as i 
widespread bf^tion to cousm-mam^ 
the will 

chiuS^^ of Uie fductance 

by dkxe 'WitdBdB*; . tad 

'its size, 



: iiicans a unr 
Ijjbes where ini 


the least: 


*!liiimals and 



*''‘^brd "nd show nocvWleatdjgiicri^ 

y‘^ j, mie, for exampte, of 'the SWnt 
rJte -f le«ey and Gucn>^,«tt»e. 
l«?of .nany breeds of cattle, li^, 
Hdl,‘r Pig,, on the other hand, 
lot^usuall' so closely inbred ; and they 
Irate" much more re^y on m- 
£ In Nature, thei« are s^es 
n a rule and even mvanaWy fertihzc 
Xs Aua..tg plants, such femiliM 
f.,s brans, wheat, and tobacco may be 
among .minials, certain parasitei such 
i;rculina and tapewonns-whi^,_ m 
,of thfir cihical level, are very efficient 
glieg! A classical example of actual 
^meid of a stock by inbreeding w the 
^inicnt of Miss King, at the Wistar 
bte, Philadelpliia. Miss King practised 
Lr*and-sistcr matings on a strain of 
io rats for generation after generation, 
png vigorous individuals. After twenty 
ations'’orthis her rats were all the better 
; the average weight was higher, the 
ty (nuinhei of young per litter) had 
ased, and even the individual life-span 
engthened a little* To-day, after more 
fifty generations of inbreeding, the 
i is still going strong, a standing proof 
inbreeding is not harmful per se, 

‘general, nevertheless, it is true that an 
jd stock degenerates. And the opposite 

[ true : a cross between separate strains 
y produces strong, vigorous offspring, 
body has heard of the stimulating 
‘ fresh blood ” on a race. Pig- 
Jers who want rapidly maturing animals 
con are in the habit of crossing two 
:nt breeds, for they know that the hy- 
iniinal will grow up more rapidly than 
stock. The same method is often 
|sed, for the same reason, with cattle, 
^ and poultry. Even when the result 
‘OSS IS sterile it may exceed its parents in 
' Jhc strength, endurance and resist- 
disease of the mule are well known ; 
lie hybrid of a radish and a cabbage 
a rampant bush ten feet in height 
there are exceptions, and a 
y not exceed its parents as conspicu- 
sisexnecfpH 


s expected. 

first sight, rather lawless 

■ and been swqrt and 

• is S' ^ ratiooale'of the 

. P^ain enough. - ■ 

“ * fauiiiy of brother, 


IHicy win four 

parent, ^ght If, on 

the other hand, one of the gwdparcntal 
couples had been a brothcr-wd-sistcr mating, 
the family will only have six great-grand- 
parents, or if their father and mother had^ 
been brother and sister, they would only have" 
had four. So that inbreeding diminishes 
the number of ancestors contnbuting to a 
race—thc number of different strands of 
germ-plasm that tangle and blend within it. 
And, indeed, it is found in practice that a 
strain which has been long inbred is more 
homogeneous, less variable than one which 
is cross-bred and mixed. 

To make the idea clearer, suppose that we 
with a mixed stock (let us say, for 
simplicity, of pink Four-o’clocks) and leave 
them alone to interbreed without any form 
of control. Pinks, whites, and reds will 
appear and mate ; the genes will mix and 
separate and mix again. And nothing very 
much will happen. But suppose that we 
force the plants to fertilize themselves — 
the extremest form of inbreeding. The pure 
reds will produce pure reds and the whites 
whites ; but the pinks will produce reds, 
whites, and pinks. So that the proportion of 
pinks will diminish generation after genera- 
tion. In a word, such an inbred stodc tends 
to sort itself out into a number of races, each 
purc-breeding and homogeneous. Now we 
noted that genes may be dominant or re- 
cessive, and that a recessive gene may be 
carried hidden in a race mastered by its 
dominant companion, and may continue so 
for generations without showing itself. This 
is true, for example, of albinism in rabbits, 
of her^itary deaf-muteness in man. The 
effect of inbreeding on a stock will be to 
unearth these hidden rcccssivcs. They will 
be brought together in pairs, fteed of thdr 
dominant neighbours, and so made to rev^ 
themselves. In rabbits, if there is albiniipi 
in the strain it will ajipear ; in the human 
example deaf-mutes will turn up. .^d the 
opposite is also true ; cross-breed^ will 
conceal the rcccssivcs by increasing Ac 
chance of Acir being submerged by domin^ 
ants. (Figs. 177, 178.} 

Clearly Ae relative merits of inbreedfog 
and outbreeding will depend simply on Ae 
recessives that A||||ftmn in question is 
carrying. If Aey^lrc harmfol 
inbreeding will be badimdouAreodiog 
if Aey are derirable 
l^beOrue. In Aecas^^lilpii^^ 
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Pink 


2 1 J ? ? f f 

-^- of ^"‘'’'oeding. 

* J ^ hurt whiU strain ; nsultf all pinks. The pinks m t 4 
A hurt red streAi «f Four-o' clocks '‘‘’o^^^^^hius, 50 per cent, pinks (j« Fig. 170). The fyUiKm 
Vestll, .as P« “«[ P"‘ 7 *^' t^centke of mixed (pink) plants, an.! doubles Ihatojpesui 
again inbred ; each generation of tnbreeatng no* 


any fonn of inbreeding « to be awrded 
brother-and-sister marriage 
dangerous indeed, and even 
woJd be running a consideraWc 
Consorts should be chosen fro 
unrelated famihes. But m the 
carrying rabbits the reverse «“8bt be the 
their breeder wanted albinos he 


1 


■ QQ19. 

- 6^. 


should inbreed them, and the closer 

better. . 

If it be true (and, as a matter of fact, 1 
that this idea of the concealment or ap« 
of recessive genes b enough to explain 
results of crossing and inbreeing, we « 
find in it an explanation of the fact tto« 
great majority of case cto mbr 
* quite obviously bad and oa 

S quite obviously invigort 
But to do this 

, the conclusion of a later 

A species b "Ot a stad 
but an evolving thing, h » 
sttntly being I»!“bed andij 

Iw its surroundings, by 

K of the en^«- 

fevours some van 5;^ 

out ot^. .^^geifflf 

besaidtopickov^ 
ofattedesandwerfw,^^ 

Ij0 wpich it 


on; 




. ^ ^ ^ ^ 

I * . thmgt “e ‘^“" ^Bioief 

Fig. 178. Howcousinnl^iagesmyrevedTemsivtdeJecU. 

A ^pedigree of deef-nufm. 0« of Ike >» ge« 

Honl) must have carried the recessive gene for SV^ , donunai'^^ 

SH./ X, wko ^ in from IS&S and eithtf 

were first cousins, C and D were secondjouswo Jn me 

manure produced deaf-mute ehildrenn {Afttn Alwoeme) 
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iwed to 

Theyiiwyltif**® 
minanis and odv 

over than the doimnantt. _ So that the 


the whole, will be a better, 
,*1 butK-h than the receive! ; the 
«, on the whole, wiU be the skd^n 


OT^r tttpboard of th_e^e._ Tim, 
.,uell is the reason why inbreeding, by 
n, a scum of reccssivcs to the surface, 
most cases lower the average standard 

l^low'let us note a case in which these 
nlcs were used deliberately for the un- 
dent of a stock. East and Jones, 
ig in America with maize, secured 
e inbreeding by making the plants 
:e themselves for twelve generations. 
:ame the recessives, and the plants 
Lted into a number of true-breeding 
There were strains with round or 
lolourcd or colourless cobs, with long 
irt cars, with more or less seeds on the 
vith large or small grains. And the 
3n in the race-cupboard came out also ; 
were stunted strains and infertile 
s, yellowish and albino strains, strains 
ularly susceptible to fungus diseases, 
s unable to stand upright because of 
malformed roots, strains with distorted 
Thus the genes were sifted out and 
jd. After this had been done the most 
ible strains were picked out and rc- 
id with one another and thus a breed 
ibtaincd with all the fine characters of 
riginal stock, but purged of the con- 
“ recessives which made them throw 
le sporadic abnormalities that deface 
t any field of maize. 

ts inbreeding may boused to purify a 
of the harmful cargo of recessives that 


muggling. It is a long and expensive 
8) hut it can be justified by the good 
f and uniformity of the final product. 
* already been found to pay com- 
y with maize and sugar-beet, an 
lage both to farmer and seedsman. 

? future the 

a will be applied to many other plants, 

^ animals, with 

profitable results. 

m question of human 

^ard is at ptesent so 

, Man we should or should 

■ anH? . ^yolvtd recenUy and 
s so mixed and cross**bfed that 


, * a hann&l 

mmivt in a li^yi inbreeding should 
certainly be avoided* But it is not in any 
sense harmful in itself For several genera- 
tions, cousin marriages between the closely 
related Darwins, Wedmoods, and Galtons 
were frequent Charles Darwin himself 
marri^ his cousin ; and among hb children 
and his grandchildren alike there have been 
several distinguished bearers of the same 
penetrating yet patient scientific capacity 
which characterized him, his cousin Francis 
Galton, and his grandfather, Erasmus Dar- 
win. 

Perhaps in years to come our descendants 
will look with intelligence over their pedi- 
gree, and if there is a probability of recessive 
genius in a family and no reason to suspect 
a grave recessive taint they will deliberately 
encourage inbreeding. A rather grim Utopia 
might* be devised in which for some genera- 
tions, on the pattern of East and Jones’ maize, 
inbreeding would be maefe compulsory, with 
a prompt resort to the lethal chamber for 
any undesirable results. A grim Utopia, no 
doubt, but in that manner our race might be 
purged of its evil recessives for ever. 

Even to-day, Mr. Everyman, faced with the 
issues involved in a cousin marriage, b no 
longer standing in fear before a superstitious 
mystery. He can begin to weigh the risk 
and the advantages in the rational spirit in 
which he would approach an investment or a 
business undcrtalun^. He can consider hb 
forefathers and weigh the quality of hb 
prospective relations-in-law. 

§ 10 

Reversion to Ancestral Type 

Another matter that we may profitably 
discuss in the light of recent discovery b the 
question of Reversion. If a number of fancy 
breeds of an animal or plant be turned loose, 
the population tends to revert to the ancestral 
wila type from which they have been derived. 
The pigeons of London and Venice are mostly 
colour^ more or less like the blue rock 
pigeon, although they were originaUy 
lilSMtcd as fancy breeds. Sweet peas may 
revert to the wila purple flowcr-coiour, and 
so on. Thb tendez^, being in apparent 
opposidon to evoriidonary progress, has 
Imn made much of by the opponents cS 
evoludon. ** It has been found that eveiy 
* variety ’ produced ardfidally, If left to itsda 
for a few generadom, reverfi to the orig^^ 




■' ■' 'titit at 

stateitiM is a distortion. 
occurs When ijffmni varieties arc Ototo* % 
never occurs in genetically pure stocks* 

Let us analyse a simple example. It is 
sometimes found that when a blacit rabbit is 
mated with an albino, both from pure- 
breeding stocks, the offspring arc neither 
black nor white, nor arc they an inter- 
mediate grey or piebald ; they are a brown- 
ish colour like wild rabbits. This occurs 


Ugglc 

■' 0 ^' ' 

piebiM. & caie 
of the crow be very 
crowng does not necessarily d^' ^ 
vision. We mention this to 
reader how^pHcated the inte^J 
genes may be. ^ ^ 


sometimes, not always. In such a case we are 
simply d^ing with the shuffling of two 
gene-pairs. There is one recessive gene 
which prevents any kind of pigment-forma- 
tion in the rabbit, even in its eye, and which 
produces albinos. There is a second and 
quite unrelated recessive gene which blackens 
any pigment that may be formed. Now, 
since both these genes are recessive, the first 
cross-bred generation is normal, i.e., grey- 
brown ; the black parent has introduced the 
dominant gene forj)igment-formation, while 
the albino has introduced the dominant 
gene for brownness. 

If these so-called reverted brown rabbits 


used to cover another quite difFeremJJ 
happening,, wh^ the appearance? 
Mccstral type is due not to hcreditarvil 
^tipn, but to ^ ^t of develop? 
pus B well lUustrated by certain 
hare-hp, m which a groove connects tM 
nostnl with the mouth. This state of i 
IS permanent with dogfish, and is dm 
through by the embryos of higher arSl 
Sometimts the grooves fail to close, andtb 
the priimtivc condition persists into ad 
life. It is, however, much better to label 
such cases as arrested development. 


are inbred they will produce a mbced 
generation including blacks and albinos in 
the proportion of nine browns and three 
blacks to every four albinos. The brown 
colour, being dominant to the other two, 
will be in a majority in the resulting popula- 
tion. 

Evidently there is nothing very mysterious 
about this “ tendency ” to reversion. The 
ancestral type simply turns up as one of the 
possible arrangements of the genes which the 
two parents have contributed. Moreover, it 
has little to do with evolutionary progress, 
because the crossing of distinct varieties is a 
rare occurrence in Nature. Reversion is 
only observable under highly artificial con- 
ditions. 

The case of the London pigeons is similar. 
A number of different fancy varieties were 
liberated and they bred together and one of 
the shuflRinp of their genes happened to pro- 
duce the wild type. Since most of the varia- 
tions were recessive, the wild type increased 
rapidly and submerged the others. And so 
with the sweet peas, and with many other 
cases of reversion when domesticated races of 
animals or plants arc allowed to interbreed 
Irecly. 

One mow point about the rabbits. The 
cross black with albino docs not invariably 
ptoduce brown. The albino gene prevents 
the fiifinatitm of pigment alu^ether, so there 


How Muck of Inheritance is 
Mertdelian ? 

The Mcndelian laws, wc have seen, are 
service both to the practical man and 
cleaners of cobwebs from our general idi 
about heredity. But are they the onlyla\ 
May there not be other modes of inheritai 
besides the Mcndelian one ? , 

There is a small group of cases in will 
inheritance is very evidently not Mendclii 
It includes a fcwjplants—of which avaij 
of our friend thq^our-o’clock is one-^ 
have variable patches of green and white; 
their leaves, and it concerns the inhentaj 
of those patternings. The green pirt 
plant tissue is contained in special nw 
bodies that Boat in the cell, outsidy 
nucleus, and arc called plastids, J 
piasti^ iprow as the cell grows an | 
proliferate in an independent ji 
own, dividing by pulling themself 
halves. Thir reproduction has no 
to ihe rhytiim rf thvision 
cell that contains them, and 
tumult of <prtilvilion they are 
random* iOCDc bpip ouc daugm j 




, 'a]gaf ' hs' 






captive J 


Lf orgai.i^m : 

“ ^e tht- bearers 


Aal greenness from Its paratt. _ 

t in variegated plants hkc the Four- 
mIc some of the plastids are abnormal and 
tain no chlorophyll, though behaving in 
3ther resper.is like their green neighbouTB. 
i in their gmerations these plastids, these 
rpendently multiplying bodies inside the 
breed true. If a cell contains only 
>n pla.stids, all the cells that proliferate 
n it will also contain green only. If it 
tains white plastids, all its descendants 
be white, and its proliferation will 
duce a whi te patch on the plant. If a cell 
tains some of each they will be divided 
^veen the daughter-cells at random ; one 
f chance to get all the white and one all 
green, and one will get a few white and a 
Dfgreen, and so on. There is little ordcr- 
!ss in this method of inheritance. From 
1C facts one can infer the results of sexual 
1 asexual propagation in the plants in 
sliori. An egg-cell, or a shoot from a 
ure-green ” part of the plant will itself 
pure green ; one from a “ pure-white ** 
t will be pure white ; one from a mixed 
t may be anything. And the male parent 
no effect whatever on the colour of the 
pring because there is no room for plastids 
he pollen-grain. Thus there arise various 
mutations and combinations, but without 
disciplined regularity that characterizes 
tidclian inheritance. 

It these plants, then, there is inheritance 
dikh the nucleus is not immediately con- 
led. It is inheritance through the rest 
he cell. And it also differs from Mcndcl- 
inlieritance in that the male parent has 
f tittle .say in the matter because his 
IS practically all nucleus. The 
ton naturally arises, do such phenomena 
elsewhere, outside thb little group of 

lerXv^ ^ 1^" animab, b tte whole 
im anJ to the nuclei of the 

krSrfr^'' “ aQutc No. 
fto Sin “ instances that 

^‘»es bi t inheritance in 

N to b“’ th'‘ the evidence 

iptionai o ri I instances are very 

II many-celled creatures at least. 


I'ransmitted ai least, 

Wian‘*prinripkf'"” 


apparently IhhnriSttjw^ iwiii-nudcar, r 
It is po^ble to Imk tqxm the id^ihoMiiiie 
a later cvurftitioii, a thing 

. . ^ ^n-nuclcar inheritance, Co- 
existuig in the higher animals and plants with 
a more ancient mode. There arc authorities 
(of whom the late Jacques Loeb was the 
most dbtinguished «ponent) who hold this 
viw. They believe in two different methods 
of inheritance— the “ species ” method and 
the “ variety method ; the former, they 
suppose, is something more basal, co-existing 
with the latter, and presumably carried on 
by the cytoplasm. According to these dual- 
ists, it is usually by this former, the cyto- 
plasmic or “ species ” method, that the race 
evolves. 

A similar dualism, it may be, presents itself 
in the development of the embryo from the 
fertilized egg. It is probable that the nuclei 
do not begin to play a part in shaping the 
growing embryo until the first stage in 
development is over and the rough form of 
the future person is already planned out. 
The egg-plasm forms itself into a crude 
cmbiyo and then the genes take control and 
put in the details. This is essentially the 
former view put rather differently ; the egg- 
plasm is the basal formative agent, the 
designer and builder of the future organism, 
while the genes arc merely painters and 
decorators, putting finishing touches to the 
work. 

Now let us consider what objections can 
be raised to this dualism. 

Firsdy, in the matter of inheritance in the 
bacteria. It is perfectly true that bacteria 
have no definite nuclei. But it has been 
proved that they have nuclear material, the 
same substances of which the chromosomes 
of higher organisms arc composed, scattoed 
tlirough their tiny bodies. 

May it not be that this scattered chroma- 
tin is the only hereditary material tha^ ihey 
possess ? Presumably when the first bacteria 
evolved upwards into creatures with nuclei, 
an elaboration that we must stress as the 
greatest stride ever made in the evolutionary 
march, they did so by a process cf concentre 
tion— by collecting all this scattered stuff 
together into a single central Uob* If this 
process was at all complete, no hereditary 
material would be lefi in the cytoj^tom otilp 
side the nucleus* V 

for the term ‘Aqjcdcs ** o^d 
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inheritance, there is inde^ SlSk 

Either they express a bad idea ot they s^ 
to eroress a new idea b^y. They *“8^ 
a revived of the old belief in sp^es as som^ 
thing qualitativdy distinct from vancty, 
which, M we saw in Book 3, w 
menwer we find fuUy fertile hybn^ be- 

tweenspecies, the i«ult follows th^end^n 

Dtincipfes. And in all the careful breed- 
uig work that has been done on 
an^ plants, except for the planti 

tha t we have already considered, mere is 
hardly a case which is demonstrably non- 
MendeUan. Everything ^ints to pre- 
dominant importance of Menddian her(^ity 
in the great majority of living forms to-day, 
whatever vestiges of cytoplasnuc repro- 
duction may sdU linger in obscurity. 

Finally, in that matter of the developing 
embryo. It is apparently tme »h®‘ ^ 
bryo begins to develop without the con- 
troUing guidance of its own chromosome. 
But brtore it was fertilized it was made in 
the maternal ovary, and then the maternal 
chromosome were fully active. So it is 
peifecUy possible that the propertie of the 
ege-cytopfasm are in the last analysis con- 
trolled by the chromosomes of the mother , 
and it has been proved in a niunber of 
instances that they are so controlled. 

We conclude then by setting aside non- 
Mendelian heredity, that is to say, heredity 
through any other agency than the genes, 
as a process trivial in extent and at present 
too obscure for practical co^deration. 
There are intimations, as we shall sec, ol 
other forces at work, but at present they arc 
very elusive. They demand further study. 
In the following chapters we shall be gvud^ 
in our interpretations constantly by Mendel s 
two laws. Assuming that the genes are the 
normal means of heredity, we shall study their 
method of working. Perhaps the most 
illuminating study we shall make will be 
that of the determination of sex ; there wc 
shall find the most inter«ting examples of 
the struggle between dominant and recessive 
gene-partners, and the way in which they arc 
affected by other and less easily defin^ 
influences arising out of the activity of the 
rest of the genes. 

§ 12 

Sme Common Sup^stitions about 
Heredity 

This is an appropriate place to speak of 
certain beliefs which arc widc^cad enough 
among the general public. They may be 
truly called supersutions, ^ce they arc 

$10 


the science of life V C 


som 


wiAout yyof the huk of fact, * 

underUc breeders* beUefi on inbreeding 
outcrossing. ® ^ 

Of these superstitions, the most imnn^ 
b technically called tclegony or “ 
of the gep.*; pose who belS 
telegony mamtain that the first male to wh* 
a female b mated has an influence upont 
subsequent offspring, even if these area! 
by another male. Thb belief is so y 
rooted, even among practical men, that 
shccp-brecdcrs* associations refuse to 
any lamb whose mother was ever mated ^ 
ram of another breed than her own ; and' 
often occurs that fine pedigree cows’orcwl 
arc slaughtered or sold for a song becain 
they were accidentally covered by a male ( 
another variety. Dog-breeders share the! 
beliefs. On the oAcr hand, curiousl 
enough, the belief does not seem to fc 
strongly or widely held about the matings ( 
the human species. But then human being 
both male and female, with the very rare 
exceptions, trouble hardly at all when th( 
marry about the possible quality of their ol 
spring. 

To-day it b possible to assert without ai 
question that tclegony is a mere fable, wlii( 
could only have gained ground in the da; 
when men were ignorant of the true mechai 
bm of fcrtilixation and reproduction. T1 
supposed instances of tclegony which a 
constantly being reported even toda 
invariably disappear when critical analy! 
b brought to bear upon them. 

Perhaps the most famous example is thi 
of Lord Morton’s marc. The mare, a pm 
Arabian, was mated with a zebra stallim 

and produced a hybrid foal. 0"^ ^ 

occasions, she was bred to » bk'' ta 
stallion, and gave birth to two further M 
These had legs which were atnped even - 
dcHnitely than those of the ^ 

zebra sire himself, and one had 

on parts of the neck also. Inadjo^ 

had a stiff mane of very E 

ance. Darwin himself accepted 

as sufficient proof of telego V' 
deHnitely plann^ and long-contin ed g 
menu were Uie piw P i^j j 

Ewart, for instance, made a 


ho«'’and"zebra ennses to 

of the beUef. men 
to zebras vm aftwward 


jnoi 


were often 

least trace ^. “**** 
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.i,vs with other stallions, made 
been successfully mated once 
tr respectively with a zebra, 


n Ipecl colts were bom to a marc and 
IV .Icy the marc had been previously 
Ttn a zf’bra, Ewart took other mares, 
Av rclatrcl to the first, bred them to the 
Arabiar stallion without having mated 
I previously with a zebra-and they, too, 

iduccd striped foals. ^ ^ , 

n short the production of striping (and 
t of erect mane) in foals is not a very 
common occurrence in horses ; it may 
Jear whether previous impregnation by a 
b has taken place or not. The stripes 
Lord Morton’s foals were a mere coincid- 
ie well illustrating the danger of drawing 
Iciusions from single and therefore possibly 
Optional cases, and the need for systematic 
I repeated experiments. 

(lost of the examples adduced to prove 
ony have the same basis as Lord 
-ton’s. They are coincidences, the re- 
[blance of the later offspring to the first 
being usually due to the emergence of 
le unsuspected hereditary combinations 
be result of the second mating. ^ As a good 
tnple, an actual occurrence in poultry 
;rvcs citing. A Wyandotte hen was 
:essfully mated to a Leghorn cock. Three 
iths later, on being mated to a cock of her 
I breed, she produced a number of 
ches, in which some of the birds had the 
le comb of the Leghorn instead of the 
“Comb of the Wyandotte, But single 
ib is recessive to rose ; and we also know 
there has f)een a considerable infusion of 
le-comb Leghorn blood into many 
lern strains of Wyandotte ; so that the 
sional mating of two Wyandottes both 
png the gene for single comb would not 
^rprising, and would account for all the 

He or two cases, however, may have a 
rent explanation. In many animals the 
^ of the male continues active for a 
cierable time in the genital tract of the 
In bats, for instance, impregnation 
T ace in the autumn, but the spdftti lives 
e female until the following spring 
« ftruhzation takes place. In lomcstic 
sperm can continue to fertilize eggs for 
' eeks after insemination, and in 
f ™pregnaUon will suffice for a 
circumstances 
persist and 

^ male i “ matog with a 

1 then i apparent tdegony 

f .‘hen be the result of the ordirauy 


processes of heredity, not of any new or 
special influence. This explanation, how- 
ever, will not hold for mammab if pregnancy 
and birth follow the first mating. 

In these ways the phenomena attributed 
by superstitions to tclegony arise. But 
think how rarely they arise. We must not 
forget’ the enormous mass of negative evid- 
ence. In mule-breeding establishments the 
mares arc usually put to horses after three or 
four inmregnations by asses ; and yet no 
trace or ass-characteristics then appears in 
their offspring. And in experimental breed- 
ing it is the commonest ^ng to mate an 
animal of new or unusual type with a number 
of different mates ; yet no cases of tclegony 
have turned up in the laboratory. 

The converse belief to tclegony — that a 
m^e’s subsequent performance will be im- 
paired by a mating with an inferior female — 
is also still held, though by no means so 
widely or tenaciously. This idea of “ infec- 
tion of the male ” is even less credible than 
tclegony, and the evidence in support of it is 
utterly unconvincing. It is.to be hoped that 
both these beliefs will rapidly die a natural 
death, as in many ways they hamper the 
progress of scientific breeding, as well as 
involving breeders in considerable but 
unnecessary financial loss. 

Another very widespread but baseless belief 
is that in maternal impressions. This dates 
back to very early time, as is evidenced by the 
account in Genesis of how Jacob (somewhat 
dishonestly, it must be confess^) utilised 
his knowledge of the process to procure 
greater riches for himself. Laban having 
promised him all the cattle and sheep and 
goats that were “ ring-straked, speckled and 
spotted,’* Jacob “ took him rods of green 
poplar and of the hazel and chestnut tree ; 
and peeled white strakes in them, and made 
the white appear which was in the rods. And 
he set the rods which he had peeled before 
the flocks in the gutters in the watering- 
troughs when the flocks came to drink. 
And the flocks conceived before the rods, and 
brought forth cattle ring-straked, speckled 
and spotted. . , . And it came to pass, 
whensoever the stronger cattle did con- 
ceive, that Jacob laid the rods before the eyes 
of the cattle in the gutter, that they might 
conceive among the rods. But when the 
cattle were feeble, he put them not in : so 
the feebler were Laban’s and the stronger 
Jacob’s.” 

To-day it is in the field of human repro- 
duction that this superstition is strongest. 
In spite of popular c^ulity and scriptund 
authority, however, there is no wiurant for 
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the bdief. There exists no possible machin- 
ery by which a pregnant mother, shocked by 
the sight of some deformed cripple or 
frightened by a negro, could influence her 
unborn child so that it should grow crippled 
or acquire a dark skin. Not only is there no 
nervous connection between the mother and 
the child in the womb, but no connection 
by way of the blood. All that passes be- 
tween them passes by indirect channels, 
dissolved or secreted through the vessel- 
walls. 

How strong the superstition may be is 
shown by an incident that actually occurred 
quite recently, A breeder of Black Aberdeen- 
Angus cattle was disturbed at the number 
of red calves bom in his herd. He accord- 
ingly went to the expense of erecting a huge 
p^isade around his paddock, which he then 
painted jet-black, so that the cows at and 
after conception should never have any 
colour but black before their eyes. But the 
explanation of the red calves was in reality 
very different and very simple. In all 
mammals this type of red colour is recessive 
to black ; and his black bull and some of his 
black cows happened to be carrying this 
recessive red, with the obvious result that 
one-quarter of their offspring were pure red. 
A knowledge of MendePs First Lawand a little 
patience in testing his breeding stock would 
have saved him that expensive stockade. 

The followers of M. Gou6, the apostle of 
auto-suggestion, have asserted in print that 
auto-suggestion by the mother can influence 
the character and talents of the unborn child ; 
that therefore, we may presume, properly 
conducted meditations on Greek sculpture 
will make him beautiful, and that musical 
talent, intellectual gifts, or strength of 
character can be induced by the same means. 
This, of course, is mere magic. To repeat : 
“ Every day in every way I am growing 
better ” — or cleverer, or stronger— may have 
an effect upon one’s own mind, but cannot 
conceivably have any upon the embryo 
parasitic within one. 

There is a tale of a Catholic Coueist, a 
lady of uncertain age, who during confession 
said she must avow one sin, that of looking 
in the glass every morning and repeating : 
** Every day in every way I grow more and 
more Ipvely.” To which her confessor drily 
replied : ** Madam, that is not a sin, that is 
a mistake.” But to make such an assertion 
about the influence of suggestion on the 
^ unborn child is not only a mistake : it begins 
to be a sin, for there is no excuse in the present 
state of knowledge for making it, and it 
rouses hopes that cannot be fulfilled. 
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It b right and proper that an 
mother should take evety possible 
her general health, but %gjene she* 
rational and as free as possible from ° 
stition. The sooner the belief in ni 
impressions and the suggestibility 
disappears, the better ; it can r 
nothing but wasted time, and a cron^nf 1 
hopes, unnecessary fears, and 
troubles. 

Breeders cherish many other unw;,n. 

beliefs. There is an amusing tang^ 
about sex-determination which 
touched on later. Another very 
spread belief is that there exists 1 . 1 
called “vigour,” a vigour that c? 
seen in the health and strength and activi 
of the individual creature, which enable 
to stamp its own personal characteristi 
more indelibly on its offspring. Suppose I 
example, we mate a black bull with a’r 
cow ; this belief would have it that if theb 
is strong and vigorous, the chance ofbla 
calves will be mater than if he is weak a 
ailing. And all sorts of further embroider 
of the theory have been made. Here aga 
however, careful experiment has shown tl 
there is nothing in the idea. So long, 
appears, as the organism is not so feeble as 
be incapable of reproduction, the genes whi 
it transmits arc working genes and their sh 
fling and assortment go on in the usual wi 

We do not, of course, imply that all si 
have equal powers of affecting the offsprii 
Some have a higher proportion of dominj 
genes than others, and will therefore 
responsible for more of the characters tl 
appear in the ofiroring. This is the explai 
tion of what breeders, in pre-Mendelianda 
called “ prcpotcncc.” But there is 
reason whatever why such prepotence shoi 
manifest itself as unusual physical well bei 
in its possessor. ^ . 

A somewhat similar idea is that individii 
which arc ill or under-developed or p 
their prime will dvc less vigorous oifspr 
than their more healthy or youthful nw 
In females there is an obvious basis lor 
b^ef,^ the female has the nursing 
unborn youn^.‘ But in^ mal^^ jt 


not to be true. 


in 

However ill oro 


iincLKi may be ^ 

which he slrci will not be affected, p 
he is able to sire them at all. 


the character of the onsp 
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[fhe can sull produce spermatozoa capable 

fertilizati-M, they will, it appear, still be 
rmal pnmcr here- 

arv outfit i n full working order ; if they arc 
normal, tin y will be incapable of effecting 
tilization. The unwillingness erf breeders 
use old sii<s has meant that there is'Httle 
jual evidriire bearing on the question ; 
t there is ph nty among human beings, in 
shape of (he children of marriages of old 
in and youn^ wives. There is no evidence 
atever thai such children are less vigorous 
healthy t)r intelligent than the children of 
jnger men, any more than that the 
Idren of women over forty are in any way 
ow the of the children of younger 


mothers. So long as the human frame 
go on producing reproductive cells, 
me reproductive cells continue eternally 
the same, themselves neither ypung nor 


Such views as we have dealt with were 
excusable in the days when men were still 
groping m the dark for any clue as to the 
mechanism of heredity. They are so no 
longer. To-day the main principles of that 
mechanism are clear. Practical bre^ns 
will never cease to be an art ; but it now hsu 
the opportumty of becoming a science as 
well, and is doing so by shedding the super- 
stitions and often meaningless traditions 
with which It IS still encumbered. 
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§ > 

Normal and Monstrous Development 

W E have described the machinery of 
heredity— the chromosomes and the 
chains of unit-genes along them. We turn 
now to an account of individual growth and 
development, which is their concrete realiza- 
tion. We propose to watch the mechanism 
at work and to glean what we can of how 
it works. 

The science of Developmental Physiology 
is still largely in the stage of preliminary 
enquiry. Its known facts arc scattered and 
somewhat fragmentary. Particularly is this 
true of invertebrate animals. But there arc 
signs of a coming synthesis. In the last 
thirty years astonishing progress has been 
made in our knowledge of heredity, of vital 
physical chemistry, of internal secretion, of 
the forces that determine the early shaping 
of the egg, and the various branches of 
investigation are reacting upon one another 
even now. In this chapter and jhc next we 
shall note some of the main lines of work in 
this field and the way they arc beginning 
to inferact and to illuminate one another. 
Much of the work on vertebrates has been 
done on the very accessible eggs of frogs 
and newts, and in what follows, where they 
do not state the contrary, the reader can 
assume that we have these Amphibia in view. 

The fertilized egg divides and subdivides 
again (fig, 182). The mass of cells thus 
accumulated forms and organizes itself ; the 
rudiments of various structures appear ; 
gradually the parts arc differentiated, finished 
and perfwted. Finally, from a single proto- 
plasmic globule there has arisen an elaborate, 
functioning living crcatiu-e (Fig. 98). What 
arc the laws that control this orderly self- 
modelling ? 

The first stage of development is the 
establishment of a direction lot the future 
embryo. When an artist is about to draw 
a complicated picture he roughs it in, very 
faintly, in pencil, to decide where the main 
masses ancl lin« will lie. So with the egg. 
The first thing it has to do is to make up its 
mind, so to speak, which parts of it wifi be 
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ammab and plante havcT 
axis about which their bodip. 
metrical. In man and 


rig^ and front and bark. 

• a dr... 
bodies are 

generally, it b the IbT of "the 
And human symmetry, like that 
many-celled animab, b bilateral ^5 
consists of two more or less equival „ .T 
In a polyp or a sea-urchin, where 
IS ratfial, the main axb runs from thr”””* 
down the stem. I„ a tr« k n, “"“I 
trunk. “P 

organization of tkea 
mmt be then the achievement of this J 
In some eg^ this b decided only i 
they are laid. In the bladder scL 
Fucus, for instance, it b the direction of il 
light fdhng on the fertilized egg whi 
normally determines what position the tv 
ends of the future plant shall have ; and 
the laboratory weak electric currents a 
be made to do the same for it. 

Usually, however, it is not the outer wor] 
but the mother that determines her o 
spring’s front and hind end, by impress! 
an axis on the unfertilized egg during 
growth. In the simplest cases the end of t 
cgg-ccU which comes to the surface of t 
ovary becomes the future front-end. Wb 
there is much yolk in the egg, more 
generally deposit^ near the future hind-ci 
and the amount padually diminishes I 
wards the firont. Yolk is food laid aside 1 
the growing embryo, an inert, cumbersoi 
substance, and it delays the inter-play 
physical and chemical processes that cfl 
stitutes the life of the cell. In the front cl 
where head and sense-organs and contj 
are to be devebped, where the finest worki 
to go on, it would be most in the way. « 
thinust to the less important hinder regw 
So that there is a gradient, so to 
activity fiom front to back, along 
axis : and even when no graded airaiOT 
of ycJk il vbiWe, the gradient m g 
teems to be Ihcaw^, The ‘ go 
fore and Wnd ends fa ' 
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^tysfradient* which tic the 


When the sperm first pri^ .the w It is the activit 

jtoplasm 


Is and eddes slowly round, 
this streaming which draws the 
id and sweeps the two nuclei 
It is during this excitement that 


d it IS 

-rmhead 
tether. 

: bilateral s)-minetry 


for 


is determined. *In 
instance, on the side 


frog’s cg(T, ™ 

Dosite that on which the sperm happens to 
^ its way in, a pale patch appears (owing to 
t sucking-in of pigment from the surface), 
is “ grey crescent ** marks the middle of 
i future back. Before this moment, the 


; and hind ends, but was without 


*1 wc micr 

wm, wc alter the proportions of the future 
embryo. A scries of experiments by the 
^cncan workers, Stockard and Child, have 
draonstratc^ this. By taking segmenting 
luh or frogs eggs and inunersing them for a 
short time in various dilute poisons and 
narcotics, strange monsters can be pro- 
duced the frontmost parts orthc 

head. When, as often happens, all the region 
m front of the eyes fails to develop, the two 
^cs appear united into one at the extreme 
front cnd~we have made a cyclops. The 




[ had fore . 

ik or belly, right or left. Where 
shall appear is imposed upon it 
(n without by the mere accident 
Inhere the sperm makes its attack. 

I insects, however, the egg is 
^dy bilateral when laid. Here 
Kitions within the mother’s body 
Idt all the embryo’s future 

i ction-lines. 

sually, the egg directly after 
lization has no more than this 
iminary ground-plan marked 
The only internal organization 
ossesses consists of graded differ- 
5s in the distribution of yolk and 
icd differences in vital activity, 
he frog’s egg, for instance, there 
ne point of high activity at the 
i end, another on the future 
lal side. The chief activity at 
stage is cell-division (segmenta- 
, and the faster it goes on, the 
Her the resulting cells must be. 

)rdingly, the points of high 
jty are revealed as regions of 
1 cells. 

tie most interesting fact about 
Jgpt this stage is that it behaves 
single whole and is capable of 
Drts of adjustments and rcgula- 
n It IS tampered with—a faculty 
ned later most conspicuously to 

5arly phte” bTdivfd^Pd^^^ explanation is simple. A high degree of 

e hair tight round k activity is necessary for the elaborate head- 

.e"' It. and both halv« region to develop. When the activity is 

reduced by drugging the egg it is insufficient 
to perform its task. What develop in the 
place of the head arc those structures which 
demand a slightly lower level of activity for 
their formation. Wc.get a fore part con- 
fused, deflected and incomplete like the 
statement of a failing mind. 

r r*«''Ucai)le ; twn ^ ** high-lcvd ” 

r put together and ^ans by flattening the main a^vity-gra- 

f single animal. ^ ^ dient, wc Ought to be able to encourage thm 

by steepening it. Some recent exjiertiiienlai 




Fig, 179. Artificial control of development, 

^ a ^vthping newt's egg has been separated into two 

hows by tfine hair ; the result (below) is a pair qftwin ntwU 
tadpoles. Right, the egg has only been parHaUy constricted; the result 
is a two-headed nwnstrosilfy. 


- lato two Dy tyinir 
it. and both halva 
pX?n to '^hola, and 

hairn"°,™® Ifwcdonot 

•'slves 1“'"® *1*® 


partial 

Most 


^ ^ ^ similar 

And »®8- 

i) Drart;....!.! convene experiment 
two ^ 




Fig i8o Som mmtrodties du£ io abnormal development. 
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seem to indicate that this is so» Strychnine 
and caffeine are stimulating drugs ; and 
fish and frog eggs treated with them in ear y 
stages grow into embryos with abnormaJiy 
large heads and abnormally small tail- 
regions. Another method is to expose 
segmenting eggs to high temperature at one 
end, low at the other. When the future head, 
the region of high activity, is 
activity is depressed and rather small-headed 
tadpoles are the result ; and vice versa. F 
the present we are confined to animals which 
lay their eggs free in the water. Could we 
but get at the early stages of mamm^ian 
development, what vbtas of strange achieve- 
ment would open before us I 

This minute study of the developing egg 
throws suggestive light on the monsters which 
from time to time appear. Everybody has 
heard of the four-legged ducks, of the two- 
headed snakes, calves, and tortoises thM 
crop up at times even upon the best r^;ulatw 
countryside. We give some drawings of 
monsters here. Th^ stran^ freaks, rang- 
ing from nearly-separated Siamese twins to 
doul^e-headed and double-tailed creatures, 
to double bodies in which one individual 
sprouts para»tically out of the belly of a 
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second, to heartless and brainless and sing 
eyed embryos, arc simply the result 
accidental interference with the invia 
activity-gradients of the recently fertili 

R o 

§ 2 

TTie New- Individual Settles 
Down to Development 

Hitherto the embryo has ken qt 
plastic material; La 

l-corganwc themselves into whob. Biuo 
now foDows a stage in which the v 
parts of the egg have Jjecomc^wJ^ 
W have been told off to play th^ 

parte ; this pfeM i» to 

into a stomach, and so on, , 
chcndcal detenmnation ‘ 

Each part is set m its own d.r« ^ 
By ii^;enio»l small P 

creaturea, ^og»t* J graft that 
of the a«* 

to otbe». St# * PtfL^rudifflenSt! 
bryo b#K the firs “ ^ 

nervoulJjfirtW in'* 


Jte irr«sF’^ 

piece lii'i 
still do > 
[k or even 


Mif the Ri d'ting is done only a few houra 
g/te RCI the opposite r«ult The 
' Dofcelh which, ifleft m place would 
turned inio an eye, would in this earlier 
. when Riafted into another embryo’s 
ik turn inio ordinary cpidemus. In the 
t stage the < arly grafts obey their environ- 
nt 


age uiL- — 7 

instead of overriding it ; they are so 
raw material, subservient to their 
poundings. 1 n the second stegc they have 
Lvfd responsibilities of their own 


ich 


y 


thev.^I 

„ve of its n«#,iaW_T~^ 
1 ought to have thmud au ^ 
,, even if it finds itself iit the 
the interior regions rf another 



ly a series 


of beautiful experiments with 


i eloping newts’ eggs, Spemann has shown 
^hat is responsible for this sudden change 
I versatility to specialization. It is a 
)n of high activity over the egg’s equator 
the embryo’s future back). This, for 
sons we need not go into, is called the 
lip ; and its remarkable powers 
ome manifested just when the plastic 
iod closes. If at this stage a piece of 
sal lip be transplanted into the flank 
another embryo, it not only continues 
ievelop as it would have done if left in 
:c, but it causes the surrounding tissues 
ts host to grow into an orderly arrange- 
itofncnous system, notochord, musclc- 
nent, and the rest ; in brief, it makes its 
produce a second supernumerary cm- 
. And its action is not specific. The 
lal lip from one kind of newt will set off 

[ stissucs of another kind of newt, and can 
activate those of a frog. In this 
ersality of action outside the range of 
wn species it resembles the hormones, 
what this strange power of the dorsal 
ieils depends, we do not yet know. 

Biere are parallels in other organisms, 
ot the most interesting concerns fir-trees 
other conifers. If the “ leader ” or 
r upright shoot at the very top of a 

feoff 

^^-anches just below will 
upwards and take its place. The 
other branches growing 


F l^eeps tlu' 


Xtu’ ^^^fltiences the way oth^ 
of om in this case, 

1 C nuddle % - 


iilil!! 

i''A.a .W'p0it)dk^'‘W 

guUrt or jiiMbdicii will be fiwn^ ; 
head widcntly (ngfanizes Ac old tinuei of the 
i*«t of the piece. Like the dorwJ lip, « it 
makes things make then^selves.’* 

In vertebrates the dorsal lip region may 
thus called the organic, for though 
Its action the embryo first becomes truly 
organized. Before this moment the develop-*' 
^ng egg ^haved as a whole ; from now on, 
unul umty is again re-established by out- 
growing neiyc-fibres and circulating .blood, 
It IS a mosaic of parts, each working out its 
destiny and fitted together like a 
chemical jigsaw puzzle. 

In this second stage the local independence 
of each part is amazingly complete. Limb- 
buds ^^grafted on to back or flank produce 
limbs ; a newt embryo whose tail-bud is cut 
oft remains for ever tailless ; if the embryo 
be cut in half when the nervous system first 
becomes visible, there is no readjustment and 
no regeneration beyond the mere healing of 
the wound-surface—the front half develops 
into head and gUl-region, the hind half into 
trunk and tail. Small bits of a chick embryo 
can be cut off and grafted on to the embryonic 
membranes of another egg, which is then 
scaled up ascptically. The grafts are 
nourished by the blood-vessels of the 
membrane, but are not in contact with the 
host-embryo. And yet in these surroundings 
they continue their differentiation as if at 
home : ^ tiny limb-bud grows into well- 
proportioned limb, and cyc-rudiment be- 
comes cye—an eye attached to nothing ! The 
chick s embryonic kidney normally degener- 
ates ^fore hatching, and is replaced by the 
definitive kidney, which develops farther back 
in the body. The rudiment of the embryonic 
kidney grafted on to another egg not only 
differentiates to form charactcrisuc tubules, 
but d<^cncrates ^r the correct lapse of time. 

It is like a chemical clockwork which, being 
set, grinds out its result and can do no other. 
Even if organ-rudiments (like the early 
optic cup) ^c cultivated in tissue-culture^ 
.2^ will still achieve their characteristic 
diflerentiation within their glass prison as if 
in the body. The devebpment of such 
grafted and tissue-cultiped rudiments, how- 
ever, is often not typical as rq|ar4s thcar 
prease shape, for tfus depends on pm^y 
mechanical, not on chemical, considerattops* 
But the chemical differen^tion runs bn 
unaffected, so that, in 9pitt of 
distortions, aD the chajraeteri»tk 
tissue are produced. 

, , It k o^ .aiso^ by 
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justment of parts to whole— is a peculiar aiid 
universal character of life. Vertebrate de- 
velopment is proof to the contrary. We 
all of us pass through a stage in which we m 
little more than a chemical mosaic. During 
this stage our separate parts are not bound 
together by any unifying principle, for if one 
is removed it is not replaced ; if one is 
isolated, it can still pursue its differentiation ; 
if the pieces of the mosaic are rearranged, 
each still continues its predestined develop- 
ment. The arrangement of the pieces is an 
outcome of what happened in the stage 
before : it is without influence on their 
further differentiation. 

But for the full intricacy of the chemical 
mosaic to come into being, time is needed. 
There are phases in specialization. Take the 
vertebrate limb. There comes a moment 
when a definite region of cells, the fore-limb 
area, has its fate fixed as future fore-limb. 
Gut it out and graft it elsewhere and it still 
will grow into a fore-limb. But all that is 
fixed is that it must turn into a limb : the 
different parts of the limb are not yet rigidly 
predetermined within it, any more than the 
different systems of the embryo were rigidly 
predetermined in the egg. As with the egg, 
if it is cut in htdf each half can give rise to a 
whole arm ; and two limb-areas properly 
joined together will coalesce and give but a 
single limb. From the first moment of its 
existence its fore-and-aft axis is determined 
(determined by the existing axis of the body, 
as the egg’s axis was determined by the con- 
ditions in its mother’s ovary) ; if you graft it 
elsewhere its thumb will grow out of what 
was originally its front side, just as if it had 
been left in place. And if you wait a little 
longer its other main axis will have been 
fixed, also, and the position of its palm and 
upper surface irrevocably determined, too. 

But later, when the flat limb-area has 
grown out into a little conical bud, the 
separate main parts of the future limb become 
also determined. The specialization has 
gone on another step. Then, though the bud 
looks uniform throughout, the tip of it, if 
gr^ed ebcwherc, will give only a hand and 
wrist, the base only an upper arm : and still 
later the details within each main part arc 
fixed ; within the tip-region, for instance, one 
group of cells, which could up till then have 
been turned into wrist or palm or finger, 
can now become nothing else than a particu- 
lar predestined finger-joint, 

Tims the acquisition of complexity, that 
greatest marvel of development, is bound up 
with a narrowing-down of the possibilities 
open to each region. The same group of 
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J®b-bud is 


grows, <!aiidb«»jnuur l»it tiirn : * 
tip, a litde eailiw coaid have t ^ 
pdm or wmt, but not into 
Twenty-four houn earlier, again 
have been turned into any pan of r '' 
but not into anything else but iWCT 
m the earhest stages of all they 
been switched over to becoming an? 
whatsoever, from liver to eve fi nm I 
bladder. ^ ’"'om brain t 

The whole egg, in other words u 
first as a single field of organization iftT 
use the term ; and it graduallv k! ““ 
divid^ up into smaller Ld smafc^g 
each different from the rest and with a , 
measure of independence. The rf? 
up of the sin^cness of the early embft 
ttos patchwork is touchy off by the actio™ 
the dors^ hp “ organizer." The influen 
tolls set m moUon spreads at a definite b 
from region to region. For instance, fi 
influence which determines the formation 
the eye-lens from a particular area of out 
skin has to travel outwards from the bra 
through the optic cup or first main rudime 
of the eye. If, while this influence is travel 
ing the optic cup, the cup be cut out ai 
grafted elsewhere, it still has the power 
transmitting the influence to the skin, and 
can call out the production of a lens fro 
skin of back or flank. 

That the chemical differences thus esta 
lished persist through life is shown by sot 
remarlmble facts of regeneration. If 
newt’s tail is amputated the cells restore ji 
what is missing. Some influence peculiar 
the region of the cut determines what shall 
formed there. 

If the bud growing out to replace t 
amputated tail be grafted to some other pi 
of the body, say, on to the fresh-cut stui 
of a leg, it will go on developing into a tj 
provided that it is more than a few daysd 
If, however, it is m^afted on to the leg-stun 
earlier, while stilT a mere boss of cells, 
destiny is not yet fixed ; it will now tuni« 
a leg inst^ of a tail. The very eariy 
is Uke a very young embryo. The active^ 
division at the taU^s cut surface has pro^ 
a mass oi undifferentiated cells, capa 
turning into arm or leg as ^cadi y < 
Which they shall turn 
decidt^ by the influences of the ^ 
they happen to grow, ^oon it se^ ^ 
as an embryo ^ ^ j 

definite ramoiudhihtia. 

In the tjfelopiiig 
gives place to S*ity of directi , J 



the 


DiffcrciitatatiirM ^ importaiat, i> Eic Actual workiM of the 
separate organs fiw the good of the tissue- 
commonwealth as a whole. 

It was the German zoologist, Wilhelm 


Jpjlj- n;*rtS. j-rji**v<» WM- w.— 

'riiv fro.-: each other concerning the 
t which this transfoijnation is effected, 
with the determination 

rction' 

liifu y ... 

. 'others wait and have it decided by 


^itt) lut of the 

.lines of the body, some eggs have 
symnn iry ready-made for them in 


’ r agencies after fertilization, so here. 

5 and newts 


. agencies alter icruuitauuii, ucic In 
^ and many other creatures 

^irrevocable chemical decisions arc not 
: till late, Avell after the close of segmenta- 
In othei eggs, however, like those of 
-squirts, the corresponding step has been 
ihed backwards to just after fertilization ; 
j in still others the egg may already have 
5ome a chemical mosaic even before it is 


id from the ovary. In such cases, 
irse, there is little or none of the plasticity 
ind’in vertebrates during segmentation. 
Ihc two first cells into which such an egg 
ides be separated from each other, each 
tis into a half-embryo and docs not 
|ulate itself to a whole. But in all the 
iiciples remain the same, it is only that 
i time-relations are shifted. 

^ the main lines of the new individual arc 
toned and its chief structures built. But 
In a new set of forces comes into play, 
^erto development has been preparation, 
passive growtli, but now the organs begin 
[work and, working, mould themselves 
her, as we must now examine. 


of 




§ 3 

I The Moulding of Organs by Use 

^0 organism, and especially no higher 
mal, could work if it remained only a 
saic of independent parts. And so the 
t step IS to give back to the embryo the 
ty It has so lately lost, to make its parts 
:rJock and co-operate again. But the 
finery by which the new adult unity is 
leved IS quite different from that under- 
he unity of the segmenting egg. In- 
d 0 mere gradients of activity t^ng the 
e together, we have now coining into 

Kir !■ r "r ‘’ranching of the nerves, 
a in we have already 

rnalenvim ’ provide a common 
fehnn.. a postal delivery system, 
Z system, and a contmllilg^ead: 


't to*work'r l^<tgins, new agencies can 
nnimakc ° finishing touches 

T of these 

ttbandH- I which iMulate 

Q something. The other, equaUy 


- was — .w ««\yv/awKMA, TT iiisr-.iifi 

Roux (1850-1924), father of me science of 
developmental physiolo^, who half a cen- 
tury ago pointed out the vital importance 
of what he called functional differentiation. 
Functional differentiation means differentia- 
tion brought about through use and disuse, 
and through the strains and stresses to which 
growing tissues are subjected. The size of 
heart, muscles and glands depends upon 
calls made upon them. In our bones there 
is a fine internal architecture of struts and 
stays beautifully adapted for resisting, with 
the greatest economy of materim, the 
mechanical strains to which the bone 4? sub- 
jected. In its construction the head of the 
thigh-bone is like certain cranes ; the inner 
arcnitccturc of the heel-bone is not unlike that 
of a roof, with lines of bone transmitting the 
pressure from leg to ground, and others at 
right angles as tie-beams. 

All this delicacy of adaptation is called into 
existence by the actual stresses and strains to 
which the l^ne is exposed. If the mechan- 
ical conditions alter, the struts rebuild 
themselves in responsive adaptation. This 
is seen, for instance, when a broken bone is 
set crooked, or when two bones which ought 
to be free to move become united to each 
other, as in an ankylosed stiff knee. Again 
there exist people bom with deformed feet 
which can never be used for walking. They 
cannot begin to walk and so the normal 
stimulations are withheld. The bony 
structure of their heel-bone remains poorly 
developed, and what there is of it is more like 
an ape’s than a man’s. The fine structure in 
our heel-bones is one of the characteristic 
points in which we differ from the apes ; 
and yet we achieve most of it anew in each 
generation by walking upright. 

Indeed, the whole size and shape of bones 
is plastic. If a puppy be prevented ftom 
using one of its legs, by tying it in a sling, 
^ter six months Ac b^ncs of Ac unused 
limb will be only about h^ Ac thickness of 
Aose which have had to carry weight, as well 
as being a little shorter. And when an 
irregular fragment of bone fixim some other 
part of body is grafted to take Ac place of 
a damaged or diseased finger-joint, Ac 
mechanical forces in Ac finger will remodel 
it towazds Ae shape of a finger-joint within 
a war or two (Fig. 181). 

Then Acre is me moulding ci Ae con* 
nective tissues to form tendons. Each 
tendon in Ae body runs just in the direction 



ofthcgr^t«$t tendon ta ^ 

and its afcpe is proportional to the amowt 
of that tendon. This bcau^ adaptation 
again is brought about directly by the 
tension. If the AchUles tendon in the bed 
of an animal is cut, it is gradu^y repair^. 
New fibres grow in between the cut ends. 
At first, they are quite irregular in arran^ 
ment ; but gradually they grow in number 
and all become parallel. The AchUles ten- 
don’s attachment is to the calf-muscla ; and 
if these are removed the new-formed fibres 
never grow parallel, and remain sparse. It is 
thus the piul of the muscle which normally 
both gui^ the fibres into place and stimu- 
lates them to grow until the bundle is big 



' MipMi iliiiicit all tht „ , 

upon the volume of blood poured til*^ 
them, as is striltingly shown by thnT^ 
where a big artery is gradually blocw““ 
the blood, finding its way round t 
smaU by-ways, forces them lo "IS 
assume the structure and duUes ofn, ■ 
vessels. The ^gestive system alters wiS 
diet. John Hunter, the great ^ 



made a se^^uce a passable inutai 
of a gizzard by feeding it for many montl# 
grain only. Few organs escape some dm 
of moddlmg by their own activity 
Development, we .sec, is a sta 
by-step process. In the bit oflivii 
matter that is to develop, each diffe 
cnce between one region and anotb 
is the parent of further differena 
The first regional differences con 
from without — the egg has its raa 
axis imposed upon it, and then i 
two-sideilness. Later the influence 
the active “ organizer ” region spu 
it into chcmic^ activity. These 
mented egg, while it is still little mo 
than a mass of cells of differc 
degrees of activity, becomes parcelli 
out into a scries of separate ar« 
each with its own peculiar chemisti 
Each of these areas has its own ax 
contains its own local differences 
activity, and thus within each an 
new sul^zones come into being, ca 
characterized by its own chemic 
peculiarities. The processes they i 
in train run their appointed coun 
Tlic chemical mosaic becomes 
mosaic of visibly different struct^ 
Ultimately this mosaic becomes .a whfl 
again. All its parts have become intj 
menumy »ci.uug uj^ a jjuii *11 vv/iiiivvvtvv> connected by 

(as by exerting gentle tension on a silk thread falling into subjection to the g ^ 
healed into a wound) will bring about the of the brahl* Hormones ma 
artificial production of tendons — tendons 
that do not run from muscle to bone, but 
simply follow the pull. And recently it has 
been shown that even in cultures of con- 
nective tissue-cells outside the body, if a 
tension is set up locally, the fibre-forming cells 


m 


Fig. i8i. The Moulding Power of Use 

Two X-ray photographs of a hofs hand in which the basal joint of the 
tmddle-Jinger bicame diseased. It was removed^ and an irregularly- 
shaped piece of living bone (x) from another situation was grafted 
in to take its place. Lefty immediaUly after the operation. Right, 
two years later {the position of the hand has bem reversed) ; the 
grefted piece has been moulded into a very good imitation of a normal 
fnger-Joint. {After Timann,from “ Animal Bioh^f by J. B. S. 
Haldane and Julian Huxl^, Clarendon Press.) 

enough to resist the highest tension the 
musdc can exert. In the same way, experi- 
mentally setting up a pull in connective tissue 


Hormones _ 
separated parti or shrink 
the ncrvoui system throws 
action the moat widely diverse hndsof^ 


and tianie*, The parte ^ ^'bfevel 
the whole ; mi m to ^ ( 

tension is set up lucauy , me iiurc-iui iiuiig ecua perfection of OW S ^ 
not only grow parallel with its pull, but body its 

multiply more vigorously here than else- ventWoos^ 


where. Here then the chain of proof is 
complete. The original chemical differentia- 
tion brings into bang that general kind of 
tissue we call connective. Out of its pervad- 
ing meshwork, the mechanical forces of the 
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discovery in 191 1 that tadpoles could be made 
to turn into frogs at any time by feeding 
them on thyroia tissue. The frog’s meta- 
morphosis is primarily due to the thyroid 
hormone circulating in its blood and so 
affecting all the organs of the body at once. 
By dosing young tadpoles with thyroid, bull- 
frogs no bigger than flics can be produced ; 
by cutting out a tadpole’s thyroid, it can be 
made to continue growth in tadpole form 
until it attains sizes previously unknown in 
tadpole annals, and never metamorphoses 
at all. 

Most spectacular of all, animals such as the 
Mexican Axolotl, which normally lives all its 
life and reproduces itself as a gilled eft in the 
water, can be made to turn into a land 
salamander at will by a single dose of thyroid. 
On the arid Mexican plateau, life in water is 
preferable ; and the axolotl has had its meta- 
morphosis suppressed and lived out its life 
aquatically for thousands of generations. 
But a fraction of a milligram of thyroxin 
(Book I, ch. 4, § 5), even from a sheep or a 
fish, will bring out the latent salamander in 
a couple of weeks. 

Other normally water-living amphibians, 
however, such as Necturus or Proteus, which 
also have lost their land phase, do not react 
to thyroid, but remain obstinately aquatic. 
Here we are introduced to an important 
principle. As it takes two to make a quarrel, 
so it takes two to give a hormone-reaction — 
the hormone itself, and the capacity of the 
tissues to react. The gills and tail fin of the 
axolotl are sensitive to thyroid ; those of 
Necturus arc not. Similarly, although both 
frogs and toads on the one hand, and newts 
and salamanders on the other, are sensitive 
to thyroid, yet their tails differ. Those of 
frog tadpoles shrivel up altogether under its 
influence, but those of salamanders lose 
only their fin-membrane. Some over-eager 
writers seem to think that mere hormone- 
changes will explain evolution. Amphibian 
metamorphosis warns us against this too- 
facile view. 

To return ^to the axolotl. Axolotls possess 
a thyroid which contains active hormone, for 
if engrafted into frog tadpoles it will meta- 
morphose them at once. Why then do they 
not themselves metamorphose ? It seems the 
^olotl has accentuated one of the peculiar- 
ities in which the metamorphosis of tailed 
amphibians differs from that of tailless. 
Whereas in frog tadpoles some hormone is 
leaking out into the blood from the moment 
the thyroid begins to secrete, in salamanders 
all or almost all that is manufactured during 
larval life is stored within the little vesicles of 


which the gland is composed, 
metamorphosis, however, the 
change their appearance, and 
forc«l out into the blood. Intl.cax^T. 
final change ney« occurs ; th-thW^ 

remain indefimtely in a resti,,,; ^ 
the vesicles distended with 
secretion. The nature of the “ 
factor ” which acts on the thyroids';??! 
grown salamander tadpoles, bm is i J 
axolotls, we do not know. If w 

out, it would be of great imporCS 

our own thyroids phases of rest and f 
alternate with those of activity and d J 

Subtler differences between tissue 
revealed within the simple hodv of tu/ 
poles. The destruction of the gilh 
takes place only at the moment of me 
morphosis ; but the growth of limbs thou 
also dependent on thyroid (for it is enormoj 
slowed down if the thyroid is cut ou 
begins from the moment when limb-bi 
first appear. This is due to the fact tl 
limb-tissue is sensitive to the least traces 
thyroid hormone, while gills and tail 
not react until a certain concentration 
present. 

The transformation of amphibians revc 
other interesting secrets. Why is it that wi 
ordinary frogs need almost three months 
their metamorphosis, some toads take onl 
month, some bull-frogs over two yeai 
The difference seems due to the relative r 
of thyroid growth. If it grows fast relativ 
to the body, the necessary concentration 
hormone in the blood will be reached wl 
the animal is small ; if its growth is sli 
the tadpole’s existence will be 
We can prove this by actually 
thyroid’s relative growth-rate. The thyr 
hormone seems to owe many of its proper 
to the presence in it of iodine in im 
greater abundance than in any other f 
of the body. Iodine is very scarce in 
and the growtif of the thyroid is limits 
the amount it can pick up. Give it n 
than usual, as by immersing tJ 
weak iodine solution, and it will 
more, grow faster, and so cause me 
phosis at a lower body-size thari usual, j 
the precocity of metamorphosis is m 
proportional to the strength ot c 
solution (Fig. 183). , 

TTie thyroid is the main gland ci ^ 
with metametphosis ; but the p 
the ductless j^^that lies unde 
and just oveit the roof of tn 
also essenti^. In the ^ w J 
pituitary or anterior lobe, 
metamorphos*! j 


1 COllCfl 



the growth of the individual 


i(l> have failed to grow to a tenth some developmental crisis by altering the 
.ojmal size. The pre-pituitary relative rates of two processes ; the inter- 

action of different ductless glands, different 
parts of that “ chemical skeleton whose* 


pre-pituitary 
needed to make the thyroid grow--a 

king exaiiiple of the interlocking action 

\hc diHcunt ductl^s glands. But in general plan rumThroJgh^'^jrvertcb^^^^ 

[dition, pr^ Pituitary Itself exerts a direct just as definitively as does the plan of 
flucncc upon met^orphosis, injections their true mechanical skeleton : — ^in all 

it causing even thyroid!^ animals to these ways the study of tadpoles has 

insform ; it f > hojvever, far potent shed new and valuable light on general 

an the thyroid. Thus pituitary here rein- problems. ^ 

rces thyroid both 
Irectly nnd in- 
rectly. 

Finally-a strange 
;l_thc other or 
sterior lobe of the 
tuitary (post- 
tuitary) works 
ainsl nictamor- 
losis. Injections of 
isj in axolotls for 
itance, arc antag- 
istic to the effects 
thyroid and pre- 
luitary, and can 
event the animal’s 
insformation. 'fliis 
interesting as evi- 
nce of at least a 
pial antagonism 
iw'ccn the two 
Ives of the pituil- 
It has also had 
iclical results, for 
investigation of 
reason why cer- 
I extracts of pre- 
iitar)’ had no 
on axolotls 
ialcd the fact that 
he two parts of 
pituitary are not 
trated as soon as 
ible after death, 

^pituitary hor- , 

pre-pituitary, there to 
LS And this has led 

Ihc first preparation 

for medird use P'-<=-pft«itary 

P^l’y^ogs is not so 
' at Work whiVi Processes are 

' our own r utmost import- 

but in the tatl^le 
Thespei fir"^’ ^ Mcessible to cx^ri- 
of different 

>« and the g different intciMities 
'“‘"g of m..t ® substance ; the syn- 

*^^>006 • die *bc aid of 

. the sh,ft.n„ of 



fig. 183. A diagram to explain why tadpoles turn into frogs at different 
ages and sizes, 

JAi? j0/.#r MicA line is suptwsed to represent the growth of the tadpoles; the lower lines, 
of Ihnr thyroids. In (B), the thyroid grows stower than in (A), and 
JO Ihf mtamorphosu tahes place later. If extra iodine is provided, the anmaU’ own 
thyroids grow more qmckly (At). If thyroid is administered; the animal metamorphoses 
immediately (^^). 


§5 

The R 6 le of the Genes 

Let us review our account of individual 
development thus far : 

We have traced the main stages in the 
evolution of an individual body from an egg. 
Firet, the very young embryo is a plastic 
thing, making the most elementary arrangc- 
men’U, deciding in which direction its head 
and its t^ will be produced and which will 
be its right and which its left. Then it 
begins to specialize itself, to crystallize out 
into tissues and organs. Rudiments appear 
and shape themselves and differentiate until 
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they become workable parts. And, finally, 
there is the third stage of action, of pulsing 
blood, of contracting muscles and hardening 
bones, of messages flashing along the newly 
drawn-out nerve-fibres, of ductless glands 
pouring their controlling secretions into the 
blood-stream. In this stage the tissues setde 
down together, so to speak, and knock each 
other into shape until the body becomes a 
harmoniously working whole. 

Now all through 
this orderly develop- 
ment the genes in the 
chromosomes are 
exercising a regulat- 
ing, supervising 
action. As we noted 
in the first chapter, 
there is not a corner 
of the body that 
cannot be altered 
and modified in some 
way by these active 
little units in the 
chromosome outfit. 
The time has come 
for us to look a little 
more deeply into the 
way they produce 
their effects. 

We must remem- 
ber what a gene is. 
We grow accustomed 
to using convenient 
but in a sense mis- 
leading shorthand 
phrases like “ the 
gene for blue eyes ” 
or the “ albino gene,” 
that we tend to think 
of the genes as in 
some way little 
replicas of the 
characters with 
which they are concerned, and of the gene- 
outfit as being a sort of compressed organism, 
with a point corresponding to each part of 
the body. But that idea is wholly false ; 
it is really a survival of the preformationist 
ideas of the eighteenth century, which so 
worked on the imagination of one micro- 
scopist that he actually drew a human sperm 
with a homunculus, a miniature man, squatting 
within the head ! (Fig. 184). 

The genes are something structural and 
ehemic^ in the chromosomes, and that is all 
we know about them materially. The rest 
of our knowledge is based on their observed 
effects. The characters they produce arc the 
end-results of physical or chemical influences 

m 


Fig. 184. The z<sal 
of some early micros 
scopists outran their 
discretion and the power 
of their primitive instru- 
ments. 

Left, part of HarUoeker's 
diagram (1694) of a human 
sperm, showing we imagin- 
ary homunculus sitting in 
the head ; he also figures a 
cord extending from it down 
the tail, which, he supposed, 
was later converted into the 
umbilical cord of the embryo. 
Centre, a human sperm as 
observed by DaUmpatius 
{1699) ; Right, the homun- 
culus which he imagined fu 
could see within its protective 
envelope. 





that they exert twA 
nodiing of bluenett aliottt it, not!,- ' 
gestiw of eyes. It is ^ ehcmical u Jf! ??l 
modifies the tram of events leadinff , 
ment-fonnation in the eye. Miireo 
genes are scattered about on (l,e ri"’ 
somes ; there is not a panicui... 
where all the eyc^genes are, anoiluTwhl'^'' 
the foot-genes are, and so on. In (77? 
fly the colour of the eye can b, modi& 
any one of over twenty (hffcreni 
are scattered about at random ov’eS 
chromosomes ; and the same cun be Ilu 

other thoroughly-investigated cmps Ifc i 
coat-colour of rodents. The relation beiw! 
gene and character is by no means asiS 
matter. 


many ^ 


It is an interesting fact that 
produce their characteristic actions bv ii 
fluencing the speeds of processes occurriLi 
the body._ For example, the little bradil 
water shrunp Gammarus chevreuxi is normai 
black-eyed. But various recessive varietii 
are known with other eye-colours, and he: 
the effect depends upon the rate at wliit 
black pigment is depo.sited. Tie norm 
shrimp has red eyes at first, but black pi 
ment is very rapidly fomed in them, so th 
even before hatching the eyes arc blac 
Iben there is a variety which produces blai 
much more slowly ; for several days aft 
hatching the eves arc red, then they dark 
slowly to a chocolate colour. In anoth 
variety the eyes darken still more slowly ai 
only reach a brownish-red, and, final] 
there are individuals whose eyes never dark 
at all. Now Gammarus is an animal whii 
hatches as a miniature replica of the adt 
and can be watch^ as it grows up. In t 
case of the fruit-fly the development occi 
in the pupa stage; when it emerges t 
fly is a flnished product, and does not gri 
or develop any more. So it may well be « 
the great variety of eye-colours known inj 
fruit-fly are raulf^duc to the speeds atwlj 
the cyc-pigments are formed in the 

(Fig. 185). , J 

Much of the variation in coW 
human hair ^ and eyes seems to be j 
similar confrxdlars d speed. 
change eytHroto as they g J 
and the ewfer the change show, 
quickly it row ite coune and thedeeF 


mial fihailp : 
on tlua 
had 
its final 



Really dark ey^ 

in which dwkW 

.„,a^pidly and had ^ 
K:^re birth; and^ 
of pigment pr^“^ 
’?iihc influence of t 
litncvcrappea”* 




THE G^>QWtH OP THE INDIVIDUAL 
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^'‘S- ‘^S- Genes that act on the raU of development. 

tmm„m chenm,: [centre magnified about five times) the normal adult has black eyes IA\ niher ne„Ce,t.. c. 
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I tid now \vc will take up again the 
stioii of how muc h of development is due 
the (r<‘ms;> Are these genes directly 
imisihlc lor all the stages of development, 
p hir the earhcsi formative steps in the 
Kill . Ill our opinion it is manifest that 
arc not. In the finished product, the 
individual, there is a complete chromo- 
Hthlin every cell of the Wy; yet in 
£TilfV’““^‘ prepuces a blue eye, in 
J " ""'ly hair, in a third a snub 
tent h'” '"'i ■ controlling cyc- 

^ry ' inini 'i'^'^ There is obviously 

*~tiie n ^“"‘rolling factor at 
place m which the genes find 


genes 

Ae ferfi ' He com- 

pht« so that at A? ^ between 
'^cre all foH ^i ‘ '•Kbt-cclf stage the 

"“S arraiii.,-rl^ • instead 

>’'"'1 that if th/" 

^''«sed froii plate Of oeUs 

“ form™ at .the , matt 

two tier* Af ^Lfiiiiaji 


each. And from such eggs, perfeedy normal 
embryos grew. A glance at the di^am 
(Fig. i86) shows that some of the nuclei 
which in the normal course of events would 
have stayed near the upper pole, and so 
formed part of the front end or outer skin, in 
the compressed and released egg went to the 
other pole and formed part of the hind end 
or of the internal organs. The cells’ nuclei 
must therefore be all alike ; the difference of 
their fate and what genes arc called into 
op>cration is decided by agencies outside 
themselves the region in which they come 
to lie. * 

An example of how the genes require 
special local conditions before they will 
work is afforded by the so-called Himalayan 
breed of rabbits, whose pattern is recessive 
to the normal. These arc white in colour 
except that the tips of the nose, ears, tail 
and feet arc black. Now, why should the 
reccsMvc gene in question Uacken parts 
of the body and whiten others ? Ifweimve 
part ci the skin we find the answer ; fir ti^e 
mr will grow white if the rabbit is faspt warxi^ 
and black if it is kept in the cool. lie Mim 
of the gene depenefc on tempei;i^ure^ 

:^:^mnal body-tcin|ier^tnte.it,,ci^ m. 
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becomes jparcefled out into different regions 
with difiaent local conditions. Then the 
genes get to work, moulding and finishing 
the ground-plan. But 
the first rough laying 
out of the future body 
is apparently not due 
to the genes ; it is due 
to the protoplasm of 
the egg, or, as we have 
seen, to the more or 
less accidental impact 
of external conditions 
on the egg protoplasm. 

A large and tangled 
subject, the Physi- 
ology of Develop- 
ment ! Soon, we 
hope, it will straighten 
out, and the interplay 
of gene and proto- 
plasm, of organizing 
zone and encumber- 
ing yolk, of 
mechanical 
stress and 
internal 
secretion, 
will be better 
understood. 

In one par- 
ticular field 
the relation 
of the 
various in- 
fluences 
that 
bear on 
develop- 
m e n t 
are be- 
coming 
clear — 
in the 
study of 
sexual 
differen- 
tiation. 

There 
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Fig. 1 86. Disarranging nuclei makes no difference to early development. 

A diagram of frog's eggs segmenting normally and under prusun ; in each case a top view 
is drawn above y a side view below. {A), segmenting norrtuUly ; Ufiy in the eight-cell stage ; , 

right y in the sixteen-cell stage. {B)y flattened between glass plateSt Hght-fell and sixteen-cell 
stages. The nuclei that in tfu normal egg go into the topmost ceUs {skadid), in the compressed egg 
are forced into quite different regions. And yet the compressed eggs produce normal tadpoles. 
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one can see how the different factors work 
together. To that unusually lucid branch 
of developmental physiology we shall devote 
oiu* next chaptejr. But first wc will turn 
aside to discusi certain very interesting 
side-issues of this study of individuzd 
development. 
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length, and eleven or twelve 
weight, and th<^ continue growth ^ 

overtakes her, whiib .ycr I 

has reached abeteen inches an 
pounds in weight, while a male m y | 
twenty-two and nearly 
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set not at maturity as it is with US, Wc must confess our ignorance of what 
death. The limit is set by the relative stops growth. But besides the stoppage of 
of erowili and of ageing ; if ^owth growth there is its slowing; and tms is 
down quirkly and ageing is rapid, the universally found in all many-celled forms, 
^^als will be cut off by death before any in those with continued g^wth as much as 
Sem have passed even a moderate size, in those with fixed final size. Our simplest 
n amonf^ mammals this undoubtedly measure of growth is the percentage amount 
mitivc method of ending growth is to be put on each hour, or day, or month ; if wc 
nd for many voles and other rodents in- plot out curves of percentage increase, 
ase in size every year that they live, even we find that every organism grows steadily 
cr sexual maturity. This method, once less and less rapidly from the earliest stages 
reflect a little, is what we should expect, onwards. We arc apt to think that our own 
^at needs explanation is not the contin- growth after birth, multiplying our original 
nee of growth throughout life, but its seven pounds or so by about twenty, is con- 
)pression even l^efore the full vigour of life sidcrable. But it is our pre-natal growth 
attained. The higher vertebrates and the which is really both so vast and so rapid, 
ects are the most important groups with The human fertilized egg weighs two or three 
litcd growth, though the little rotifers are in hundredths of a milligram. It thus multi- 
nc ways even more remarkable, arriving plies its weight by about a hundred million 
a definite fixed number of cells (often times in the nine months before birth ; and 
ly about a thousand) and then stopping the egg of a large whale multiplies itself some 
ort. three million million times before the whale 

Fixed adult size obviously confers certain has reached full weight, 
vantages, in standardizing the species, The average increase of boy children 
iking it more delicately adjusted to its for each year, expressed as a percentage 
)de of life, and stabilizing all relations, of their weight at the beginning of the 
:ial, parental, or sexual, between different year, is 200 per cent, in the first year of 
lividuals of the species. We have only to life ; in the second year only 20 per 
lect how awkward family life would cent. ; and by the seventh year it has fallen 
if after wc had started to produce children to 10 per cent. There is a slight increase 
I proceeded, like female hermit crabs, to l>efore and during puberty, but then it falls 
adruple our height, or, like male lobsters off again and declines to one or two per cent, 
multiply our weight by over twenty, to by twenty years of age. If we had taken 
ilhc the biological value of checking months instead of years as our standard, the 
)wth during the adult phase. In part average for the first year after birth would 
^considerations doubtless apply to insects, be under 17 per cent. ; in the last month 
> ) but in addition the impossibility of before birth it is over 25 per cent., and 
•u ting their \vings makes it a necessity for mounts rapidly as wc go back, being over 
to cut short their growth immediately loo per cent, for the sixth month of pre- 
I 'vinged phase is reached. natal life, and over 200 per cent, for the 

n higher vertebrates, the cessation of fifth. 

idifi r brought about by the Precisely similar curves, though on a 

the? ^‘piphyses or end-pieces different scale, are found for guinea-pigs, silk- 

ion witf h ^ vertebrae, and their worms, rabbits, sunflowers, and indeed for 
! grist! ^ c^J^tral part of the bone ; every organism which has been accurately 
eenthc^ cell-multiplication be- measured. The smoothness of the curves 

ned ^ ^ obliterated, may be interrupted by illness or underfeeding 

biological crises such as meta- 
that th ‘ ^ irap^ble. Wc morphosis (when weight is almost invariably 

r lost) and sexual maturity. 

^ iust how 1 1 ductless glands ; Tlius, broadly speaking, animals and plants 

I icse act, and how the other arc increasing by compound interest all the 
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time ; "but the rate of interest is falling off bw&m | 


two separate 


pro^[rcssiVcly throughout life, 

Final size depends upon 
things — the rate of growth, 
and the length of time 
which it continues. For 
instance, a man has a 
post-natal growth-period 
of over twenty years, a 
rabbit of about thirteen 
months, a guinea-pig of 
about fourteen months. 

Man and rabbits put on 
about the same average 
amount of weight per day 
— 6 grams as against 6*3 
grams — but a guinea-pig 
only 1*8 grams. Thus 
rabbits are larger than 
guinea-pigs because they 
put on more weight per 
day, but men are larger 
than rabbit® because they 
grow for a longer period. 

If we take the average 
percentage 
i n c r e - 
ment as 
our stan- 
dard of 
growth- 
rate, 
however, 
we find 
that man 
has the 
slowest 
growth of 
the three, 
his mean 
percent- 
age daily 
increase 
for his 
whole 
growth 
period 
being 
only 0*02 
per cent., 
while that 
of the 
rabbit is 

0*50 per cent, and of the guinea-pig 0*47 per 
cent. 

It is more likely that some at least of the 
universal slowing in compound interest rate 
of growth is due to the difficulties arising out 
of mere bulk. The animal or plant must 
draw its food and oxygen through some 
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Fig. 187. How human proportions change dunttg growth. 

Top left : a two-months fetus ; Top right : a six»months fftus / ( t ) fl hah ^ birth ; 
two-year-old child ; ( 3 ) a six-year-old and ( 4 ) cm cuhiu. The arms OM legs growjas r 
than the trunk t the trunk faster than the head. 
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Fig. 1 88 . Exaggerated local growth. 


, (1 f’roup i>i luddler-rrabs [Uca pugilator). The femaU {upper right) has two small clawsy which she uses in 
Th( ri\i ate ttiah's of various sizes ; one of their claws sU^s small while the other grows steadily bigger in 
'’iwn io (lu bodv. Below, the claws of a female {right) y of a quarter-grown, a half ‘grown and a full-grown male 
, (ill hnms^hl to the same absolute size. The proportions of the joints change ; the nipping end part of the male 
claw grows faster than the rest. 

lical luibits IVom slower-growing cells ; blood-composition, has only been achieved 
nml nioif sugar, and indeed in some by the higher types of animals, 
rrstmhh' ycast-cclls in their meta- Let us add here a remark or so upon the 

Cl C;onnc( t these facts with the further growth of different parts of the body relative 

that certain extracts from yeast-cells to one another. This differential growth 
^rincasc gr()\vih in many animals, and is of the greatest importance, since if one 

''ill Icrl that u c arc on the verge of region did not differ from another in growth- 

I disc o\ eri(\s concerning the control capacity and growth-rate we could never 

> Rut these discoveries have not achieve characteristic form, but should 

inadc ; meanwhile we must be remain as undifferentiated in shape as wc 

'ith these scattered intimations of began. Such differential changes may go 

on all through growth. Wc arc all born 
lly indeed an organism has no with snub noses. A Roman nose is Romsm 

i it is a bundle of organs and because of the relatively high growth*ratc 

1 growing at slightly different of its bridge, causing the baby’s infantile 
td so ( onstantly and regularly snub to straighten and bend over ; a leas 

1 s proportions. By cutting growth eagerly growing bridge would have made 

jni IS s( t to this flux of growth- the nose straight, a yet slowdr-growing one 

an aduli phase is achieved which have left it snub through life. 

fixed and stable both One of the most obvious examples of die 
IS sjz( and its proportions; changes in shape brought about by exiig« 

size ana shape* gemted local ^wth of a siiide organ ^ 

R of body-tempci^turtror^ ^ in fiiddler<raba. These m 



like both claws of the female. « - 

The big male claw may grow to weigh ad ■ 

almost as much as all the rest of the body. and Rejuvenaim 

But this striking masculinity is brought The experiments of Voronr ff * 
about during the animal’s growth. The grafting and the exploitine of .k" 
youngest crabs, both male and female, are section of the daily press Lv 
all alike, with two equal small claws. And venation a subject of ee ^ 
the difference between the sexes b entirely But all too rarely has the n 1 r 
brought about by one simple fact— that of the matter treated it as morp Ik 
while both the female’s claws and one of the a nine days’ wonder, a subie . f 
male’s grow at the same rate as the animal jokes, or, even if it has got bevon i?k“'‘''' 
in general, the other male claw grows half as done more than debate the L„^ a ^ 
fast again. This claw and the rest of the experimenters and the gcnuinerT ^ "I ‘ 
body are like two sums of money put facts. It may serve a ^useful ™ ' 
out to compound interest at different discuss the question on the bri'T*., 
ratra, the claw’s rate being the higher, logical scale; against this backsInTn.) 
and so, as the animal increases in bulk, results on man and higher animak SV 
the proportionate size of the claw is bigger up in their right proportions ® 

and biggCT. If ^owth were to go on long First of all, we must make quite dearwl 
enough, then the large claw would eventually we mean by age and youth Are 
grow larger than the whole of the rest of define them in terms of time or as nbl 
the body. But before that, death in some logical conditions? When w’esavthat 
form overtakes this oyer-balanced animal, animal is younger than another, do we m 
Fiddler-crabs, hke all Crustacea, go on that it has Uved fewer yeais, days and minu 
growing as long as they live. So a male or that it is not so far along the road 
nddlcr-crab has no fixed or final shape, senile breakdown and natural deaths 0 
stnee it changes the relative size of claw one answer is possible : agemustbenicasa 
and body as its grows. All that is constant physiologically, not by time. Even am 
IS the proportion between the claw’s rate human beings in whom the life-cycle 
of growth and that of the rest of the body’s, a relatively fixed framework, that is obvi 
A further interesting fact is that the male’s enough. Which of us does not know i 
big claw is growing fastest of all near its and women who at sixty are younga 
tip, the growth-rate grading down towards every quality both of body and mind tl 
the body. As a result the claw changes other people are at fifty ? Men and won 
the proportions of its parts as it grows, we say, and at the bottom of our he 
This does not happen in the female’s claws ; we firmly believe, are as old as they I 
not only are they growing as fast as the rest The clear skin and eye, the wrinkles 
of the body, but all their parts are growing stiff joints, these are the things that cou 
at the same rate. This local exaggeration of the birth certificate is a mere formalit) 
growth^ in a particular region, a ** growth- comparison with these physiological tru 
centre,” seems to be universal for organs Then there are the half-abnormal c 
that grow faster than the body as a whole. of precocious senility j a man of fift 

In ourselves and other higher vertebrates, overtaken by the sudden onset of ^ 

just the same difference in growth-capacity symptoms of real senility which in the 1 
exists between different parts. From birth of humanity arc postponed until twi 
onwards, for instance, our arms and our or thirty years later. And there 
legs are growing faster than our trunk, definite diseases of the function of agt 

The difference between us and a crab is The most spectacular, and luckily one « 

that in us, at a more or less definite time, rarest, is that called progeria^ or an^ip 
growth is mysteriously arrested. Our pro- senility. An apparently normal oa , 
portions have been changing as steadily born. At ^|WO it already 
as those of the crab; but now change is expression. Like^thc precocious iman^ 
stopped. We have attained a more or less Bab Baliads, an old 

final shape. If we could solve the or at leatt i losing hair and 

nd^e of that arrest and defer the time at signs rfMfc W **«*'«= 
which growth ceases, human beings would looks itltC v#: ^ 
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..Ilv die. of old age before ‘^ ewning 
^ge ” in il'^‘ ordinary acceptance of that 

.. vve (onsider the generaUty c>f 
Isms oin contention becomes even 
'"obvious. Since they have no temper- 
T regulatiiii; machinery, their acUvities 
and down with‘the outer temperature, 
tlieir rate of growing old is no exception. 
It animals and plants only thrive over 
e part of the temperature range between 
ind 40" C- ; between these limits the 
of ageing is increased by temperature 
jt two-aiid-a-half times for each rise of 
C.— a rate of increase which holds for 
t other functions, too, such as breathing, 
iing, or digestion. Some of the most 
irate experiments have been done on 
fruit-fly Drosophila. The total span 
fc at 30° C. is 21 days ; at 15° C. it is 
days. After a female fly had laid her 
few eggs, one could, by keeping the 
ng mother at 15° and her offspring at 
readily ensure that she should be 
Qgcr than lier own great-great-great- 
idchildren. 

he same is true of cold-blooded vcrtc- 
;cs. Fig. 189 shows a number of 
doping frogs. They were fertilized at 
same moment ; but since that moment 
have been kept at different temperatures, 
the clock, they arc all of precisely the 
e age— three days. However, their age 
t clearly not be measured by the clock, 
by the changes that have been going 
viihin them, changes which have made 
e kept in the warm to advance farther 
g the path that all of them must tread, 

:h leads first up to maturity, then slowly 
n towards death. 

f ^ge, then, wc mean physiological age, 
Burablc in terms of the organism’s own 
ij not timc-age measured by any outer 
^ ^eper ; and by rejuvenation we mean 
to a more youthful physiological 

SC^'’ ‘‘ " ^7"^ animals 

IwnpJif ‘p their oxygen- 

bwmals u '•““‘ant than 

Kns, the vi r . unfavourable 

Ppt fhemspi * ®Ue to overcome 

unfavourable 
plananan womu, for 


^ ‘l«al sooner than 

soluttong of poison which will 
lull even the old worms wimin twelve hours ; 
but in very weak solutions, though all the 
old worms die after a week or so, young ones 
can survive indefinitely. We find a rough 
parallel to this chemical behaviour in the 
different nervous resistance of young and 
old among ourselves. A grown man can 
stand fatigue and hardship under which 
youth will succumb ; but youth is more 
likely than middle-age to adapt itself quickly 
to unpleasant minor changes. 



Fig. 189. Four Developing Frogs; are they 
all the same age or not ? 

All were from the same batch of eggs ^ fertilized three days 
previously. But while {D) was kept at 24 degrees C, and 
is ready to hauhy (C), kept at 20 aegreeSf has only begun to 
l^ow gilb and tail; ( 5 ), kept at 15 degrees f is still 
forming its Tmve-tube ; and (^ 4 ), kept ii degrees^ has 
only got a littU beyond the close of segmentation. {After 
O. Hertwig from “ Experimental Embryology;* by Dr. 

J. W, Jenkinsony Clarendon Press.) 

Now that wc have some idea of what age 
means in physiological terms, wc can go 
on to our main problem. And what wc 
find is quite definite ; there is no question 
but that rejuvenation, in one form or 
another, can and docs occur in many lower 
forms of life. 

For example, consider the litdc sca-squirt 
ClaveUiruiy an elaborately built creature 
with an intricate food-filtering throat, with 
^llct, stomach and bowels, heart, repro- 
ductive organs and ducts, muscles, nerves* 
Put one of these animals, when still ^ly 
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small, in a small volume of . 
leave it to be drugged by its ovAt A^umu* 
lating waste-products. In a few ^ 

do^ its two wide openings, through which 
it drew water in and passed it out, and 
begins to shrink and lose its beautiful 
transparency. Gradually it dwindles from 
the glassy creature, unceasingly sweeping 
a stream of water through itself, to a mere 
lump, irregularly rounded, condensed and 
opaque, its apertures not merely closed 
but grown over, and showing no trace of 
life except a slow and irregular pulsing of 
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Fig, I go. Living backwards, 

(i) A young Clavellina. {Ai) and {A2), apertures for taking in and passing out water ;{G), gill’ 
slits; (H)y heart; {S)y stomach. {2) The same beginning to de-differentiate, (3) Three weeks 
later ; only traces of its organization are visible. (4) Eleven days later ; it is a rrme opaqm blob. 
(*;) Replaced in clean water, it has re-differentiated into a normal sea-squirt again. {Magmped 
about 10 times. After J. S. Huxley.) 

the heart, which can barely manage to 
pump the thick soup of blood-corpuscles 
through the diminished spaces of the body. 

Finally, the heart stops and there remains 
only an inert whitish blob (Fig. 190). 

From this extreme stage of reversed 
development or de-differentiation, as the pro- 
cess is called, there is no recovery. But at 
any time before the heart stops we can 
revive the animal by putting it into clean 
water. Surprisingly swiftly it organize 
itself again, and in a few days the shapeless 
blob is tfanrformed into a working Clavellina 
f ettle smaller than the one with which we 
il^arted, but otherwise healthy. Moreover, 
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it is a ncwer> animal than 

original onc» Tne IJfpcess can be reill 
and the animal to dr - ^ 

revive again until it rcac 
minimum size ; then it will 
more. 

But here there is a difficulty. Has a si 
individual been rejuvenated here, or 
one piece of matter doffed an old indivi 
ality to become clothed later in a new 0 
Is it the same Clavellina ? Whichever! 
we answer the question, the fact renia 
that the animal has passed through 

obliteratii 
temporary 
tlcfinilive, 
its essen 
character. 

Howevi 
there are 
number 
c X a mp] 
where 
difTiculty (j 
not confr 
us. The 1 
studied i 
planarii 
(Fig. 92), 
has long b 
known tl 
these li 
flat-wor 
c a n sur 
prolong 
starvation 
living 
ihemseF 
g r 0 w i 
smaller 
while. 1 
can drav 
their ( 

tissues 
convert ( 

little by little into food to satisfy their^ 
needs. Men or dogs or hens can on y 
to a limited extent. They ^ 

haps half their total capital of li ving 
before they are reduced to skm a 
as the saying goes, and , 

drafts are made upon the reserve^ 
and glycogen (the refiin«s v^ith 



breaks down makes it ^sible 
ing animals to survive the wwier). " j, 
the actual Uving^tance of 
muscles, and toTt« ^al 

tissue. But there arc c^tam 

The heart is 


the ' f H.E ^ . 


si „„1 be destroyed, mn. if their progres^ ageing. Whenever they were 
ruction ^ua• to pro^e a Week s more Wgc, they were as old as 0^111^^,^ 
[for the Morv.ng body, smre with their of that size, whenever thev we«.T^.^S 

ruction o! 

;xf)cric 


■net vv 


ebrates 

111 in 


re o pro^c a wc« s mare large, tiicy ivert as old as ordinary ^ 

,,U v.ng tody, with their of that size, whenever they were^e^ 

I that the animal h^ “ young as ordinary young wl®. 

wou d disappe«, and higher If we chose to take the troi4, we oS 
rely upon what Acy have doubtless keen a ’ J- 


nnisl re. 


, almost every 
0,1 tilt' other ' 


very action The up and down the hill of life S n^ 

er hand, is nothqmdated, tr^gressing a certain Umit of age for peS 
Fuel value in the lime- which would mat,. ivr-fi..*:I.i-i.^ . . 


-toil, 01' ou.er nanu, is iioi usuiuareo, cr^gressmg a certain limit of age for nerioda 
,u,c then is no fuel value m the hme- which would make MethLl^^Sk 
ihat stillcn our bones. Thus, as the ephemeral. uocian looK 

r tissues slinnk, there finally com« a The actual experiment has not been 
^ tiu muscles are spread with a tried on other spreies. but we have 

tenuaitonoverthcundiminishcd rea^n to suppose that it would suS 
ork ; they are unable to move with any oriranism wViiVK 


;ntal)leatt(iiuaiionovcriacunaimimsnea reason to suppose that it would sucr#¥»H 
(ffrainevvoik; they are unable to move with any organism which while living 
lopctly, ottd the glands are too much on itsetf can keep a just proportiorbeS 
ed aw.iy 10 produce their necessary its various tissues. Such ought 
Mions; tlK c reature dies. _ case with starved sea-anemones (up to the 

time Wri#*n fVi#»xr 


. ‘uT,. , . wun starved sea-anemones (up to the 

„ such ImiMaiions b«et the plananan. time when they absorb their tent^«l 
has iw skc ldon, and if he can profit by with certain worms, and even the 
.ience ai all, the profit w negligible insects in their for s^S 

pared with the value of his straight- beetle-larv* can^shriii L 

ard reflexes and instincts. Every one as Planarians. ^ much 

is tissues can be liquidated and when But if this intermittent starvation can 
i st,ri ved he keeps a sense of proportion serve as the fabled elixir viUe to lower a4nSf 

lestioyius ail Ins tissue to the same « unfortunately will not work with the hK’ 

at, It IS as If a starving ships crew It m quite possible that occasional hdWav 
one mate, one deck-hand from each from food, such as form tt,» K,.:, -r 

'll, and one (.'ngiiicer, so as still to be a 
dno unit iftlicir circumstances improved, 
the whole plaiiarian can continue to 
ik without marked change in shape or 
fhavioiir, until it is reduced to less than 
hundredth ol' its original bulk, to a 
even below that at which it hatched 
the egfi- Such diminished animals 
^\ork and can lie made to grow again 


from food, such as form the basis of ccrtaii 
cures, would do good to many member 
of our over-eating modern civilization 

Hon of !t prolong their expecta- 

t on of hfe ; but this is a different m^r 
It M became their bodies are cluttered up 
with stor^ food, and has nothing to do with 
rejuvenauon. ^ 

Only methods have yet been found to 
work with higher animals— one based on 

arlrtnH.nrvoffmr* ,.. 1 . _ .. __ '■'** 


r , '"s .''ihrs £ £" “ p" 


i"' c::t, 'S” 4aay' 

^ken by Professor ChUA J ru' • ^ contain all th 

*1, h » fon. S ST" .“1 p*” “ 

'I'utc small and Starved zcin, one of the proteins of maize Youni 
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“®an lives would , *7“ “. ft^nslated the expenment has not vet been tried that 

Manage. Mcanwhifc*ti^o ^h*lf small and youm fo 

''5'^atioa had ®. V™® exce^ng the normal Ute ol 

remained the same* species by proloi^ng the zein dietari 

and had MHlividuals It would certainly to interesting 
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it would not be easy, and it may be doubted 
whether any growing boy or girl would be 
the monotony 
im,. extra 

, tim tf it 

mere retardadmi, a ^ ^ ^ ^ 
rf our developmental processes, not rejatw* 
adon. 

Finally, we come to what the daily 
press usually refer to as “gland** experi- 
ments, although most, glands have no 
connexion with rejuvenation. 

Steinach was the first to attack the 
problem. He reasoned as follows. The 
most obvious sign of old age in mammals 
is the loss of sexual power and the failure 
of the sex-instinct. We know that the 
ductless glands together form an interlocking 
system. If the reproductive hormone fails, 
will not the others suffer? And will they 
not be stimulated to renewed activity if a 
new supply is provided ? Finally, in view 
of the vital importance of the ductless 
glands in keeping life’s activity up to the 
mark, might not this renewal of their 
activity abolish the senile symptoms ? 

The most obvious methods of renewing the 
supply of sex-hormone is to graft in bits 
of reproductive organ from young animals. 
There is also a second method — to tic a 
ligature round the vas deferens (the narrow 
tube along which spermatozoa leave the 
testis). It had previously been found that 
the back-pressure of the sperms thus pre- 
vented from escaping will cause the sperm- 
producing tissue lining the testis- tubules 
to degenerate. This meant that there was 
more space available for the interstitial 
tissue between the tubules ; the interstitial 
tissue therefore grew, and, since it produces 
the male’s sex-hormone, more sex-hormone 
was accordingly produced. 

Steinach tried both methods, and with 
both he achieved what he had hoped for. 
The successes were not invariable : grafts 
do not always take, and the vas must be tied 
in just the right place if there is to be effective 
back-pressure. But they were numerous 
enough. Old male rats successfully treated 
in either of these ways threw off their 
senility. Their appetite improved, their 
coat took on its old gloss, their weight went 
up. Instead of sitting apathetically in 
one spot, like a decayed old villager on the 
ale-house bench, they began to display 
that incessant activity and inquisitiveness 
so characteristic of adult rat life. Potential 
mates were no longer treated with indiffer- 
ence. In brief, the aged beast reverted to a 
condition of normal maturity. 

334 
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This renewal of vigour I 

old “P >0 

not louiid I? ^ 
but they mean a good deal ' 
no^al span of W among sS ’ 
untreated rats is about twentv ,L 
thus the maximum pS 

„„ achi.JSrS,'' 

per cent, of this, which would be S 
years in terms of human lifetime * 
The CT^ents with repeated reim 
auon yielded a new fact. Each in 
renewed vigour was shorter than the 
before, and was terminated by a m 
abrupt relapse into senility, until at last 
animal collapsed all at once, like the deacc 
“ wonderful onc-hoss shay ” in the poi 
Thus rejuvenation, of this type at k 
is at best a temporary setting-back of 
clock. There is some part of the h 
which is progressively ageing all the ti 
in spite of the best possible provision 
hormonw. We do not know for cerl 
what this organ may be, but may rcas 
ably guess that it is the central nerv 
system. For in higher animals, brain-ci 
unlike gland-cells or skin-cells, never div 
Wc end with the same equipment of bn 
celb with which wc were born. And it 
fact that brain-cells show marked shrink 
and other degenerative changes when t 
grow old. 

Whatever it be which thus ineviu 
ages within us, its rate of ageing is \ 
different in different animals. Very a 
mice attain four years, while elephi 
do not begin to be old till they have pa! 
the half-century. But on the other h 
mice live faster than elephants. The pu 
rate of a mouse is over ten times that ol 
elephant, so measured in heart-beats 
lives of mouse and elephant come toj 
much the same total. And 
and ther^rc presumably think P 

than elephants do. If wc could W 
the reason for this difference, 
why a mouse gets through ,)^ 

ten times as q^suddy as an dephant, w 

S^nwesS-STinore satisfactory. ' 
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have the same amount opened up any rosy vista of pctpetual youth, 

,]g expanded to fill # long**", . it holds forth . promisQi a reaaonaUe 


llviiie rxpandea to nu a longer^ 
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i^inach’s results havc - 
Extended by Others sudi' ^ 
rs sheep, goats, and cattle have thus been 

lekully rejuvenated.^ ^ 

hat of the appheauon of the method 
Lan^ Here, too, many successes have 
claimed, and Voronoff has introduced 
cw method by using bits of chimpanzee 
g for grafts, instead of waiting for the 
accidents when a human being has 
have his testis surpcally removed, 
h grafts from one species to another arc 
ivs resorbed within a month or two, so 
' vvhatever lasting rejuvenation they 
’ cause must be due to some effect exerted 
ihcir host’s system during the first few 
ks. 

[uch less has been done with women, 
ly treatment of the ovaries appears to 
s something of the same stimulating 
:t as tying the vas in men. And now 
one at least of the female sex-hormones 
been isolated, we may perhaps be able 
sc it for rejuvenating the whole feminine 
;m Already a preliminary experiment 
female rats has proved successful, and 
nay expect events to move fast. 

1 judging the results, we must remember 
man is a suggestible animal ; we do 
know how much of an improvement 
d be produced solely by belief in the 
acy of the treatment. But when wc 
: discounted this, there remain some 
s which seem to have achieved an often 
?ng success. Several patients have come 
alter a spell of renewed maturity for a 
? ; and one was so overcome 

e restoration of vigour after years of 
ptude that he drank himself into a 

r,u T- in ■ 

5- has been as 

s poKtble eluntnated, since the patient 
been informed what the operation 

iclahle 'andTf’ ® Jn‘ig*nent 
, mu^rr '"““ations of the treat- 

subject.'”"'^ 

he work on rejuvenation has not 

in 

fi^’elvcs, b,„ " {J '■' 5 !® vigour in the snl- 


wngs 18 disgjusting or mmorale The graft 
18 resorbed within a fi^w weda J and in any 
case it cannot possibly alter any of Ac 
patient’s c^ractcristics, bodily or mental, 
in Ac simian direction. It aocs no more 
than provide a convenient source of male 
sex-hormone. Every time a man or woman 
takes a thyroid tablet, he is using thyroid 
hormone prepared for him by a sheep ; 
but he does not become sheep-like in conse- 
quence. If Ae male sex-hormone could 
be injected or given in tablet form, grafting 
would be unnecessary ; but until it has been 
chemically isolated, grafting is one of the few 
available methods. Those who would like 
to prevent testis-^afting should also start 
a campai^ against the use of insulin, 
thyroid, pituitrin, and adrenin. 


Is Human Rejuvenation Desirable? 

Arising out of this discussion is the very 
interesting problem whether there would be 
any advantage at all, either for Ae indivi- 
duals concerned or for the species, in pro- 
longing the lives of men and women oi Ae 
current type veiy much beyond eighty 
years. Health, vigour, and happiness up 
to seventy-five or eighty seem to be a possible 
thing now for many people wiA a good 
start. At Ac end of that time it is open to 
question whcAcr there is anyAing more 
for Ac contemporary old to do Aat could 
not be done better by younger people, 
or whether the pleasure and entertainment 
Aey will still draw from life will compensate 
Acm for Ac labour of continuing. Most 
old people become very philosophical about 
death ; few regard the final cessation of 
experience wiA the terror it has for Ac 
young. They tire. They have seen Ae 
show. 

Mcchmkov, who paid some special 
attention to the subject, concluded Aat in 
Ac very old, Aose who were dying not of 
disease but of Acer old age, Acre existed a 
desire for death as natux^ and normal 
as Ac desire for sleep at Ac end of a long 
day. 

We have dready noted Aat Ae fiilly 
developed brain and nervous system have a 
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fixed number of nerve-cells. We knov^ no 
way of increasing them. As in its youth 
the organism learnt, connexions were wtab- 
lishcd between these cells, paths of association 
were set up and the main substratum of the 
mental existence wais established. On this 
fresh associations and persuasions arc being 
perpetually built, but there is no going babk 
to childhood and youth to reconstruct those 
foundations. The brain has the fmmework 
of its time and circumstances set up once 
and for all. As life goes on it becomes more 
and more difficult for the brain to accept 
new fundamental ideas. And not only 
ideas but feelings and affections become 
fixed. How much of an old brain must be 
occupied by tender thoughts and perhaps 
hostile thoughts, rivalries, considerations, 
loyalties, about the dead ? For the values 
of ten thousand things it goes back to the 
dear old home and to the beloved school 
that time long since swept away. The 
brains of many ageing people must be like 
cemeteries at evening time. They are 
overcharged with past things, and no sort 
of hormone will ever alter that. 

It is interesting and plausible to argue 
that the individual life of the larger animals, 
the soma, is a sacrifice of physical im- 
mortality in exchange for power and achiev'c- 
ment. The individual has, so to speak, 
made a bargain. For the individual comes 


out of the gctm-plasm aM docs and i 
and at length dies for the sake of lif ' 
is a bit of the gcrm*plasni which has aii 
and broken away, in or4tr to see and 
life instead of jiwt blindly and mechanic 
multiplying. Like Faust it has sold 
immortality in order to live more abundan 
A bacterium, as we have shown, is 
germ-plasm, all reproductive material • 
there is po soma to die. But its activi 
are very limited. In a inan what rema 
of the immortal germ-plasm is a mere so 
of material hidden in his body. It has be 
so to speak, tlirust out of the way, so that 
can grow ; so that he can use hands, fi 
eyes, and brain ; so that he can run, sw 
climb, fly, and fight his obstinate ba 
against the universe. He sees, he hci 
he thinks, he puts things on record, stc 
resources, marks dangers and prepares 
path for his sons. But he subordinates 
germ-plasm only in order that he may se 
it, willingly or not. He uses himself 
but gloriously. Until the dawn of gres 
capacity and the onset of greater tasb, 
eighty-year life seems to be enough for w 
he has to do. Much more, and his bn 
clogged with its own private memories i 
conclusions, would cumber the progress 
and impatient germ-plasm. For the k 
vidual there is a time for work, there i 
time for rest, there is a time to go. 
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CHAPTER 6 


§ I 


fke Js-vrmal C^^nof^ex. § «. The Probortmn of the Sem. § q Can 
Control I r Sex of Our Children ? § 4. Sex-Unied Inheritance and Sex^deUc^r 
, Gjnandas. § 6. Sex Hormones. § 7, Reversed of Sex. § 8. Intersexes. 

0 

^have none. In the female the reduction- 
divisio^is, of course, perfectly normal: 

jP^**'**”*^*^'^ chromosomes . is even, 
mus every one of her egg-ceUs contains an 
A-chromosome. 

The eggs, then, are all alike, but the 
sperms SK of two kinds. Now, when a 
Sperm with an X-chromosomc fertilizes an 
egg, the resulting zygote will have two X- 
chromosomes— that is to say, it will be a 
remale. If the fertilizing sperm lacks the 
X-chromosomc the zygote will have one 
o^y, and so it will be a male. Clearly then 
the sex of the offspring depends on the 
chances of fertilization, on which kind of 
spenn mwts the egg first. After fertilization 
all IS settled. 

There is the secret of sex-determination in 
the plant-bug. Since the plant-bug is not 
an unique organism, but simply an exam^e 
of the general rule, there in its essence wc 
have the secret of sex-determination 


Tk .^'o)mal Causation of Sm 

TE propose to devote, a whole chapter 
here to the determination and dcvelop- 
t of sex, for three reasons. First, 
use it tlirows much light on devclop- 
tal physiolo.^y : it illustrates with cxcep- 
il cIeariios.s tlie way in which genes, 
nal secretions and so on work together 
idividual development. Secondly, be- 
: it is one of those fields which have 
enormously illuminated by recent 
■ And, thiidly, because it is good 
II simply, clearly and cleanly in terms 
eiics and gametes, matters too often 
ed in an alinosphere of shame and 
[' licat. 

Tit, WC will consider that central 
lein, what determines whether a child 
ymin^ animal shall be male or female ? 

;h variety of views has been put forward 
.his question : the sex of one’s off- 


- '.'wvv.ft ■.•a.xxxMMVfXA m 

" ' ; s OH- ourselves. It is a simole secret Rev 

quantity or quality of more than a Mendelizing character dependent 
s food, u, maternal .mpresdons, upon a chromosome.® And Ae SS 
"''T decision, whether the future emb^ ^ 

1 n m 3 be male or female, occur, the«for?ltX 

and many c,il,ers. Some of thew moment of fertilization. 

nni J ic'ir advocates. Wc But in minor details the process Varies 

he pssrniiT”". I species to species, from group to group. 

.1 IS now known, Sometimes the X<iiromosome is not alone 
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ite noiiung to do with any of them. 

in discovered 

" , plant-bugs the mimb-r of 

wmes difc in^ the two ^ 

S ‘If number, a 

the male has an oM'd 
^*anil,e female. In'^Z'feS^ 

>cr of one of the - 


‘ fetnale^ 

-ned !}](> 
aio.sc 


MBv. vaaaSiMavMav so 

in the male; it may have a very much sma^ 
companion. In this case the iperm wbit^ 
the fiiS-dlBecl ' -X^jbromwiome ■ : ‘1^.: 

.A. ,u..,w'.!*it». I,. 

ifllllQPl, .{v\ 


(^hromo«oin^<t|ii^ mt, tml nevet^ioM 

CnromOSrinn^ W*, a 


t- The mv .r 

‘ ^^male h.il chromosome, paired 
.single in the male, was 
‘^-^'b'oinosomc. The ques- 
' t happens in the male 
^cn the sperms 
rc 




by a slight discrepancy in length, or by some 
twist or trick of shape. Sometimes they 
are exactly alike in visual appearance, but 
even in these cases their existence and their 
difTcrenccs can be demonstrated by breeding 
experiments along lines to be di^tissed in 
§ 4, following. 

To-day, visible differences between the 
chromosomes in the two sexes have been 
detected in insects, centipedes, and spiders ; 
in mammals such as rat, horse, opossum, 

I j •_ . 


ordinary 
’ but the lonely X 

undivided, it 

" the two resulting , 

lalf the sperms, in dog, cat, mo^y, and man ; iiT b 
iromosomcs and reptiles and amphibians ; in sea-urchins 

. -T's ' '' ' . ■. 
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roundworms and molluscs ; in some liver- 
worts and flowering plants with separate 
sexes such as docks, campions and the Cana- 
dian water-weed Elodea. In the vast 
majority, as in the plant-bug, it is the male 
who has the unsymmetrical chromosome- 
outfit, and the sperms therefore which arc 
the decisive begetters either of males or of 
females. The eggs have no voice in the 
matter. Very strangely, however, two 
groups show the opposite condition ; in 
the birds and in the butterflies and moths 
the male is chromosomally symmetrical and 
the female unsymmetrical, so that her? it is 
the eggs which are of two kinds. This fact 
is all the more remarkable since in other 
vertebrates and in other insects it is the male 
who is unsymmetrical, as usual. 

We. may note that the discovery that sex 
is determined at the moment of fertilization 
explains an odd little fact about twins. 
There are* as we hav^e seen, two kinds of 
twins. Sesmetimes two children are born 
together, no more alike than brothers and 
sisters usually are. This is due to two eggs 
descending into the oviducts and being 
fertilized instead of the normal one. But 
real twins are of the Tweedledum and 
Tweedledee type — practically indistinguish- 
able from each other. In this case a single 


early embryo has divided' int(^ two 
and each has grown into a coinpU- | 
Now it has long been known that wH 
the first kind of twin my or njay 
of the same sex, identical twins ;ire inv * 
both boys or both girls. Why ^ 

In the first case there is evidenti 
particular reason why the two should I 
the same sex, any more than there is wh° 
consecutive children should be of ‘the ^ 
sex. It is pure chance. But in theL^ 
case the twins are really parts of the” 
zygote, with the same chromosome.^ 
stitution— hence their close resemblanc 
one another, and, since sex is a Mendt 
character, hence their identity of sex. 

§2 

The Proportion of the Sexes 

Once the underlying chromos( 
machinery of sex-determination had I 
understood, the remarkable fact that in i 
animals the two sexes are producet 
roughly equal numbers was explai 
Hitherto it had been entirely myster 
But since one sex produces equal numlx 
male-determining and female-determi 
gametes, and the gametes of the nthci 
Si alike, it follows that in the long rui 
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soring female in about 

.samcpr<>i'^^rtion. * . , 

This equni ratio may be upset^ however, 
various in ( iuenccs. One sex, for example, 
less resistant than the other. In 
Jj for instance, more males die than 
lales ; th(' difference is greatest in early 
but continues up to old age. The result 
lhat old women outnumber old men ; 
ong people over seventy in England there 
; roughly tluee women^to every two men. 
at this is a constitutional difference is 
,wii by its being even more pronounced 
bre than after birth. In the United 
igdom, the proportion of male to female 
,ths before birth is about 150 to 100 ; 
still-births it is 135 to 100, and for the 
tycar of life it is down to about 120 boys 
100 girls. And just the same happens in 
er mammals, such as cattle.^ 
liere are some further interesting con- 
uenccs of this lesser resistance of the 
nan male. For one thing, the percentage 
emale children goes up slightly with the 
iher’s age and the number of her preg- 
icies. This, it seems, is not due to any 
nge in the eggs she produces, but is 
lirect consequence of the fact that the 
Tiial environment provided by the mother 
icr unborn children becomes less favour- 
‘ with age and previous child-bearing ; 
the males, being less resistant, suffer 
e. There are more still-births and more 
:arriages, a high percentage of which arc 
nales, and so the proportion of female 
dren rises. 

tdecd, whatever favours pre-natal health 
successful childbirth causes a rise in the 
)ortion of boys. In every country Icgit- 
e children show a higher male percentage 
1 ulcgitimate, because’ they are better 
ju ^^fore and at birth. Jews have 
T ^ probably because 

wjsh expectant mother pays more 
than her Christian sister. 
f^;nca, white births show a higher 
largely, 

long been a legend that the 
probable of this lesser constitutional 

niaie mammal •• ■ • 


male 


*<’x-linked fv h^n "‘y 

their effects *^5) gCncs 

“ will often ^bilc in 

partners. Thm 

'^‘•''veakemmre& ^ccss^ve 8cx-Unked 

jeh more often^on ^ 

uo Imrmfutf r ^ ^ P^’oduce a 
1 ; and in tfiis thr rtct$Avti were 

should be ust as 


male birth-ratio rises m^kedly in war-time. 
It docs rise, as the statistics of the Great War 
show, but only to the tunc of less than one 
per cent. ; and this is not due to privation, 
fs used to be supposed, since it did not occur 
in any neutral countries, even those where 
the blockade was causing great hardships. 
It appears, on the contrary, to be due to 
more favourable pre-natal conditions. It 
onlv occurred where a great body of the 
male population was away at the front, 
save for rare leaves, and this, it seems, meant 
for a number of women a freedom from the 
sexual demands of their husbands that was 
favoTirable to a slightly higher survival 6f 
their unborn children, and so a slightly 
increased male ratio. 

But even when all differences in the 
resistance of males and females are allowed 
for, we do not always find exact equality. 
In most white races the number of boy 
babies born alive f>r every hundred girls 
lies between loi and 108 ; and if we take 
the still-births and the pre-natal deaths into 
account, we find that the proportion of 
male to female conceptions must be about 
120 to 100. This preponderance of males 
at conception can only be accounted for by 
some advantage possessed by Y-bcaring 
sperms which enables them to fertilize 
more eggs than their X-bearing brethren. 

Presumably the male-producers have 
^eater powers of endurance than the 
female-producers, and can better withstand 
the arduous journey up the uterus and ovi- 
ducts. We may guess from the statistics 
that for every six male-producers only five 
female-producers get to the top of the ovi- 
of every weven among 
the millions that lose themselves and perish 
on the way are female-producers. 

The machinery of chromosome-distribu- 
tion inevitably produces a precise equality 
of male-producer and female-producer 
sperms. The female-producers arc appar- 
ently handicapped in some way and a high 
male conception-ratio is the consequence. 
But the males arc constitutionally less 
resistant ; and so the preponderance of 
males is gradually reduced and may even 
turn into a preponderance of females.^ 


* There should be mentioned the extremely high 
male sex-ratio, up to 160 males per too females, 
iound in some primitive peoples who are dccresksiiig 
in numbers as a result 01 contact with civilizatiicm,' 
c.fi^ the Melanesians and some North Amedcaa 
Indians. This condition of affairs does not seeih th 
be due to female infanticide, and for the present 
remains wholly unexplained. Whatever its cause* 
the paucity of women naturally helps On the duan- 

pearance of the tribe. 



Oondi^oHs within the uterus and ^di4Ct 
may chsinge the handicap on the fcmalc'* 
producers, and so alter the sex'^'rauo At 
conception* Favourable conditions before 
and after birth will prevent the percentage 
of males declining so rapidly. At present 
in England at least one out of every five 
fertilized eggs dies before birth ; over three 
per cent, more die at birth ; yet another 
fifteen per cent, or so in the first year of life— 
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Fig, 192. How the proportion of the sexes changes with age^ 

BeloWy the proportion of the sexes at different ages in the populatim f Jllf 
WalesfRe^stZ^enerars Report, 1913). Apart from an 

the proportion of males drops steadily from conception to deatL Above, the & 
ihefirUye^oflife. Before birth, dotted ; 

upper p^l for^ the moment of birth is the figure fm all births ; the 

Native, The figures on the left give the number of males to every i oo females. 


a wastage of nearly forty per cent, of all 
conceptions' before one year old. And of 
these deaths, many more arc of males than 
of females. Thus, increase of pre-natal 
care and infant hygiene would soon reduce 
the surplus of women over men. 

§3 

Can We Hope to Control the Sex • 
of Our Children? 

Now we may discuss the bearing of these 
facts on a much-debated question. Is there 


at preicht any 
our children are going m ^ ? 

Various methods jbuzzed fro^j 
to ear, and delicate issofci* ta time and attit 
are discussed. None of iihem seem to \ 
the slightest practical value. The sq 
our children is at present a matte r of ch^ 
half of the millions of spermatozoa w] 
arc injected at any sexual act are ^ 
producers and half are female-produt 
and the sex of 
^^<1 tJepends 
which kind happer 
m^t the egg first 
It has l^en 1 
gested that the'dit 
the pregnant mo 
can affect the so 
her child, a cop 
diet for a girl an 
lean diet for a 1 
and even to-day ( 
cated people are 
ing to realize t 
wishes in this 1 
There may be sc 
thing in this idea 
our later discussio 
intersexes will si 
but there is prob 
not enough for 
perceptible result, 
if any were prodi 
it would be n 
more likely to bi 
abnormality than 
the diet to ( 
things off in the 
of the gene-detcr 
ation. ® 

to be a confusion 
with the effw!l 
external conditioi 
the sex-ratio thal 
'"^ 'discussed in the 
scctipn. Butitil 

be ob^s 

is really no parallel between the ■ 
external conditions oh the rdative _ 
of the sexes and the action of d 
single embryo. . 

At present, it must be adnhttcd 
no practical choice between giris s' 
we have to take what comes, witl 
about fifty-fifty. But this wy 
be true. Son^rfay W »haB I 
out a real me®«i ;^ «»tM 
will be along the Jaw of 






iril, vv/iw-w"** ^ v»wv M*«**(l 

L' Ptl and closely packed chromosomes. 
^ rdinffly^ the ioalc ,has hut otie ,X, 
^ ■' ibsent or small, the two classes 


possibihty by which the sot df imfiVMuak 
may ultimately be controlled from the phase 
of fertilization onwari. Later on we shall 
produce facts which, while they do nothing 
to encourage any hope of controlling Ae 
sex of the young under present Conditions, 
may point to the possibility of an occasional 
post-natal revers^ of sexual structure. 
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wliH h he produces may be exp^ted 
I rad-size, the fcmalc-detenniners 


iperms \ 


i laving bigger hea'^ than their 
’ male-determining brethren. 


lis expect 
int, and ni 


]^ss and 

t a lion can be tested by measure- 
casurement shows it to be 
Tpct. dh( K' is a considerable range of 
Nation in tlic measurement of sperms — 
iir heads air no less variable in size than 
r own. In sperms such as those of fowls, 
o£ which possess an X, this variation 
■ies round a single average size. But 
species with marked difference in size 
:Jeen X- and Y-chromosomes there are 
) high points ; in the bug Corizus, for 
taiicc, thcie arc a great many 
j-ms with heads close to 27^ 
g, an equal number with heads 
jut 29J/X long, and only a few 
h intermediate lengths. These 
) high points lepresent the aver- 
: head-lengths Ibr male-determin- 
: and female-determining sperm 
peelivcly. 

hiis measumblc size-difference 
ween the two kinds of sperms 
i also been proved to exist in 
tral mammals, including man ; Fjg. 193 
!nian, the average head-length 
male-determining sperms is just 
t 4/i, for female-determiners, 

1 under 5/x. It is of consider- 
^ interest because it opens the 
i to a possible method of con- 
ling sex. 


§4 

Sex4inked Inheritance and Sex^detectors 

The genes which the X-chromosome 
carries arc not all concerned with the deter- 
mination of sex. It bears others as well 
The genes are crowded on to the chromo- 
somes in serried thousands, and it is hardly 
to be expected that the X (which is in some 



A diagram showing that two size^lasses of 
sperms exist. 

The heads of 500 sperms from the bug Corizus were measured. The 
graph represents the number of sperms of each head-Ungth, There are 
toAD high points, correspt^ing to the averages for the smaU-headed male^ 
determiner sperms and the large-headed fernale-determiners, Behw the 
comparatwe lengths for the two averages are given. (Afier Ztlm and 
Faust, from the “ Journal f Experimental ^oology 


iinale-dcterinining and female-dctcrm 

so: 

^ oi sejjarating them whether 
pging, or if their speed varies, as 
f does, by making them swim lo 
nicely warmed fluids, or 
It will be a ticki: 
jtt sfioner or later the rig 
py be found. And artific 
has long been shown to 
llie Abb6 Spallanzani fi 
»vitri dogs and cats in the cigl 
1/ ’ ‘^nd now It is used on 
iscai, horse-breeding in Russ 
i We can accordingly lo( 

kil ; 4 in anima 

P s iments of ** sperm-separ 
f Products, labelled or ^ 
|««1 into the ferntOa to W 
Vr'>Portmn .rf mate atMl flm 
Id' d in our ,1— ‘'r 


sp^ics the largest of the outfit) should have 
only the genes which determine sex. 

Now, when a gene is lodged in the sex- 
chromosome, certain complications of the 
ordinary Mcndelian scheme, as we have 
stated it, appear. Most genes are handed 
from parent to offspring quite irrespective 
of sex, but those which are placed on the 
s«-chromosomes cannot help but behave 
differently. As an example of the sort of 
thing which may occur, we take the plumage^ 
colour of two breeds of fowls. 

The Light Sussex and Rhode idand Red: 
are two breeds of poultry differing in colour 
the first being ^te and the second leddidif 
yellow. This difference is due to a sin^ 
Mc-pair which happens to be i^ 

the X-chrmnosomc. White is 
over red. Suppose then that we cross twti 
* Light SuMot hen ndffi: 
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A P T E 

Wc choose this cxsgmle because it • 
practical importance. It is usually mf 
sible to tell the sexes t)f fowls until 
several weeks old. But it would be em 
ently desirable to do so earlier, for then t 
breeder could sell batches of chicb tmaJ 
teed all female to those who want egV^ 
other batches guaranteed all male to tb 
who want to fatten birds for the table 
taking advantage of the facts just describ 
this can be done, and done 
hatching. If a Rhode Island cock 
used with pure-bred Light Sussex b 
we can be certain that all the gold 
chicks are female while the white oi 
are all male. There are other cole 
combinations which give a simi 
result. 

There exist, of course, a lai 
number of widespread popular beli 
and breeders’ superstitions as to 1 
possibility of testing the sex of i 
chick or of the embryo before hati 
ing. Some breeders declare that 
sex can be prophesied from the shs 
of the egg, pointed eggs yield: 
males and rounded females ; otb 
pin their faith to the size of the e 
others to the position of the emb: 
as seen when the egg is “ candle 
Still others believe that a needle 
a, ring held suspended by a thn 
over the egg or chick will tell its 
by the movements it makes, me 
ment to and fro in a straight 1 
,, denoting a male, in a broad clli 
j or circle, a female. There is not 
atom of support for any of tl 
beliefs. Eggs selected by breeder 
male or female have been hatched 
and tested in scientific laborator 
there has never been any notewoi 
deviation from the normal sexjrj 
A French research-worker no^ 
sex recorded by the suspend^ ^ 
for several hundred eggs and 

cxamm«rfthcchickso„ha^^ 


that jii it is the female which only has 
one X j the male has two. The sperms, 
thei«fore, will all be alike ; they will ^ch 
contain one X, and in that X there will be 
the recessive red gene. The eggs on the 
other hand arc of two kinds ; some contain 
an X and in it the dominant white gene, 
while others contain no X, and therefore 
no colour-gene at all. WJien one of the 
former kind is fertilized, the resulting bird will 



fig, 194. Sex-linked inheritance. 

A Rhode Island Red cock is mated with a Light Sussex tm. All 
the male offspring resemble their mother in being white, all w females 
are red like their father. The genes concerned are in the X^hrovmomes, 
and the diagram shows how the criss-cross inheritance is brought about. 


have two X’s it will accordingly be a cock. 
And it will have one red and one white gene ; 
SO, the latter being dominant, the bird wiU 
be white. When the second kind of egg is 
fertilized the resulting bird will have one 
X only, so it will be a hen, and, since the 
colour-gene in the X is alone and unopposed, 
it will be reddish-yellow. 
f Here, then, is a strange result. Wc 
xiossed a red cock with a white hen, both 
pme-bred ; in the first hybrid generation all 
&e^ks arc white and all the hens arc red I 

\ ' , 


of the 


cxamuicu . 

prophecies were right in ^ P 
dmeks^that is to say, m 
expected for btod gwessmg. . 
of various types are facts i 

poultry papers; since th . 


ments b a mw . -o-- 
advcrtbcmaits,j*o^ no} 



what determines 


fU a Jvliodc Island Red hen. Let us 
tres the fact that these curious 
'P l>n(Tle(i inheritances arc not in reality 
u. the Mendelian laws ; they 

rial ^ 

, itself a Mcndclizing character. 


that srx i 


human characteristics 


pu^re an' niany 
i iiilun'ited in this sex-linked way. 
'^ striking abnormalities may be men- 
°(1 One night-blindness, the inability 
c in the twilight ; the other is haemo- 
r a ver)' unpleasant condition, when 
biood is incapable of clotting and the 
illcsl cut may cause dangerous bleeding, 
their genes are carried on the X-chromo- 
u' tlu^se clefecLs zigzag to and fro between 
sexes in a peculiar way. Almost without 
eption they are seen only in males. An 
cied man never transmits the complaints 
ictly to his children ; but all his daughters 
id on the a\'crage half of his sisters), 
uirh thcm>elvc\^ healthy and normal, will 
ui the defect U) half of their sons. Haemo- 
lia occurs in this fashion in some of the 
ropcaii royal families. It was the peculiar 
ictinn of the last Tsarevitch ; and the 
tress of his p.irenls and their resort to the 


<^ari-magical ira of Rasputin made 
this gene a determining force in the history 
of Russia. There is a well-known belief that 
sons tend to resemble iheir mothers, and 
daughter their fathers. Thb finds some 
justification in the behaviour of the X-chrom- 
osomes. For our sons receive all their 
X-borne genes from their mothers, while our 
daughters get a set from their fathers as well. 
As there are twenty-three other pairs of 
chromosomes, however, the difference be- 
tween sons and daughters thus brought about 
will not extend to more than a fraction of 
their qualities. 

§ 5 

Gynanders 

Collectors of insects have for many years 
prized the curious rarities known as gynanders. 
These are mosaic individuals : they are 
part female, part male. The commonest 
and most striking types have their mde and 
female areas delimited with considerable 
exactitude along the middle line of the body. 
I'herc are also specimens in which a-quarter 
or some smaller fraction of the body is of 


nis 


OlECDtR MALE MARRIES NORMAL FEMALE 


cfT 


2 ? 


? ? 




'old'i 


i / a pedigree of heemophilia — 
disease ^ maUs, $ females ; 
black. All the affecUd individuals 
L/ 1 ij the disease to any 

rfdrm : but their daughters and some 
and will transmit 
tS/V"'; half of their sons. 

L ml I ” ! ^ j hamophiiia being re- 

lodged m the X-chromosome. {After 
hWoffw The diagrams {on ri^ht) show 


gametes 



CHILDREN 

CARRIER FEMALE 2 NORMAL MALE 

NORMAL male MARRIES CARRIER FEMALE 







'test:;' 

others Kttle or islands of 

amd female ^ues interlock promiscuoii^y W 
in a jigsaw puzzle. When, as in some social 
insects, the male is winged but the neuter 
icmale wingless, the most bizarre effects 
may be promiced . Modem Genetics enables 
us to understand their origin. The story of 
the commonest method might be called 
“ the chromosome that took Ac wrong 
turning.’* Gynanders usually arise from a 
fertilized egg which, having two X’s, 
should develop into a female ; but after 
one of Ae early embryonic cell-divisions an 
X-chromosomc gets lost in one of Ae 
daughter-cells, and fails to become incor- 
porated in Ae nudeus. This daughter-nucleus 
will therefore have but one X-chromosome, 
while the oAer will preserve the normal two. 
In other words, Ac one nucleus will now be 
male in constitution, the other female ; and 
Aey will transmit their sexual constitutions 
to all their descendants. If Ae chromosome 
should stray at the first division of the 
fertilized egg, the male section will comprise 
half Ac individual ; if at the second, one- 
' quarter, and so on. 

It follows Aat gynanders arising Aus must 
always take their origins in eggs of the two-X 
sex, and that never more than half of the 
individual can be of the other or one-X sex. 

In silkworms, other types of gynander have 
been found. One owes its origin to Ae 
abnormal production of eggs with two nuclei 
instead of one, which arc then fertilized by 
two separate sperms. As a result, the two 
sides of the body can Alfer in regard to many 
inherited characters, just as can orAnary 
brothers and sisters. In bees, strains arc 
known which throw a definite percentage of 
gynanders. 

One recent observation, though as yet quite 
unexplained, must be mentioned because of 
its sheer strangeness. It has been found 
that if Ae chrysalids of swallow-tail butter- 
flies, just after they have been formed from 
Ac caterpillars, are dropped on the floor, 
or jarred by tapping the box containing 
them with a hammer, they produce a con- 
siderable proportion of gynanders. These 
are of unusu^ type, in that they arc always 
patchy and that inAviduals of either sex 
may caAibit small regions of Ac other sex. 
The cause of Ac phenomenon is as yet com- 
pletely obscure. 

But in all the other cases the cause is always 
^^me little miscarriage of the normal chromo- 
’somc machinery. A chromosome is delayed 

its movements on Ac spindle ; a female 
fails to Avide its cytoplasm after 



Jiilile, X), * 


-none . 

:• nbrnuil^ oftf.’.rr'"'* ™ • 


^ ^ T 

monstrous individuisl, abiolopTrtn 
The process, for aU its intricate comnk“^ 
mechanical and n^Mdless of 
harmony or pcrfcctibn in the result, “ ! 

§6 

Sex Hormones 

Wc come now to Ae various kinds ofs» 
abnormahty found in the higher animZ 
m mankind. The abnormal may illuai„* 
the normal ; by studying how the machW 
goes wrong wc get a better idea of its nom 
working. 

So far as structure goes, we vertebra 
begin our embryonic lives not as males i 
as females (nor even as neutrals), but as bo 
Our chromosome constitution is determini 
it is true ; Ae double X or single X 1 
already decided for female or male. Nev 
thelcss, the sexual organs themselves remi 
still male-female — hermaphrodite. Wh 
the sexual apparatus first develops it ct 
sists of a single pair of gonads (which y 
become eiAcr ovaries or testes), but for i 
rest, in the ducts, for example, betwe 
gonads and exterior, it has the rudimei 
of boA sexes. It has a foot in both camp 
But soon it becomes evident to which s 
Ac embryo really belongs. If it is going to 
a boy it enlarges Ac male rudiments wh 
the oAcrs remain undeveloped. And l 
oAer way round if it is going to be a gi 
So it comes about Aat the adult male I 
rudimentary bits of fcmaleness here and thi 
on his body, rudimentary nipples, for exai 
pic, and deep in his pelvis a very sm 
rudimentary uteim And the charactcni 
male parts can be traced in the female. Tw 
facts are by no means proof, as has be 
sometimes suggaited, that the mammals J 
descended from a hermaphrodite anccs 
They arc simply Ac result of the way 
body develop*. , - 

Now Ac ddef agents in the moul^ 
this bisexual giOultii-plan into the _ 
one sex or the oAcr are Ac sexual ho 
substances shed into Ae blood by th 
or testes. Evcr#nc knows that a casw 

male animal < 
in 

dull.a^ 


shape 


I a normal 
I Structure, 

fig bull and 




•r-boned 


arc polar 


l)Ut l|19 
sntary and he 
The same i* 


ilian a 

th« 

Jittlf dilli K'nf 

1 and spii'^’ remain 

^ rrnws oj pursues hens- 
Ir fenwi.-^ with their ovaries removed, 

■, Ithcvisildc changes arc ^erally le«. 
Cycd sow, however, m not oriy 
I bchnviour, but fattens more qmti y 
1 c iormnl sow. In bir^ r^kable 
!.fs may follow the removal of the ovary, 
find ducks changing into Ac plumage 
Ik" and drakes (though wiAout assum- 
Lfulinc behaviour) at Ac next moult. 
Xieolhoale birds is Aus unlike most 
j/secondarv sex-characters ; it can de- 
L perfccily well in Ae absence of the 
|,ut the ovary produces something 

U prevents its growth. _ 

afiing experiments give confirmatory 
[ults A capon’s comb, for instance, can 
by time be made to grow to full size, and. 
‘^bird revived into full activity of crowing, 
Biting, courting and mating, by grafting a 
of cock's testis anywhere into the body- 
y. The grafted testis cannot function in 
reproductive capacity, since there is no 
inectlon between it and the reproductive 
Is. But its glandular function continues, 
grafted piece of tissue always acquires 
ilood-supply, into which the internal secre- 
I can be shed. In the S 2 une way a hen, 
removal of whose ovary has brought 
lut the cle\Tl()pinent of male plumage, 

1 be made to redevelop henny feathering 
a grafted ovary\ 

itill more I'emarkable are the deliberate 
rsaJs of sex-characters. Stcinach 
the pioneer in this field, and his results 
stood firm against much hostile crit- 
If a male baby guinea-pig, a few 
after birth, be castrated, it grows up 
an animal not unlike an ordinary xnale, 
that It is completely neuter in instinct 
behaviour. But if at the same operation 
>varyfrom a young female is engrafted the 
‘ I e ^ows into a passable imitation of a 
“ It i^s smaller than a normal male ; 
pmued with sexual intent by males ; 
L| =^“d nipples enlarge as in a 
, and the animal may even produce 
, j if a foster-child is provided, suckle 
carefor It like a normal mother. 

comnu course, 

normal females; the 


that it proceeded so far hidbre 

cannot be 


tioh. Equafty siiocaidy 
in the converse cxper&ient of masouhrua^ i 
young females, precisely similar stic» i 
cesses have been achieve mth fowls. 

By grafting both ovary and testis into a 
guinea-pig Stcinach even produced an 
animal which had a double personality— it 
oscillated rapidly between masculine and 
feminine instincts. It is one of the most 
remarkable experiments to see an animal 
thus made over in its most intimate anatomy, 
its outward appearance and its mind, by the 
substitution of one small piece of tissue for 
another. We mammals are, indeed, the 
creatures of our internal chemistry. 

Sometimes nature makes these e3q>cri- 
ments. When twins arc conceived by a cow 
their embryonic membranes meet and join 
and the blood-vessels in them unite ; they 
acquire a common circulation and the 
hormones of one can flow through the other. 
Apparently the male hormones arc earlier 
formed and more potent than the female, for 
when the twins arc of opposite sex the male 
is bom normal, but the female suffers more 
or less transformation towards maleness. 
She is known as a ffcc-martin, and is always 
sterile. 

Now, thb is a very interesting qualification 
of our idea of the ruling influence of the gene. 
In that male guinea-pig of Stcinach’s every 
living cell (except those of the graft) had 
its complete chromosome-outfit unimpaired, 
and normally it would have produced mas- 
culine characteristics wherever they ought 
to have appeared. Similarly with that fr^ 
martin, which ought to have been a proper 
cow. But sexual hormones, from the graft 
in the one case and firom the bull twin in 
the other, come in and swamp the influence 
of the original genes. In these higher 
vertebrates the machinery controlling the 
development of sex-characters is a double 
one, a two-switch mechanism. The chromo- 
somes and their genes set the first switch. If* 
it is set one way the animal travels on to 
produce a reproductive organ that is male ; 
if the other, to produce one that is female. 
Here is situated the second switch. The male 
gonad turns on the male hormone^ and it is 
to its influence, not to the influence th^^ 
genes,, that the remainder d* the male sek^ 
characters are sensitive ; and similarly with 
the female gonad and its hormone. We htve 
learned how to tamper with diis second 
switch, and so to send die animals oy# 
on to the oppoMte sex-track. 


In- inscctei howevei^, 
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retain her egg* for tbirec or four 
they arc folly ripe. Snch ** over-ripe ’* 
when fertilized, produce ninety to a^hun? 
per cent, of males instead of the usual 21 
fifty ratio, 

These cases differ from the Ruinea-ni i 
the last section because the reve rsal « S 
plcte. It affects the gonads. In the 
pigs the hormones were upset ; it 
so-called accessory sexual characters j 
were altered. But in these fowls and W 
the action is on a different link of the ca3 
chain. It is the development of the gol 
itself which is attacked. ^ 1 

Even if we rcvenc the gonad of a fowl 
a frog and turn it from an ovary to a t 
the chromosomes remain unchanged, 
the proof of this fact lies in the next gen( 
tion. Suppose that we turn a female froi 
over-ripeness into a male, it will still 
the female chromosome-outfit, with i 
X-chromosomes. So that every one of; 
sperms will have an ,X-chromosome in| 
When such an animal is mated with a ij 
mal female, who therefore is also XX; 
regard to her chromosomes, the next gen^ 
tion will be exclusively female, instead 
male and female in equal numbers, 
similar reasoning it can be shown that 
male turned into a female be mated wit 
normal male the next generation will incl 
two males to every female. And tl 
expectations are confirmed in praci 
Thus by breeding from the metamorpht 
animals we can demonstrate the imm 
bility of their chromosomes. 

In certain invertebrates, we may r 
sex-reversal normally and regularly oe 
in the life-cycle. As Dr. Orton of Plyro 
has shovirn, the adolescent oyster is m 
then it becomes female ; and thereat 
swings slowly from sex to sex with a y 
rhythm. But this has little to do 
re^rsak that we have been conrf 
There is apparently no c>?’'omosome^^ 
ence concerned with s«c m 
more than there b in those plants 
male and female orgaihs on 
Sex in such cases is ® 
fluences in the ^ocess of dcveloptnen . 

§8 

Jnttrstxes 

This brief 


sex-characters in this way. Insects, evolving 
along another path, have not developed the 
second switch. They seem to lack the sac- 
hormone mechanism entirely. Gyration 
or spaying of an insect^ makes no mffercricc 
whatever to the other parts of the body. 
Here the sex is determined by the sex-chrom- 
osomes in every separate tissue, and what- 
ever chemical substances are needed tor the 
development of sexual characters arc brewed 
locally under their supervision. 

§ 7 

Reversal of Sex 

In the year 1474, a remarkable trial took 
place in the Swiss town of Bale. A barn-door 
cock had laid an egg. With all due formality, 
it was tried for witchcraft, sentenced, and 

publicly bunit. . . r i ^ 

Such sexual aberrations in fowls are not 
excessively Crowing hens arc sufficient y 
well-known phenomena to figure in a rhymed 
proverb — 

“ A whistling maid and a crowing hen 
Are neither fit for God nor men. 

A bird ceases to lay, her comb enlarges, and 
she begins to crow. Some go farther and 
exhibit male behaviour— they fight with 
cocks and pay court to hens. This is not 
uncommon. 

In very rare cases, however, the trans- 
formation proceeds to its logical conclusion, 
and the bird changes its sex completely. 
Professor Crew, for instance, reports on a 
three-year-old Buff Orpington which, after 
being a good layer and a mother of chickens, 
ceased to lay, grew spurs and practised 
crowing. Next season her plumage became 
male, her crow lusty, her behaviour mascu- 
line. Isolated with an unmated pullet, the 
transformed hen became a father. On 
“ her ” death, autopsy revealed that the ovary 
was diseased, and had become almost com- 
pletely transformed into a testis. Apparently 
thediscasehad altered conditions in the ovary, 
and stimulated the production of male tissue. 
But whatever the cause, the fact remains : 
sex-reversal is possible to a warm-blooded 
vertebrate, even after it has become adult. 

In ^gs the normal chromosome-machin- 
ery can be over-ridden in various ways. 
Keeping the early embryos at a high temper- 
ature increases the proportion of males; 
and so does acid water ; while a water- 
shortage (e.g. keqiing the eggs only just 
moist) increases the proportion of females. 
Most effective of all is making the mother 
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, j-iijiim ' haracter. But since then we 
'!S,^uall', unfolded a number of quaU* 
**forces modify the 

Jts of that i -rimary decision. Let us take 

1 nf our position. 

fu, is an almost unformed sphere of 
I" substaiHc. When it is fertilized it 
to organise and shape itself, and soon 
Ces under the direction of the genes, the 
P parliament within the nucleus. The 
^ ^ t is not altogether harmonious, for 


iliament i 


tor of the future individual is 


U character „ 

4d by debate between two nval parties 
tenes, contributed one by the father and 
! by the mother. On some points the 
arc in agreement. On others they 
;er and the result is either a compromise 
in the pink Four-o’clock), or the more or 
i complete overruling of one gene, which, 
^ever, is not destroyed, by its dominant 
i And even the majority- vote of the 
les is not alway.s the decisive factor. 

Ve can interfere with the developmental 
icesscs experimentally, and our results can 
uninatc those intranuclear operations, and 
ishow in some cases how the chromosomal 
isioiis arc put into operation, 
lecent gcnetical work is modifying our 
as about the procedure in this microscopic 
iiaracni very considerably. It used to be 
lught that each gene-pair was independent 
k rest of the nucleus ; that in the nuclei 
the hybrid peas, for example (page 295), 
rival genes for tall and dwarf and those 
yellnw and green seeds fought out their 
le battles independently and without 
rfering with the others. But the matter 
lore complicated than that, 
i^epn)po.sc to make the point clear by 
sidcring in some detail the determination 
iex in the fruit-fly. We shall make it 
^ that other genes may take quite an 
^rtajit sliare in the sex-determining 
^ tn this most instructive insect, the 
,as we have already noted, have one 
t X-chromosomc and one 
I in each nucleus : 

«es have two X-rods and no Y. 

Iinosom sex-determining 

i hav^^ 1 ^ Other chromosomes, 
Mave h.en called “ autosomes ” to 

fesame sex-dctermincrs, 

■ DrosonhT “>^<1 

four pairs of 
these ’ *“/ **‘* nucleus contains 
autosomes, which form two 

•““ome n d round 

' ''’'■'determiners, comes fiom each 


parent. All this we have displayed already 
in the pictures and map of die genes of 
Drosopmla (Fig, 175). 

Now, during the ^i||tensive study of varia- 
tion and heredity in this creature a strain 
turned up in which the sperms and ova were 
abnormal, the sorting of the chromosomes 
at the reduction-division being inaccuratdy 
perfonned. So that among the zygotes, 
individuals with all sorts of abnormal chromo- 
some-outfits appeared. Some had one X, 
some had two, some had three and even four. 
And similarly with the Y’s, and with the 
other chromosomes. 

It was found first that the Y contained 
few or no active genes and played the role of 
an inert dummy ; it was a mere dancing- 
partner for the X ; at any rate, it had no say 
whatever in sex-determination. Then it 
was found that the sex of an individual 
depended not, as had hitherto been assumed, 
on the number of X-chromosomes but on the 
proportion of X’s to autosome-sets. For 
example, a fly with one X and only one auto- 
some-set was female ; so was a fly with three 
of each or with four of each. The normal 
female fly, of course, has two of each. So 
that when they are equal a female is pro- 
duced. On the other hand an abnormal fly 
with two X s but four autosome-sets was 
male ; so that when the latter outnumber 
the former by two to one a male is produced. 

V arious other combinations appeared. In 
some the X’s actually outnumbered the 
autosome-sets j in these ** super-females " 
the insect was female in type but sterile. In 
Others the X’s were overwhelmed by auto- 
somes in a ratio greater than two to one ; 
these super-malw ” were male in type but 
sterile. Most curious of all, there were flics 
in which the proportion was intermediate 
between two to one and equality. There 
were, for example, flies with two X-chromo- 
somes and ^hree autosome-sets. And in 
their b^ily characters and instincts these 
nies reflected the abnormality of their 
chromosomes, for they were intermediate in 
type between male and female — to use the 
technical term, intersexes. 

Thus, sex is determined in these fruit- 
flies not by the X’s alone but by a reaction 
between the X’s and the rest of the chiomo- 
^mc-outfit. It is determined by a sort of 
debate in which all the chromosomes partici- 
pate. But normally the deciding factor is the 
number of X’s. Both sexes have the same 
autosome-outfit, and its balance is in 
case in favour of maleness ; its influence is 
strong enough to outweigh a single X 
and produce a male, but is overcome by i 



two X'l, whidi thoi produce • 
is, however, only in abnormal mes that the 
votes, so to sp^, of the autosomes can 
become casting votes^^ This, by the 
shows how abnonnalineS can illuminate me 
normal processes, for without this particular 
strain of curiously developing flies the true 
relations between the chromosomes would 
never have been discovered. 

This struggle between male-producers 
and female-producers in the nucleus is, we 
infer, a general phenomenon in squally 
reproducing creatures. It occurs in the 
development of each one of us. Normally, 
one set has a sufficient majority over the 
other, and the individual is definitely male 
or female. But riot always. 

Some interesting facts were discovered 
by Goldschmidt, the German zoologist, 
when he was crossing different species of 
gipsy-moth, of the genus Lymantria. 
also, there are rival male-producing and 
female-producing genes ; normally one set 
outweighs the other completely. But in 
different species of gipsy-moth these genes 
seem to work at different rates. In the 
European species they are fairly slow. But 
in the Japanese species the whole tempo of 
the Ufe-cycle is swifter, and the gen^ are 
more active. Let us, for the sake of sim- 
plicity, begin by considering female moths. 
All females will have male-dctermimng as 
well as female-determining genes at work, 
but normally the female ones are in the 
majority, and whatever female-determining 
substances they are generating is in exc^ 
over the opposed substance produced by the 
male genes. 

But by crossing different speaes curious 
results can be obtained. Female moths can 
then be produced in which the female genes 
are slow workers, the male genes quick 
workers. The moth begins to develop as a 
female, because of the female genes’ imtial 
majority. But meanwhile, the male genes 
have been producing their male-determining 
substance at a great rate ; and their pro- 
duction catches up with, and eventually 
surpasses, that of the female genes, so that 
the moth finishes its development as a male. 
The result is an intersex in which those organs 
or parts of organs which are laid down early 
arc female in type, while those which appear 
later arc male. And the reverse creature, 
starting , off as male and then becoming 
female, is also obtainable by appropriate 
^ crossing. Indeed, by choosing his strains of 
moth, Goldschmidt has been able to produce 
any degree of intersexuality he likes. The 
^licr in development the moment when the 
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“1- ■■ — ._^’.*a^cnts (if adult nj 
are laid down in chrysalis, the^ 
complete reversal of eex* The division 


race into two equ^ battalion;, one sol 
male, the other solidly female, seems at 
sight fundamental and inevitable. But 
distinction can be set at nought not onl 
the slipping of a chromosoni e-cog bu 
a slight defect in timing. Alter one si 
and you throw the whole harmony oi 
gear. 

Various rather similar phenomena 
been observed in mammals. They ar| 
uncommon in domesticated pigs and J 
Animals classed at birth as females, 
of which have even won prizes in sho 
immature females, develop various mas J 
characters and instincts later. InternallJ 
contain testes and not ovaries, but they 
a uterus besides their male ducts. Agaiil 
seem to be animals in which the rcl 
timing of the sex-genes has got out of 
In goats, in some cases at any rale, theyi 
to have been caused, like the moth ' 
sexes, by crossing different races. 

That the existence of these sex-int< 
diates is determined by heredity Ls sho 
some strjqigc facts which Mr. J. R. 
has brought back from the New Heb 
In the northern island of this Melai 
archipelago, intcrscxual pigs are extri 
abundant, making up perhaps ten or ti 
per cent, of the whole male porcine pc 
tion. They arc called by a special 
{raw^ or ndri) and arc employed in reli 
and social ceremonies. At every s 
chief makes in rank, for insi^ce, so 
have to be sacrificed* Now, if in BritaJ 
acceptance of a knighthood were nexei 
bound up with the ritual slaughter ot a 
ber of intcrscxual pigs, there would be a| 
demand for sows which produced 
valuable monstrosities. This is PJ* 
what has happened in Melanesia. J 
are m^fiid males, which owe t ei ^ 
to a single recasrive sex-hnked or a m 

gene. Sows carrying this gene will J 
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,rinc]inf*tl female in 4eir cKternal 
cters but had male ducts and testes 
\ howtv^ '’ are retained in the belly), 
a more or less well-developed 
jj These children have often been 
1 up ajifi even married as girls, but 
Jline insiiiH is appeared after puberty, 
lus, hcncaih the calm orderly develop- 
ofthr individual there is war in the 
• and in all of US, male or female, the 
forces arc present, one outnumbered 
f other. In rare cases the battle nearly 
sin a draw, and that draw marks itself 
leterminatc structure. And even when 
is a definite win the defeated side 
regain a lit lie ground. Various things 
go wrong. T he chromosomes may not 
iite coireciK balanced, or they may get 
)rk at slightly different rates, or there 
be innucn('(‘s disturbing the ductless 
k 

ere arc fcniimne men and masculine 
:n, in Ijoch^ and in mind. The inter- 
of internal secretions in our bodies 
raordinarily complicated ; thus, if the 
peel of the adrenal gland is too active 
I’oniaii, it may deepen her voicC and give 
lasculinc tastes and instincts ; too much 
ar) may give her abnormally large 
5 and feet ; a deficient pituitary may 
;nt sexual maturing and keep an 
dual ol (‘iih('r sex permanently infan- 
and so on. 

ereader, we nmy remark here, must not 
Sf these genuliH* intersex cases, in which 
lire and 1 unction arc truly intcr- 
Wc, with the alleged cases of which he 
^ ‘iccoimis in pseudo-psychological 
>)0 pcrlt ct men with women s souls and 
. iiiid [)f>rtrct women with men’s. 

i meiMtnre and discussion of this 
\\ilr r!n ignore ; it is associated 
1WCV.-II practices upon 

btvH-ii' " ' • ‘^‘^rnment, and so it 
point out that the facts wc 


sadly mh^acca fii bodies ^ ' 

vice vtna, 

^ Clearly in all that We haive told, disposition 
follows structure^ The' hormones keep body 
and dispositions consistent, ffmo sa^nens, 
however, is extraordinarily curious, plastic 
and suggestible in sexui mattos, and 
through bad influence or unfortuiWM.lB<?ci- 
dents, he may develop the strangS^^piost 
pitiful perversions of desire, matters for the 
parent, guardian, friendly doctor or mental 
home rather than for publication and sym* 
pathy. The importance of these unfortunate 
eccentrics is enormously overrated, both by 
their adversaries and themselves, and more 
than half the evil of their misfortune is due 
to such exaggeration. On the one side a little 
abnormal thought and behaviour is repre- 
sented as a terrible crime, on the other hand 
it is elevated to the dignity of a marvellous 
distinction. Sexual fuss is rather characteris- 
tic of the primates, as any cage of baboons 
will testify. 

There is no reason, however, why biology 
should be invoked to bokter up perverted 
ideas or why it should tacitly allow its facts 
to be misapplied. 

The true intersex is physically malformed, 
a thwarted being in that respect but not a 
perverted one. The organisms with adrenals 
or pituitaritt or some other bit of vital 
chemistry disorganized arc in another case. 
They arc not full intersexes, in so far as their 
reproductive organs themselves arc definitely 
of one sex. But in their temperament and 
physical quality they arc not as fully sexed 
as the normal. It is such combinations that, 
give us the masculine women and feminine 
men of whom we have spoken. Very pos- 
sibly such organisms arc more readily sug- 
gestible in the matter of. sex abnormality. 
That we shall only know when the analysis 
of motives has bi^n pushed farther than 
its present elementary stage. 

Meanwhile, let us beware of this grotesque 
and very unbiological mythology of purely 
female souls in purely male bodies and all 
that it implies. 



BOOK 4 





VARIATION OF SPEGlfS 


^ i. The Open Q^stions of Variation. § 2. Mutahon : the Expaimentint 
the Gem-plasm. § 3. Are There Forward Bounds in Mutation § 4 ^ 
Acquired Characters Inherited? § 5. Artificially-induced MuteUion. § 6. V 
and Smoke. § 7. The Significance of Sex. § 8. Variation in Plants. ‘ 


§ I 

The Open Questions of 
Variation 

Our preceding chapters have, we hope, 
cleared up the general facts of individual 
development with a sufficiency of detail and 
explanation for us to resume now those 
broader questions we had to leave open at 
the beginning of this Fourth Book. We then 
explained the main interrogations that are 
still undergoing discussion to-day about the 
method of the evolutionary process. We 
ended our first section with a group of four, 
not mutually exclusive, alternative pos- 
sibilities of the way in which species may 
have varied, concluding with a brief para- 
graph upon the agnosticism of Professor 
William Bateson. In what follows we hope 
to supply the reader with sufficient material 
to obliterate the scepticism of that eminent 
authority, with an entirely reasonable 
understanding of the possible How of the 
matter. 

Our alternatives — or rather our group of 
possible origins of hereditable variation — 
were firstly, what we may call mechanical 
or chance changes of the germ-plasm, in 
which the Neo-Darwinians (Weismannists) 
find a sufficient cause ; secondly, heritable 
variations due to striving and the acquisitions 
of the struggling individual (asserted by the 
Lamarckians and denied by the Weismann- 
ists) ; thirdly, variations sustained in a 
definite direction, due to an innate drive in 
the germ-plasm of a group of species (Ortho- 
genesis) ; and fourthly, variations through 
some mystically conceived force within or 
without the substance of the species in a 
“ creative ” or ** upward ” direction (Berg- 
son and Shaw). 

Wc did not note in that section, but we may 
note hc^re, how easily this latter belief may 
relapse from Evolution to the older con- 
ception of Transformism by accepting every 
favourable upward movement as a relapse 
into creative activity— and by ignoring the 
frequent degenerative processes that occur. 

We shall deal first of all with the fortuitous 
mechanical Ganges of the germ-plasm. 
We shall show that such changes certainly do 
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occur. But we shall not go all the wav 
the Neo-Darwinians. We shall proc^J 
discuss in a far more open spirit but with 
absolute rejection the Neo-Lamarckianclj 
for the inheritance of acquired charad 
istics (somatic changes). Then we 1 
take up Orthogenesis (on which we H 
already thrown the shadow of doJ 
and conclude with an examination of I 
Creative Evolution idea. In that way! 
hope to make this Book of our work a cl 
plete summary, from our point of view li 
remembered, of the state of evolutioi] 
discussion at the present time. 

§2 : 

Mutation : the Experimenting of ! 
the Germ-plasm 

Heredity is in its essence a conserve 
tendency, binding each generation to 
organic semblance of the last, and in; 
preceding exposition of its principles! 
have treated of the genes as immutable u 
shuffled and dealt out in various come 
tions but unaltered by their treatij 
sometimes lying concealed by donj 
partners for generations but always erj 
ing unchanged, as atoms emerge uncha 
from the molecular combinations in vj 
they take part, or as the cards lie oj 
table unchanged at the end of an everi 
bridge. But now we must tackle am 
portant complication of the story. ^ 
times the genes themselves may unj 
alteration. Let us consider 
instances to show how living things j 
inherit, and at the same time evolve. . 

In the year 1791 a l^^achwctM 
farmer of the name of 
greatly surprised when one ot ^ 

a lamb with the build of a ^ j 

a long back and short, bowed legs, h 
like it had ever appeared in Ins J 
Now it happened that he w J 

plexed because Im of 3 

other people’s win those] 

chusetS; it d 

So.he noted 

arrival was^ »■ H 


and reared 
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[ and found the iMW shape to 
hj,vp ((u thereafter his ^sheep were 
either * oinpictely Apeon (as the new 
□ was called) or completely ordinary. 


□ was CaDca; W*v«uaiy. 

nicking short-legged type 

t in a h yean a very considerable 

fof animals which were unable to jump 
[r fences and the variety spread through- 

[Massachusrtts.i ^ 

n the laboratory of the Carnegie Institute 
Cold Spring Harbour, a strain of water- 
is mapknia) liad been bred for 363 gencra- 
lis. The animals of this strain thrive best 
20° C., and die if the temperature goes 
pve 26“ or below ii°. After fourteen 
L a mutation arose which adapted its 
lessors to dill'erent conditions of tempera- 
I The young of this new type die if kept 
the standard temperature conditions. The 
itant strain does best at 27° C., dies at 20°, 
Jwill tolerate 32°. Apart from this altered 
ciioii to heat and cold, no other difference 
jd be found between the two strains, 
re we have an excellent example of the 
ni-plasni throwing up a new type which 
[ht be of the greatest service to the 
ties in helping it to spread to warmer 
latcs. 

lie Florida Velvet Bean could only be 
m in Florida and the Gulf States. Sud- 
ly a variety appeared which would 
'erand set seed in less specialized weather 
which could therefore be profitably 
ited over the whole cotton belt of the 
led Stales. 

variety of Tobacco appeared which 
W not flower in Northern U.S.A. 

Its parent plants had successfully 
^1 but winch could be made to flower 
sei*(i by keeping it under artificial 
nation winch corresponded in length of 
^ sub-tropical summer. 

) nt a bound the strain had fitted 
^ ran entirely new climate. 

JckU: examples of mutations. 

>; sudrlp^i genera- 

innovating change, and 
’"’'’appeal* new feature, a 

I a rccpw^'^ process. Some- 

forgcncr ulo'^* concealed in a 

and iT ?. “P abruptly. 

four ^ imitate mutation. 

recalled no known 

K “Voduced h * «*e^ve ; 

'’“'abto,, . actual altera* 

''■“dy dupUced by the Merino. 



one of the genes, not by merely 
ihufning the old ones about It is a genuine 
innovation, an enduring change in the 
germ-plasm, and it need not show the slight- 
est (hsposition towards recessivcncss under 
hybridization. 

These little gene-leaps that we call muta- 
tions arc certainly one very important way 
in which the race changes. Iney are the 
normal ticks of the evolutionary clock. By 
mutations, now in this part, now in that, 
races slowly modify themselves. 

The classical studies in mutation have 
been made with various species of that most 
convenient of insects, the fruit-fly. Every 
now and then, among hundreds of normal 
fellows, a “ sport ” appears. The novelty 
may differ from the rest in eye-colour or in 
wing-shape, or indeed in 
the appearance of any 
part oiTits body, in length 
of life, in its reaction to 
light, and so on. Often 
the same mutation turns 
up independently in 
several different stocks. 

Altogether in the course 
of this Drosophila work 
over five hundred muta- 
tions have been carefully 
recorded. Thus every 
now and then the germ- 
plasm experiments and 
tries something new. 

By skilful crossing it 
has been possible to pile 
together a great number 
of these mutants into a 
single strain. The re- 
sulting insects are amaz- 
ingly unlike the normal ” parent type. 
They look more like ants than flies, and it 
is highly unlikely that if an entomologist 
were confronted with specimens without 
explanation he would identify them as 
Drosophila nulanogaster. He would think 
them at least a different species. There 
arc many other well-established cases of 
mutation in domesticated animab. Among 
plants, maize and the garden flower called 
Primula sineruis, the Chinese Primrose, ‘ate 
classical examples, but there arc plenty 
more. 

It is, of course, impossible to ifbsme 
mutatipns directly in wild nature, for one 
has no pedigrees and cannot tell vriicthcr a 
variety appears merely by shuffling of 
pre-cxbting .genes or whether it b teaSiy a 
mutant. But there is every reason to bcBeve 
that mutation b ftequent in wild 

inii' 


196. A 
Drosophila which 
no longer looks like 

^ fly ^ 

A specimen of a strain 
combining Utx> muta» 
tionSf vestigial wings 
and black b^y. {From 
The Physical Basis 
of Heredity i' by Prof. 
Thomas Hunt Mor- 
gan. J. B. JUppin- 
coU Co.) 
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There are plenty of dearly demonstrated 
cases where wild animals and plants differ j. 
in characters which are inherited according 
to Mcndclian laws, and which we may pre- 
sume therefore to have arisen by mutation. 
Thus the grasshoppers Paratettix and 
tix of the Middle Western U.S.A. are found 
in an astonishing range of colours and 
patterns, all of which Mendelize. In 
guinea-pigs and rats, the coat-colours of 
different wild species have been shown to 
differ by Mcndelian genes. In pheasants 
and in snap-dragons and primulas, where 
fertile species-crossing is possible, Mendelian 
species-differences are also known (Book 3, 

Ch. 4). • u u 

Note that these mutations that we have 

been discussing, the Ancon sheep and the 
Florida Velvet Bean and the Tobacco and the 
rest, all produce pretty considerable results. 
They are rather abrupt jerks of progress. 
But all mutations are not like that. Some 
are so small as to be barely perceptible, 
and probably these are the commonest. An 
abrupt jerk will obviously stand more chance 
of being noticed by the human observer. 
Occasionally in the course of very delicate 
experimentation such inconspicuous muta- 
tions have been recorded ; Johanssen (Chap- 
ter 3) observed two in his beans, Castle 
(Chapter 8) saw some in rats, and quite a 
number have been found in the fruit-fly. 
Such minute changes are probably wide- 
spread in animate nature. There may be an 
infinitesimal mutation in every individual. 
In a universe in which every known and 
observable individual thing is different, it is 
easier to believe that two separated frag- 
ments of germ-plasm are slightly different 
than that they are absolutely alike. 

Thus, with apparent spontaneity through 
these greater and lesser mutations, the race 
makes its experiments. In the remaining 
sections of this Book we have to see how, 
out of these mutations, the steady progressive 
changes of Evolution may be wrought. 

§3 

Are There Forward Bounds 
in Mutation? 

Here perhaps we may find space for an 
idea itiAi had some currency in the beginning 
of th6 century through the work of dc Vries 
(bom 1848) . It is that there are spurts, jolts, 
storms of mutation in the case now of this 
spedes and. now of that. A stock was sup- 
posed to evolve in a series of violent efforts, 
first a rush of variation, then a rest, then 
another rush, followed by another rest, and^ 
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„ T:iesc''’*]iS^^^hes he ti, 
.uppl^ the all of thev" 

tioiwl factor m Tluy Jj 

sidcrable enterratoai ' ' ' 

They might yield new tpodes ai a bounH 
is as if a speaes or group of speeb „ 
along m a hunadrum way, were lo 
denly pricked by an unaccouni<ible whl! 
in. Recently tos idea has been revised i 
exaggerated and purposive form by 
Hilaire Belloc in one of his all too rarct 
tributions to biological discussion. Unj 
to imagine how a fore-limb could be tr 
formed from a walking hltib into a tv 
convinced of the fact of Evolution and eat 
convinced by Ac assurances of an er^ 
Montpellier biologist that the comnn 
accepted pedigree of Ae birds is unsound 
Belloc resort^ to Ae suggestion of a n 
series of large mutations, during which 
developing birds must have led a rei 
and embarrassed existence, provident 
escaping extinction unA the new gift 
attained. Contemporary biology has 
• need and no evidence for this grote 
hypothesis. 

The work of de Vries was based al 
entirely on the behaviour of one of 
Evening Primroses {CEnotliera lamarck 
which he found growing ready to har 
Holland. It seemed to be in the throes 
evolutipnary burst, throwing out all so 
strange varieties among its offspring, 
work was already shaped out befon 
revival of Mendel’s ideas or the realizati 
Ac full significance of the chrornosorr 
development, and on Ae face of it se 
to justify his claim that a species in a 
of violent evolutionary activity migl 
large and abmpt mutations throw oil 
forms, some worthy to be classed at 01 
new species while others constituted in 

new varieties. ^ 

Unhappily he had hit upon this u. 
lamarckiana for his njatcrial, and e 
happens to be a very 


loose and inaccurate in 


process to an extraordinary n 

dc Vries’ new types was due to a dup 
of all Ae chromosomes, giving an ^ 

ally large plant vdA four ms e 
chromosome-sets, tte J’fa 

owed their origin to Ac siipP^’^S 
Ac machinery dfeotomosome- 
fault to wAcn^^^^l^oitfeera, gon 
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It got a con\p\ctG chromospme-pddc.- When 
C with t^vo membew of pair unite 


Ith a norni^ii gamete, the resulting zygote 
extia chromosome, being provided 
th three instead of the normal two of this 
iticular kind. And this, of courac, has an 
[ect upon its appearance. For instance, a 
plication (d one particular chromosome 
0 rise to })iants with very broad leaves. 
These type s, however, have no evolutionary 
-nificance, Ihr they cannot breed true. At 
iuction, tin three chromosomes separate 
to two and one. If, at fertilization, two 
•ct two the I ( suiting zygote, over-balanced 
two extra ( liromosomes of one kind, is 
ible to live. If one meets one, the normal 
ginal type is reconstituted ; only when 
omcets Oiu' is the new type repeated, and 
s in fiirthei generations must again 
ra)'s throw a certain number of normals, 
[lien owing lo an extraordinary complica- 
n of lethal factors, recombinations occa- 
[lally can crop up in a previously un- 
pccted wav, and were mistaken by de 
es foi new mutations ; and finally some 
limitations and recombinations appeared 
they do ordinarily in other plants and 
Dials. 

he net result of twenty-five years of 
arch, suniined up in Renner’s mono- 
)li, IS that no special storru of mutation 
gitaiiiig (EnoiluTa’s germ-plasm. So far 
fe can see, die kind of sports it is throwing 
It will continue to throw as abundantly 
^er, so long as it exists ; and most of 
J /irc aecideiits to the chromosome- 
tiinery of no significance for Evolution, 
regards true evolutionary material, 
era is producing no more gene-muta- 
do the general run of plants and 

irpK sports, there 

ea on i„ suppose that it is at the mo- 
d ging in a burst of them. De Vries 

hestiiflv ^ as his material 

finh: / • as Mendel was 

of the pea for his study 

rose ^ dismiss the Evening 
SonaM)r. ^ Evolution by 

Kins I J I^at 

% to 

If to storms of 

‘ this d ; there is no 

Few facts, 

Ever v H • support of such 

. intcmivcly studied— 

fey thrr-^ ®'^^«C"e-«iutations. 


ow ,, ’*'^^8cne-mutations. 
them do^ ft«d aide- 


ways m<^ often than th^ throw them up, 
further, the rate at which genes mutate 
seems roughly the same in all of them. There 
f evidence to show that in Switzer- 
land the Bee-orchid has started to produce 
numbers of varieties in the last ^ ycara, 
'^le the same varieties were scarce or 
absent earlier. But many more records and 
experiments on animals and plants, both in a 
j ^ud under cultivation, will be 

needed before we can say if such mutational 
storms are as isolated as they now seem to 
be or whether they do, indeed, bear upon 
the evolutionary process to any notable 
extent. ' 

One tenaciously-held idea at least seems 
to be without foundation. It used to be 
implicitly believed by practical breeders 
and scientists alike, that the bringing of an 
animal or plant into new and favourable 
conditions would cause an epidemic of 
variations. Rich food, protection, and 
warmth for animals ; cultivation, good soil 
and plenty of manure for plants— these 
were asserted to bring on mutation-storms. 
But modern experience is rendering this 
conclusion very doubtful. We see variations 
more readily when they are under our eye 
and when we are on the look-out for them ; 
and in cultivation we preserve many that 
would go under in nature. That seems to be 
all. 

This idea of evolutionary spurts was much 
more reasonable when fossil records were 
incomplete— for instance, when only half a 
dozen steps in the Horse progress were 
known-than it is to-day. Now, with the 
lossil records of the horses and the sea- 
urchins, of the pigs, camels and elephants, 
ot the pond-snails {Paludina and Planorbis) 
ammonites, and many others at our disposal,’ 
we can feel reasonably sure that on the whole 
Evolution progresses slowly and steadily. 
Whenever ye get a reliable fossU series we 
End that to be the case. The crises of 
EvoluUon when they occur arc not crises of 
vanation but of selection and elimination : 
not strange births, but selective massacres. 

1 he germ-plasm, it would seemi has gone 
on throwing up mutations at about the same 
rate age after age. 

§4 

Are Acquired Characters Inherited ? 

Now we come to a knotty and contrd^^nial 
question, and the best way to get clear about 
It will be to attack it historicafly, 

Lmarck, in his discussion of Transfonnisin • 
in tlw kter eighteenth ceolur^^ bdreved 
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that a apccics “odifipd itself me mtJt rf 
the cuniulativc inheritance of the efforts o 
its constituent individuals. The 
giraffe stretched out its neck to reach the 
leaves of high trees ; this elongaUon wm 
transmitted to some extent to the offspring 
and thus, by generations of stretching, the 
species produced an innate elongation, 
b^cksinith wields his hammer and his 
muscles swell and harden ; as a result of his 
exertions his children (on a Lamarckian view) 
arc the more muscular. White men venture 
southward into the tropics ; ^ a protection 
from the blazing ultra-violet light their skins 
become tanned, and thus by generations ol 
cumulative tanning the coloured races ol 
to-day are supposed to have arisen. 

Lamarck held that, in the race as well as 
in the individual, exercising a /acuity led 
to its further development. He did not 
invent this idea. Its truth w^ generally 
assumed at his time, as applied to human 
pedigrees or the breeding of domesticated 
races of animals, and had been so Msumed for 
centuries. He simply adopted and extended 
the idea and showed how it might be imag- 
ined to play a part in Evolution. Moreover, 
he believed that neglected or unused parts 
shrank away and finally disappeared ; the 
classic example of this was the hind legs ol the 
whale, which were reduced to mere vestiges 
when these aquatic mammab gave up walk- 
ing about on land and took to swimming m 

the sea (Fig. 134). ^ 

In addition, the modem followere ol 
Lamarck stress the inheritance of the direct 
efforts of the outer environment. Everyone 
is familiar with such direct modifications 
of the individual. Animals on a low diet 
grow up stunted ; trees exposed to a steady 
coast wind grow all in one direction ; plants 
grown in darkness never form green (mloro- 
phyll. More subtle reactions are the in- 
dividual immunity acquired after an attack 
of measles or small-pox, or the succulent 
fleshy leaves produced on geraniuim and 
many garden plants by watering with salt 
water. The Neo-Lamarckians suppose that 
such effects, as well as those of use and disuse, 
arc also inherited in their degree, and con- 
tribute to evolutionary change. 

There are two ideas to disentangle here. 
One is the strictly biological problem ; Do 
modifications imprinted on an organbm 
during the rough-and-tumble of its lifetime 
affect the characters of its offspring at all ? 
This is the problem with which as biologists 
we shall concern ourselves here. The other 
is the philosophical idea of the race perfecting 
itself by striving. Wc need not concern 

354 



pHAPTER 


■(JamJvb of the 

plants ahd b^ieria nrolvc as well as 
and they cannot he $aid to .strive wiit,' 
distorting the word beyond recognS' 
And in any case, unless the biological 
tion b answered in Ae affirmative, the phjj 


sophical does not arise. 

It is clear enough^ that the problem is 
vital interest, for if acquired characti 
can be inherited we would reasonat 
expect education and the effects of occur 
tion to be inherited ; we could hope tl 
by nursing our children carefully we w< 
imprinting a permanent improvement 1 
the race and there would be no limit to ( 
improvement which education and soi: 
betterment could make on the human speci 
however carelessly it bred. 

Let us remember that there is a siro 
“ commonsense bias in favour oftheinh( 
tance of acquired characters. The tales 
the giraffe, the blacksmith and the suiibu 
white sound entirely plausible. In 1 
often-quoted example of the pointer c 
it is natural to assume that the dog slai 
rigid at the scent of game because he i 
been taught for generations to do so by 
masters, and the habit has become 
instinctive character of the race. Yet 
the present day the majority of trail 
biologists show a definite bias agi^ 
Lamarckian interpretations. Let us i| 
their reasons for this opposition. 

When Lamarck put forward his views, 
chromosome machinery of inheritance 
still unknown. The profoundly illumina 
nature of its discovery is not often rcali 
Darwin, who believed in the inheritanc 
acquired characters as a subsidiary cait 
evolution, suggested a purely theore 
mechanism to explain it. A nurnbe ol 
particles, which he called gemmub, 
supposed to be formed all over the 
and to swarm into the testes or ov 
way of the blood-stream. From every 
every tissue, they were supposed^ 
from the head and the sto^c^ 

the fcct^and they 

celb like the animak mto the Arx* 
the embryos of the 
supposed to supervise 
mcnTeach going the he 

according to its 

stomach or cars oftfeet, of their p2 

were formed after the patt ^ 

Now it is easy to m how or 

inheritance of an acqmred cha^ ^ 

be explained. ^ 




igy. Abovt\ a diagram of the relations of germ-plasm arid body {soma). The germ-plasm 
wwftal, hut ifi each generation produces mortal bodies^ containing many kinds of tissue. Thus 
Wr of the parent is not directly ancestral to the body of the child. Below, a diagram of Darwin^ s 
j'of Paiis:encsi^. He supposed that gemmules immigrated from each tissue of the body into the 
Lfilrn, wheme in the next generation they could emigrate to the tissues of the offspring. In this 
ca^c Iheic would be some kind of continuity between the bodies of parents and children. 


inborn and uiihcgotten children. This 
I, with minor variations, was held widely 
rethf* chioriiosoincs were discovered. 
Dntrasi with (liis the modern gene theory, 
[he view we have just examined the 
niiinint^ pariick^s were dispersed in the 
no, M)me going to the head, some to the 
and M on. Like letter's in the post, 
had i(N aj)|)i()priate destination. But 
le modern \iew the determining particles 
gnies! ate not thus separated ; as a 
t of the (kdicait'ly adjusted processes of 
livision the wliole complex is distributed 
ihcr, much as a number of copies of a 
pappi are printed, all alike, and dis- 
fed. Some sets go to the head, some to 
cet, and they work according to their 
‘ions. It is like copies of one and the 
^popular iicw,spapcr going here into the 
o“lic sporting man, who reads merely 
“ng nnvs, Jicro to the speculator, 
‘he City column; 
n 'uns his eye ineffectively over 
*1 ‘he crime 

bnt ’fr*‘ (when he 

hi fashion and household 

‘Honf'ii".’. ovaries, 

'A arc ,1 ‘he future 

'^'wis cvi(i"!7'^' modern 

‘I’hsm iJi! " ^ T continuity 


' ™Sans^or*^'i^ for the repro- 

Patn nd’L^t.'’‘^y 

otif'i ^ children, but 
’ has to go back nearly 


to the previous generation to trace direct 
living continuity between a father’s nose and 
his son’s nose. 

This point of view was stressed by 
Weismann (1834-1914). We have already 
noted his distinction between germ-plasm 
and soma (Chapter 2, § 9). When •the 
chromosome mechanism was discovered he 
pointed out that it made the inheritance of 
acquired characters difficult to believe. 
And he tested the point by direct experiment. 
If the view which Darwin propounded, 
of a contribution from every part of 
body to reproduction, is true, then local 
mutilation of the body, by injuring some of 
the hereditary particles, will produce corre- 
sponding injury in the next generation; 
if the later view is correct, and the germ- 
plasm is separate from the beginning, 
mutilations of the soma will have no efifect 
upon it. So he tried the effect of cutting 
off the tails of mice, with entirely negative 
results. ^ Generation after generation of 
mutilation did not curb the tendency of 
the young mice to grow tails. The biologist 
might say with the poet: “There’s a 
divinity that shapes our ends. Rough-hew 
them how wc will.’’ 

There is ample corroborative evidence 
on this point. The Jews, for example, 
have practised circumcision for at least four 
thousand years, and yet they are still bom 
of the same structure as Gentiles. And there 
are plenty of examples of similar failures 
to influence the shape of the race. The 
flat-head Indians and various African tril:^ 
compress the heads of their chfldren into 
the most abnormal shapes. Chinese women 
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of the upper classes were for many centuries 
compelled to compress their feet to mere 
trotters. Many races distend their ear-lobra 
with pieces of wood until they reach to their 
shoulders ; and the women of some African 
peoples enlarge their Ups in the same way 
until they protrude like fantastic beaks. 
But in not one of these cases^ there any 
trace of an inheritance of the effect, whether 
it lead to a stunting as with the Chinese 
women’s feet, or to over-growth, as with 
distended lips and ear-lobes. 


By these facts the older \iew of 
hereditary mechanism was unde i mined j 
the probability of a complete independe 
of the germ-plasm was strengthened 

became extraordinarily hard to see , 
an acquired character could be inherij 
Weismann proceeded to look into 
evidence for the phenomenon. Is there 
need for us to admit ^ this theoretic 
incongruous hypothesis into tlie harm, 
of our ideas ? In a word, is tliere anyc 
case of such inheritance on record ? 

Many supposed examples, 

> ( * r found , could be dismiss('d as the r( 

of mere chance, or of the nat 
but unfortunate tendf ney of hui 
nature to remember and exagge 
striking coincidences, while allo\ 
the much more numerous ( 
where nothing striking occurre( 
fade out of mind. A man hi 
finger amputated ; liis son is I 
with defective fingers. A woi 
bears a scar on her fac e as the n 
of a wound ; her child ha.s a bi 
mark in “ exactly ” the same pi 
Such facts may be perfectly 
(although we often find we ha^ 
discount some of the exactitud 
the resemblance on account of 
tendency to make the best of a j 
story), but they do not prove 
thing. Isolated cases never p 
anything, because they may be 
to chance and we do not knov 
odds. Children with deleciivc 
gers or marks on their faces 
also bom firom perfectly no 
parents. Only a systematic ci 
tion of observations, selecting no: 
and omitting nothing, or a systa 
set of experiments, in whicli 
results of treatment can be co® 
with those of a control exp^ 
which no treatment is gi 
these will prove any| 



Fig, 198. Distortion practised by African tribes : the 
women of the Sarajingi tribe in the Lake Chad province 
distend their lips with wooden plugs, 

(From “ La Croisihe Noire^' by G. M. Haardt and L, Audomn- 
DubreuiL Andri Citrohif Paris.) 

Most familiar of all such failures is the 
absence of any hereditary effect on language. 

Not only do English children have to learn 
their own language, but they learn it no 
quicker than they would learn French if 
brought up from the first in a French- 
speaking household. Here is a habit prac- 
tised daily and hourly through all but the 
first year of life ; and nothing of it, neither 
words nor ideas, neither grammar nor accent, 
has become engrained in the hereditary 
constitution. 
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whether positively or nega^ 
They wiU show us what » a 
chance alone,- and wlwt , {jd 

To trust to these anecdotes of 

is like baddng ® unkna 

IS completely u 


States thoj 



variation of species 


the new-) ingled fences, blit that after a 
noarativcb few years such accidents 
lame extn oely rare. This is often cited 
a case of inherited experience ; but it 
lid equal! > \\ cll depend not on the young 
inals inheiiting anything, but on their 
rning direi tly from the old, and this is on 
leral grounds more likely, 
ieain, it u perfectly true that many 
jhorc plants produce unusually fleshy 
So do many garden plants, such as 
aniums, they are watered with 

^,atcr. hut in the shore plants 
charac tn is inherited ; it 
^ars even if they are grown 
es away from the coast. May 
lot be that they owe their fleshi- 
! to the cumulative effect of 
fratioiis of exposure to the salty 
ly? Perha[).s, but not necessarily, 
culcnce appears to be a useful 
ility in such situations, for the 
jeiKT of salt makes it more 
iciilt for th(‘ [jlant to withdraw 
fr from the soil — the soil is, 
siologicallv speaking, dry ; and 
llt’shy lea\’es provide a reserve 
e of water in case the roots fail 
bp up the supply. It is just 
ossiblc to su])posc that mutations 
dng for lleshincss Occurred 
3 ng the salt-plant’s genes, were 
mecl because of their utility, 
thus fixed in the hereditary 
ililution. 

nd so with the dark-skinned 
lical race's ol man. Pigment is 
necessary where the sun’s rays 
intense to protect the tissues 
ovct-d()s.icj(* with ultra-violet 
there ate some very fair 
who never loii ; they burn 
ptcl, and siill'er a great deal in 
lyiiudes. In the tropics this 
o '™ I'ssciitial that those 
j^jappeiird to |,avc a hereditary 
fteion making for dark skin 
M hetu-r than those of lighter 
Won' M'" “ny further 

' W iritnr"/ h seized 
_ ) >ut,nal select, on. This is in itself 

•i! cITee, vy “ that the actual 

■i'y oldv handed on by 

■“n them^- evidence can decide 
Vtanev ^ of fact 

laiitiides"''^'^”? shin-colour in 
l^«go York 

deep. 


Similarly with the pointer dogs. TI 
instinct of pausing a moment at the scci 
of game is found in the wolf and is n< 
uncommonly seen in many breeds of dog 
some individuals showing it more marked] 
than others. By breeding in each generatio 
from those animals in which the trait W 2 
best developed, man could as easily ha\ 
built up the breed of pointers by selectio 
of suitable variations as he did the bree 
of bulldogs or pouter pigeons. 

An idea first developed in detail b 
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full 

necessary to keep the 


199- 'Distortion practised by African tribes: tk 
women of the Mangbetu {north-eastern Belgian Congo 
empress their heafb into an elegant pointed shape 
Though these practices {Figs, igS and have gone oi 
for generations y the children are bom normdl, 

{From “ La Croisiire JVbw,” fy G. M, Haardt and L, Audouin 
Dubreml, Andri Citroin, Paris,) 

Professor Mark Baldwin must not be over 
looked. He pointed out that individua 
modifications, though not inherited, migh 
co-operate with inherited mutation^ ii 
helping the course of evolution. Suppose 
that the conditions of an organism^ 
arc changed, whether through a change ii 
outer conditions such as climate, or» h 
animab, to a mutation in instmet^ 
the creature to new modes of mdng* Th 
new conditions modify the structui^ ^ ih 
organism in each fsenerathnu so th^ j 



Figs. 200-201. One of the hairiest and the least hairy 
of land mammals — the shaggy musk-ox of the arctic, and 
the sand-rat Helerocephalus [about five inches long), which 
burrows in the hot sar^d of African deserts. 

The one has abundant hair even when brought into warm climates^ 
the other is always almost hairless. 


But if a muta- 
tion crops up 

which alters Figs. 200-20 1 . One of th 
structure in the of land mammals — the shag 
same direction, the sand-rat Helerocephalus 
this will be burrows in the hot Si 

selected — the Xhe one has abundant hair even 
S h e e p m i g h t the other is alwa 

mutate so as to 

produce still longer hair under the same 
degree of cold, and this would adapt it still 
better to the new conditions. Modifications 
will often enable the species to hang on, so 
to speak, until the right mutation turns up. 

Let us consider in more detail what 
happens in the case of heavily furred animals. 
There is a direct individual relationship 
between temperature and thickness of coat. 
It is no good establishing fox-farms in too 
mild a climate ; the fur is short and sparse, 
the pelts of little value. Now exposure of 
most mammals to warm conditions, while 
it brings about an increase in thickness 
of the outer skin or epidermis, diminbhes 
the length of the hairs and abo the thickness 
of the lower layer of the skin, or dermis. 
Cold has the opposite effect — thick dermis 
and luxuriant hair, but thin epidermis. 


hilled with 

hairiest and the least hairy fact that 
y musk-ox of the arctic, and hairs’ 
ibout five inches long), which roots project 
id of African deserts. down into 

vhen brought into warm climates^ dermis. In 
r almost hairless. heat, the bl 

vessels neare 

surface arc opened up to cool the ani 
and so the growing zone of the epider 
just above these capillaries, is more 
nourished. In the cold, the surface v 
are narrowed ; more blood flows in 
lower layers, and the epidermis is ( 
rations viatic the dermis and the hair 
arc richly supplied. 

But besides such differences on 
modifications, there are differences 
heredity. The musk-ox is aM 
everywhere a shaggy beast, wlme me 
buffaloes are always sparse of hair, 
Somaliland ,sa»d-rat Heterocepmii 
breeds of fancy "terriers, It 

The power of modification enable ^ 

mal to penetrate into colder rcg.o»> 

it could o^erwbe tolerate, an 

species h^ to await the necessary 
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fx« i farmer into 

itre air many cases where the apparent 
L -fiiKr cl an acquired character is 
’ 10 a ( infusion of cause with effect, 
“r cxampl' . it is probably true (though 
U isti« dn not appear to have been col- 
d) blacksmiths are on 

Average physically stronger than the 
m of, say, tailors. But is it not likely 
at men who inherit strong constitutions 
^11 be more inclined to become smiths than 
it cross-legged and ply a needle, while 
lilors will be largely recruited from those 
rhose poor physique rules out heavy 

^ A ^somewhat similar example is the sup- 
osed inheritance of the effects of alcoholism, 
n spite of numerous experiments, the matter 
I not yet fully settled. One thing is 
ertain, that some species of animals can be 
Dade dead-drunk day after day and gener- 
tion after generation without showing 
ny deleterious effects whatever on health, 
;iigth of life, fertility, capacity for learning, 
r any other measurable characteristic, 
his is true for mice, rats, and fowls. Indeed, 

1 fowls, the average vigour and weight of 
ke strain were increased by such treatment, 
•call, who made these experiments, suggests 
Dat the effect was really selective, the 
feakei eggs being prevented from developing, 
n guinea-pigs, on the other hand, Stockard 
)u!id that the result of alcoholic treatment 
las, in some strains, distinctly bad, fertility 
eiiig diminished and the percentage of 
tonslrosilics increased. Possibly, alcohol- 


damaged germs arc killed in fowls, but just 
puli through in guinea-pigs. 

For practical purposes what we want to 
know IS whether man in his reactions to 
alcohol is more like a fowl or a guinea-pig. 
So far as the statistical evidence of Karl 
Pearson goes, he is more fowl-like — at least 
there is no evidence of inherited alcoholic 
degeneration in drunken stocks. The fre- 
quent occurrence of epilepsy, criminal ten- 
dencies, feeble-mindcdncss, and other un- 
desirable traits in the same families where 
alcoholism is prevalent seems certainly to 
be not so much an effect of alcoholism as a 
cause. The unbalanced and the weak- 
minded take to drink more readily and under 
less provocation of outer circumstances than 
do men and women of better stock. The 
drunkards begin from a bad strain. There 
are two ends to this stick, and the end which 
it seemed simpler and more natural to grasp 
may well be the wrong one. 

One more example of the sort of trap 
that awaits the incautious adventurer in this 
field. Man is unique among living things 
in possessing language and a method of 
transmitting the results of experience from 
one generation to the next. The handing on 
of tradition, in the widest sense of the word, 
from father to son may be looked on as a 
special method of inheritance, which in 
many ways stimulates the inheritance of 
acquired characters, for by its means a son 
may inherit his father’s opinions, or his 
refinements, or his special techniques. More- 
over, the human child is very plastic and 
subtly absorptive, so that it is often difficult 
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to discfinunatc between this sort of trans-i 
mission and true inheritance through 
germ-plasm* The sons of a blacksmith 
make better blacksmiths than the sons of a 
tailor. Is this because of inherited muscu- 
larity or because they were brought up in a 
smithy ? — because of their gcrm-inhentance 
or because of their tradition-inheritance ? 
Here then is another source of confusion, 
one of the many muddy sources from which 
the idea of inheritance of acquired characters 
draws refreshment. 

We see that indubitable proof of the 
inheritance of acquired characters is unob- 
tainable from mere observation of the animals 
and plants and human beings that live their 
lives and propagate themselves around us. 
Always there is the possibility of error. 
The world is so complicated a place that 
other influences may always have been at 
work. 

It is, of course, possible that experimental 
evidence of such a mode of inheritance could 
be obtained. In animals or plants under 
domestication the circumstances can be 
controlled and simplified, and the possibility 
of such rival influence as selection, for 
example, can be removed. A number of 
experimental researches have indeed been 
made, which seem at first sight to give 
evidence in favour of Lamarckism, but not 
one of them is in any sense final. Many 
of tliem, when repeated by other investi- 
gators, have failed to give the original results. 
Many others have given negative results 
from the outset. We will not trouble the 
reader with a catalogue of these experiments. 
Not one but has some possible alternative 
explanation, some little slip that invalidates 
its testimony. 

So that the reader, in this disputed matter 
of the inheritance of acquired characters, 
is free to choose which side he pleases. He 
can believe in it if it suits his philosophy. 
But he has to admit that it is at present quite 
impossible to see how such a mode of 
inheritance could work. There is certainly 
no inescapable argument in its favour. 
A large majority of contemporary biologists 
rejects the inheritance of acquired character- 
istics because it is a totally unnecessary 
hypothesis. They do not find it explains 
anything that variations due to mutation, 
whose occurrence is known and proven, 
cannot explain equally well. 

This is perhaps best for humanity. It 
' would doubtless be very desirable if the 
benefits of healthy upbringing, good educa- 
tion, and mellow experience could be entailed 
upon our descendants. But if they could 
360 
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must be confessed that over tl,, ,r? 
of history, Ac bad has outweinhodT’' 
m the conditions under which mo« 
beings have had to live. Dhcil j 
^cessiye toil, slums, semi-starvation 
ting with gross cxccss-the madiincrvl^ 
germ-plasm is mercifully such that ^ ■ 
rests upon us through the inherit! 
these degradations. ""‘«Hance , 

§ 5 

Artifidaay-induced Muiation 

It should not be inferred from our ref,,, 
to accept _ the inheritance of acou^ 
charaaemum that wc think it imp3 
to modify the wm-plasm from vrithoi 
It IS enorely possible to do tiiat. Mutatiot 
can be produced at will. But the thins 
done by ping straight for the gemt-pl^ 
and tacklm^ that, and not bv won™ 
with the individual body which bears it. 

This work on the production of rnutalioi 
is a product of the last few years. Unt 
very recently no way of deliberately alterh 
the germ-plasm was known. It seemed th 
the mutations were like the transformatioi 
of radio-active elements— something trii 
spontaneous, in the sense of being determint 
from within, not to be influenced in the 
rate of occurrence by any treatment whi( 
could be devised. But during the last fe 
years wc have at last received proof that th 
is not the case, and with thi.s proof a n( 
and vitally important field of research 
opened up — the investigation of how | 
control the variation of animals and | 
not by the tedious and indirect methods! 
selection, but directly and immediately. I 

The most spectacular success is that} 
H. J. Muller, of the Univenity of Tex 
who chose the fhiit-fly for his experimej 
because its genetic constitution is alter 
so well worked out. Briefly, his metfl 
was to bouibard the fly with ^ « 

employed pretty heavy doses, enougaj 
inmicc a sUght degree of sterdity m tie 
and he found that some wave-leng 
better than others. By this 
ceeded in altering the genn-plasm 
There was n<|. meet on the flies ^ 
exj)0scd to m X-rays, but among^ 
oropring mutiitipns turned u]^ 
by the hundred. He got fbes 
eyes instead ^ 
unusuiifl)f,yin^ 



bristles instead' of 

1 of oibiT Strange forms, and the 
' \ in \rr ^cnes was permanent, for 
varit ii bred true after Mendd^s 
' ' them were dominant and 


sorts 
'ation 
new 
Some 
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recessivr. Some were altogether new ; 

ifirniical with mutations that 
already ninicd up spontaneously in 
vated fruit -dy cultures. To put it 
ely the un-plasm had been thor- 
lly shaken “i'- . 

bis line of ^^urk is being extended to 
kinds ol living things, and positive 
have already been obtained with 

exciting spet illation, based on Muller’s 
is that some at least of the natural 
ition which is <dways in progress may 
f due to X-i ays. For X-rays do occur 
^ radiaiK'e tliat falls on our earth, 
they aie viry scarce ; but then the 
lions of uild tilings arc much rarer 
the artifidcdly produced mutations of 
sr's Hies And the two variables 
jly cancel out, so that the suggestion 
[itircly plausible. A disturbing idea, 
life lias «*v()lv(‘il and is still evolving 
the spin ol those strange rays, shot 
y into oin world from unknown 
rs of the uiiu'eise ! 


§ 6 

Mol Its and Smoke 

ides X-iavs, it stems that chemical 
ires ran produce mutations. An 
stiiif^ exaniplo of this was found a 
years au() by Heslop Harrison, an 
wi biologist. It concerns tlie black 
aehimc xaiieties of moths that are 
inall\ tound wild. 

recorded 

IcaLmbr'-'^ betularia 

H '•"b'land. and for yca,^ 

were I; rare. Col- 

tial, T"' “ unlikely that 

>leo ,s "r' '‘PPrared much Lforc 
Wy loD „ rarity 

mitil i',, ,f ^“dually became 
i'was i f .“y Of this 

the iioniV^I districts more abund- 
’"'“•5 in ind'i' '^kerc it was 
in III,. 'f '•eglons and near 
'“"■f .sp,T„.s"“"f remained 
‘Wsaii, (;, 1 T jooA in similar 
® liL 'll ! ootil to-day 

found ^ 

■ ‘ound of dark type 


with thm t^ginal white or broWn 

St 2 ? ‘ amazingly rapid. 

Du^m, for instance, ProfiSor 
Hwnson records that the moth TpHpeies 

^htT^ r®® from the noranal 

whi^e^h “ bee/ A 

While by 1910 the onginal li^ht tvne 

than m Britain, melanic moths began 
to appear m other countries, but always in 
arcM where mdmtrialism had reachS a 

Ge^ma .^te now known from 

Germany, France, Belgium, and the United 
Stotes. Moreover, wherever the breeding 
r®® i'^‘=",‘“ted, the two fonm 

an^to domin- 

ant to light. No help in escaping the notice 

be conferred upon these 
moths by their dark colour ; it b not a 
protective variation. 

Now all green things in industrial districts 
are coated with a grime that is rich in 
poisonous metallic salts. It occurred to 
Harnson, struck by the coincidence between 
the distnbution of black moths and of 
industnal smoke, that this might be the 
^use of the change. Accordingly he made 
the caterpillars of various moths eat tiny 
quantities of heavy metals, especially lead 
and manganese, with their food. His 
suspicion was justified ; in the metal-fed 
cultures a few mutants with black wings 
appeared. Moreover, the colour, once it 
had been produced, bred, true even with- 
out further metal-feeding. The chemical 
agencies had induced permanent changes in 
the germ-plasm. 

Here, then, we have proof that environ- 
mental factors. X-rays or chemical sub- 
stances, can actually induce mutation in 
animals. This must be distinguished very 
cl^rly from the Lamarckian method of 
iniientancc that we discussed in the last 
section. The Lamarckian method was 
direcUy adaptive ; the individual responds 
m a favourable way to some factor in its 
su^oundings and the response is suppos^ 
to w inherited. But in these actually proven 
nwthews of modification there is no direct 
adaptive response. The experimental agents 
simply the germ-plasm about, so to 

speak. They produce random mutadom, 
not adaptive responses. 

A^d, indeed, mutadon seems in genial 
to be a pcrfccUy random process. There is 
no cvid^cc 01 adapdve striving ot set 
purpose in the way new varieties turn up. 
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THE sCiENtE; ;c!iapter 


The race varies in all directions at random, 
in a manner as casual and a^^rendy 
purposeless as the desultory X-ray oo"®barf- 
ment that may be the variations caus . 
Out of these random, pu^oseless fopmgs ol 

the race Evolution builds. But how? To 

that question we shall very shortly turn. 

§ 7 

The Significance of Sex 

But here we can at last tackle a problem 
that presented itself in the first chapter of 
this Book and has been running like the 
counter-subject of a fugue beneath our 
argument. What is the advantage of sex- 
We saw that reproduction is primarily a 
sexless thing ; that living creatures can 

proliferate aL multiply actively without sex 
^e origin and purpose of conjugation (ot 
which sen is a special case) are still mysterious. 

Sex intrudes, an essentially anti-rcpro- 
ductive process, and forces itself on the lile- 
cycle ; it entangles itself more and more 
closely with reproduction until in ourselves 
the MO are inseparable. In the single- 
celled protozoa, two individuals sometimes 
come together and blend into one. But 
this conjugation is not essenual in 
forms. It happens occasionally, but it 
appears from the results of experiment that 
strains can be kept going indefinitely, 
proliferating sexlessly without conjugation 
, Tn ourselvc! 


shortly see. Natural Sek-rtion x, 
Selection is like a rifting machine 
mutabons are the raw proposals that 
to it for consideration, rejmion nr • 
cation. 'Undesirable variations ’ are 
out and thrown aride ; suo essful ona 
through and continue in ihc 
of the race. 


germ-pl 

It is dear enough that a race wHl st 
a better chance of evolviiv^r and adan 
itself if it suppli^ plenty of variation 
the mill of selection. The more nume 
and diveree its varieties the better it will 
on. So it pays a species to exert itself 
keep the mill wdl-fed. 

Now for the secret. Imagine two al 
species of plant, each producing mutal 
at about the same rate. One nom 
fertilizes itself, like Johannsen’s beans (G 
ter 3, § I ), so that it tends to sort out into 
lines. The other is regularly cross-ferlil] 
It is obvious enough that the muta 
will be shuffled about and recombine 
the second species. Suppose that two ] 
mutations appear in different indivi 
plants. If they belong to the first sp 
they will always stay apart. If they b( 
to the second they will stand a cham 
being combined together in one of the 
generations, and of meeting any i 
mutations that may be about. If, 
instance, in a given space of time 
species has thrown up ten mutations, 

proliferating sexlessly without conjugavjo.^ {J^Vof'S^Sn* n'e^t^e^^ 

&they are%arefully tended. I" its cr^-*rt 3 ized rival wUl ha. 

this blending of the substance of t nossibility of over a thousand new types 

viduals is made; compulso^ ; S^ofthe recombinations of the ten. ^ 

plants also sex is closely entangled with 
reproduction. But even in these cases there 
are exceptions— there are parthenogenetic 
insects, and there are flowers which ^rmally 
and regularly fertilize themselves. To sum- 
marize the situation, sexual union seems to be 
an eminently desirable thing from the point 
of view of the species, and yet not absolutely 
necessary ; at a pinch, in exceptional cases, 
it is dispensed with. Now why should all 

this be ? . 1 • u 4^ 

We are beginning to see in this chapter 

how living things evolve. They are not 

adaptively moulded by their surroundings. the clue lo^l 

They produce mutations at random ; their organisms 

germ-plasm ^opes about in l^"^nni of ‘"I'd 

makes expenments, trying now this inno- 
vation and now that. And the formative^ 
agent, which acts upon these chance 
mutations and builds out of them the 
gressive changes of evolution, is, as we shall 
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In a woni, sexual union is good in 
and animals alike, 
method of vanauon. . 

muUtions that appear, by combining 

in various ways and i „„ 

to Natural Selection, it 'ends e®c.enc 

speed to the evolutionary proces j^ 

‘sexual union is J g 

of the is a pi 

descent. A us^ niutauon ‘s^ J 

event, not too and int« 

keeps up a continual rowing 

in* of j «• 

treasures can be 
to the best cluVto our: 

Such seems to be becaw 

germ-plasm gropes about in the d^k and 

makes experiments, trying now this inno- reprw that compe's 

that And the formative^ to compel®. 

SiaU shortly to p, 

every advantaf^c. . rand«® 

becaW mutation « a casual 



VARIATION OF SJECIES 


,1 the roll"" 

. is so imr"' 

[the mos' 

,y r.onioS’"'' 

oliferatioii d 1 
,at is 'vl'Y 
^ iiidividui"'' 

jee thcmsciM" 

itual tmioo is 
ictivc act. 

§ 8 

I’lirialions in Plants 

so far wi; 

| ;nic. 

m is 

lan a single gene. . r 

[ if the chromosomes of a number ol 
related plants arc counted they turn 
be simple multiples of each other, 
different kinds of wheat may have 
II, twentv-eight, or forty-two chromo- 
in their body-cells— all multiples of 
Then roses and brambles may 
fourteen, twenty-one, twenty-eight, 
ivc, forty-two, or fifty-six. Bananas 
ave sixteen, twenty-four, thirty-two, 
y-ei< 3 :ht. And similarly with a great 
r of cultivated and wild plants, 
ihenonienon is called “ polyploidy,” 
escnce of multiple chromosome-sets, 
apparently ol' widespread importance 
vegetable world. 

can presume that these races (which 
lly show evident dilTcrences from each 
arose by sudden doubling, trebling, and 
of the chromosomes of the member 
' series w'hich has least. This can 
aginecl as happening in various ways, 
winplc, a dividing cell might go wrong 
ail to pull itself into halves after the 


have dealt only with so-called 
i.e. changes involving a 
Ibit there arc other ways in 
germ-plasm can be modified. 

a})parently something of an 
c result of diet or the impact 
r and the accident can affect 


ual juggling ma^nery of 
ant. It allows the race to 
i of its mutations. That is 
,11 interrupts the nonpal 
.rotozoa every now and then, 
large and elaborately organ- 
like ourselves, which repro- 
comparatively infrequently, 
. niancrled with every repro- 


chromosomes had been split. But we have 
no space to go into the details of polyploidy 
here. 

The fascinating thing about these phenom- 
ena is that sometimes they seem to show us 
species evolving before our eyes. In the 
garden flower Primula sinensis a race suddenly 
sprang into being (during the last hundred 
years) with double the normal number of 
chromosomes. It differs in flower-colour, 
stem-colour, leaf-shape and growth-form from 
the parent variety, and because its chromo- 
some-outfit is so unlike that of its parent 
form they arc almost completely sterile 
together. About one in a thousand attempts 
to cross the two succeed. Such hybrids 
as are obtained are intermediate in type 
between the two parent plants, and are 
even more sterile. Surely, by all the 
accepted definitions of species, a new species 
has sprung into being ? 

Moreover, in this sense one can actually 
make species. If a tomato plant is repeatedly 
cut down always at about the same place, 
its cells begin to go wrong, and often 
doubling of the chromosomes appears. 
If this occurs, then a new kind of stem may 
grow out and produce leaves and flowers, 
the whole being quite different in appearance 
from the original plant from which it is 
growing. And the new variety is sterile 
with the old. 

We must note that this sort of thing does 
not happen in animals, except in very rare 
exceptional cases. Plants have more varied 
methods of evolutionary progress than 
animals, corresponding with their more 
various methods of reproduction. But these 
strange polyploids share with gene-mutations 
their strikingly accidental nature. Both 
turn up, apparently by chance. Both are 
sporadic happenings, and yet they provide 
the raw material for evolutionary progress. 
To the way in which steady, orderly improve- 
ment of the race results from these random 
variations we must now turn our attention. 
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Vseless to the Species. § 5- Isolatton as a Sptce^niaket § 6 . CtossiTm 
P roduce New Species. § 7. Fiwtorw to V^ mi Mxtinciwn. 


The Vindication of Darwinism 

I T must be clear already to the reader, 
after these seven chapters upon individual 
development and the variation of thc^ germ- 
plasm, that, as we foreshadowed in our 
opening section, the broad propositions of 
Darwinism re-emerge from a scrutiny of 
the most exacting sort essentially unchanged. 
Charles Darwin propounded his view— 
which he applied at first only to animals 
and plants and extented later to man— 
that in general the evolution of species was 
due to the Natural Selection of Variations. 
What has three-quarters of a century of 
subsequent criticism done to modify that 
view? We have now scrutinized all the 
main lines of research during that period, 
upon the development of individual characters 
and the details of heredity, and our answer 
is, “ Practically nothing.” Instead of 
“ Variations ” simply, we may prefer to 
write “ Mutations ” or “ Variations of the 
Germ-plasm.” We have already dealt with 
the questions of convulsive mutation and 
the improbability (but not the impossibility) 
of the Lamarckian factor playing any large 
part in the process. We will deal with the 
Elan-vital group of ideas, which does not so 
much combat the fact of Natural Selection as 
ignore or subordinate it, in a subsequent 
chapter. 

Let us be perfectly clear, even at the risk 
of repeating one or two things already said, 
what this phrase “ the struggle for existence ” 
means. The essential fact on which it lays 
stress is that the power of living things to 
multiply is so great that every living species 
is constantly tending to press upon its means 
of subsistence. The daily life of man and 
mouse alike, as we pointed out in our opening 
Book, is primarily a food-hunt. In that 
food-hunt, the less capable, the less well- 
equipped hunters are pushed to the wall. 
Tliey are pushed out of the game, they fail 


and die, and their sort dies with them. 

Every animal and every plant produces 
offspring in such numbers that many must 
die if the numbers of the species are not to 
increase in every generation. The elephant 
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is the Aovfm hiwitT amone 
Darwin cstimattid that an 
produces Only sk young in ninety LJ 
reproductive life. But cvdi so if aU 1 
young survived, a single original pair wj 
in five hundred years become fifteen mil 
Most animals and plants produce their « 
and seeds by the hundreds or thousaS 
and yet their average numbers reia 
steady throughout the generations. T 
can only happen if, out of all the ofispr 
produced by each couple, on the averi 
only two survive to reproduce their ki 
again. All the rest must die -it is a quest 
of the simplest arithmetic. 

The numbers which must normally 
are vividly brought home to us when wc 
a species temporarily released from press 
on its means of subsistence by being impoi 
into a new country where it happens 
thrive. In a few years it fills the wl 
area. 'Fhe Canadian water-weed was ai 
dentally introduced into Imgland in 
middle of the last century. Within 
years it was clogging the waterways i 
holding up canal traffic all over the coun 
I’hc English sparrow is to-day as romi 
and as much of a pest in America as it i 
England, but it filled the United Statej 
saturation point in the geologically neglig 
time of less than a century. j 

The struggle may act at any penoti 
life ; it affects every department of cxistc 
There may be a struggle within the wa 
in most mammals more eggs are te^ 
than there can be young born. Under 
forest tree there is ^ 
seedlings— a struggle for air, f^ g 
nourishment from the soi . 
struggle between dosly .^P ^ 

brown rat when Vert 

exterminated the black ra . 
never-ending struggle a 

eaten : among the eater, to es«^. . 
the eatt^ to secure ' P^L 

is a strujg^ ^ng .ruggk * 

browserTbtit fhat 

seeds for ISde dtecmin. 

■ the 


BirujHsre, ^vive tnt 61 

wder in the 





iggle for »'■''? 


fcrt 


tic 


|DVC 


itm Ul 


-1, H .sU-.^'Slo fo*- 

"i;5’,"lor existence, a* Darwin was 

rful 0 poi"‘ 

vl stru.’iile. It is rarely a ronsaotM 
tiienM- .mtomatic competition, and 
coinpctii"'^ arc automatically crowded 
The f■ast-^u.vving embryo in the womb 
„oi kiiou Hurt it is causing the dwth 
u Ici^-fovoinccl brother-embryo. The 
,v.,s iK.i engaged in conscious war- 
Jth the lirown rat, but it simply 
l,gs vmII .iiid multiplied less rapidly, 
.bird knou^ that it is being beaten down 
ihc ^viiKl oi c aught by the hawk ; but 
true struggle' in Darwin’s sense lies 
■wrni It anil its stronger or swifter con- 
's that weather the Storm and escape 
eaciiiN, and ul this the bird knows nothing, 
if th(' siriiggh' is metaphorical in this 
, its results aie rt'al enough. I'he better- 
ipped tlie worse-equipped die ; 

is 1)0 iiielajihor. 

.’ithnut vaiiation, however, the struggle 
Btltl brai Ilf) ii uii lor life. If all individuals 
specie'' weie exactly alike, then it must 
nieie ((lu stioii oi luck which failed, and 
struggle loi (xistcuce could not alter 
diataeleiisties of the species. Or if they 
' 'cd hut theii differences were ' not 
irited, u xNuiild not matter from the 
utionaiy })oini of view which went under, 
since main ditlerences of an advan- 
!ous (II disacKaulageous sort exist and 
inherited, ilu- struggle for existence acts 
Species lik(‘ a hlter or a .sieve. It 
:ts types of sue ('ess and failure, sets a 
utini on acKaiitageous variations and 
inually renio\cs a large majority of 
lisadvantageous on<‘s, so that the average 
te species nios'cs in the advantageous 
J:Uon. ^ 

> pictuic tills selection, this combined 
1^ ot struggle and variation, at its work, 
“* 80 back in thought to the fir-trees 
oresg each letdng fall its thousands 
scccls. Many hill under their 
ijiany others just outside its 
^ others aic carried farther. Every- 
;;;jhe fou-s, and for some distance 
sppft ground is strewn 

s season. The struggle 

J he re is much purely acci- 
lon ; as ' ' * 


once. 

‘^^esiructi, 


stonv ^ parable, some 

cannot germinate, 
^ y arc choked by other |^lant9« 


'or htt^ ! 

Otsd lb gain a start. Among the horde df 
seedlings some send leave* uO or push roots 
down more slowly ; they wiu invariably lajg 
and be overshadowed and killed out by their 
brothers. Some will have less green (Moro- 
phyll ; some will have leaves less well 
arranged to catch the light. Some will be 
particularly efficient at drawing water and 
salts out of the soil, others at turning the 
raw materials into new substances for growth. 
The net result is that some grow faster than 
others. “ From him that hath not shall be 
taken aw'ay,” and those that are backward 
become still more handicapped as their 
competitors overtop them ; the dispro- 
portion in growth increases and the innate 
vigour of the few finally involves the death 
of the less well-equipped many. There is 
struggle, there is variation — and so there 
is selection. 

We may perhaps quote Darwin himself 
to show' how he envisaged the struggle and 
its results in one of the higher animals. 
“ Let us take the case of a wolf, which preys 
on various animals, securing some by craft, 
some by strength, and some by flectness ; 
and let us suppose that the fleetest prey — 
a deer, for instance — had from any change 
in the country increased in numbers, or 
that other prey had decreased in numbers, 
during that season of the year when the 
wolf was hardest pressed for food. Under 
such circumstances tlie swiftest and slimmest 
w'olves would have the best chance of sur- 
viving and so be preserv^ed or selected — 
provided alw^ays that they retained strength 
to master their prey at this or some other 
period of the year, when they w^cre compelled 
to prey on other animals. I can see no more 
reason to doubt that this would be the result 
than that man should be able to improve 
the flectness of his greyhounds by careful 
and methodical selection, or by that kind 
of unconscious selection which lollows from 
each man trying to keep the best dogs 
without any thought of modifying the 
breed.” 

It was this sifting of variations — the 
automatic preservation of the favourable 
and elimination of the unfavourable— 
which Darwin meant by Natural Selection. 
It would be quite inoperative without 
inherited variations. But given that, it 
explains the process of Evolution vrith a 
completeness approached by no other ex- 
planation. 

: 








Oppoii<aits of Darwinism make a mUf 
difficulty of the correlation of vanauOOs* :^ 
the way in which a change here must corre- 
spond to a change there, if a new proportion 
or feature is to be establish^. If a stag 
is to carry twenty pounds weight of antlers 
on his head, not only must the skull have a 
different construction from that of a hind, 
but the tendons which hold up the 
must be stronger, the muscles more powerful, 
the blood-supply richer, and so on. How 
is it to be imagined, they argue, that all these 
variations came concurrently into being . 
For the antlers would be impossible without 
the rest. 

Our study of development has enablea 
us to see that the difficulty is only apparent. 
The tissues of the body are so responsive 
to the demands made upon them that all 
the needed adjustments are simultaneously 
and automatically called out during indi- 
vidual development by the change in weight. 
The adaptations are made to build them- 
selves anew in each generation ; they are 
not fixed by heredity, and so mutation 
and selection are never called upon to help 
produce them. A vast amount of the detailed 
adjustment of the body is of this sort, 
dependent not on racial adaptation but 
on the functional adaptations of the indi- 
vidual. And the existence of all this 
functional adaptation means that there is^ so 
much less for mutation and natural selection 

to do (Chapter 5, § 3 )- , , , 

Mutation and selection have less to do than 
was originally imagined, because of the way 
growth works. We saw how the male 
fiddler-crab’s claw enlarges more rapidly 
than the rest of his anatomy, and how this 
is due to the presence of what we may call 
a growth-centre near the tip of the claw, 
a region where growth is most intense, and 
from which it fades gradually down to the 
normal as we pass down the claw towards 
the body (Fig. 188). Wherever a part 
is to grow smaller or larger than usual, it 
seems that a whole region is affected in this 
way, with growth grading down in this 
orderly way from a local growth-centre. 
Thus to enlarge the proportionate claw-size 
of the race of fiddler-crabs it is not necessary 
that mutations should crop up to affect 
each of its joints separately. One mutation 
affecting the intensity of growth in its 
growth-centre is all that is wanted. Again, 
as D’Arcy Thompson has pointed out in his 
Growth and Form, to make a sun-fish out of a 
more normal-shaped relative like Diodon, 
it is not in the least necessary that each part 
of the b^y should be separately moulded 
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P'H after, 

near ‘ 
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about the bu& changes, anSl 
need only poli*, $0 to speak 
detail. Thus a mere change in 
of growth in one region or in 
can wholly transform an animal 
of such differences to alter the 
org^ism can be personally studied i 
looking at one’s reflection in a set of J 
torting mirrors. Extreme distortion ..r 
one into another sort of creature. But Z 
convexities and concavities only alter t 
type. It is surprising to sec an oval-fao 
man transformed by a broadening min 
into a passable likeness of Mr. Winst 
Churchill, while a lengthening one mal 
him look quite like Lord Birkenhead. 

Here we prop^ to study the process 
selection itself in its chief modes and variet 
of action. Natural Selection, as we ha 
said, is a fact in the process of evolutional 
not a theory. It is not in itself the cc 
of anything whatever. Professor Fairfii 
Osborn, in a recent enumeration of the facti 
in the evolutionary process, set it aside fre 
the others as “ non-energetic,” an excclk 
distinction. The others, the various cau 
of variation, were “ energetic,” but Natui 
Selection was simply a passive stop or rd« 
of whai the others had produced. A 
that is the essential conception of its acti( 
It is a filter ; it is a sieve ; it is a balar 
to reject or accept. Either a variation in I 
germ-plasm qu^ifies for success or survh 
or it disqualifies. The disqualification ol 
variation may be absolute — as when t 
recessive lethsd genes get together to kill 
yellow mouse in the uterus — or relatr 
when there is merely a disadvantage tl 
enfeebles the new type, puts it at a di^ 
vantage, or prevents it breeding as irq 
as the species in general. The advantagt 
a variation, on the other hand, is 
relative. It gives the individual an m 
life and fuller opportunities of distnbui 
the new advantageous gene. 

We lay this much stress on this tact 
selection is selection and not pr 
not because wc lack any 
readers’ intelUgence, but beca^ , 
cxbts a voluminous foolish i r 

controversy in SelectioHi 

have taught that Natural , , 

Heaven knowt 'vhat he 

produced variations. Th 

trounced, disposed ewi 

effigy and generally • (-ontro' 

Some victim of such mepbme 



u,„ce to l-reathe the.'js^»: ,, 

‘'fnd for loni it u that 

,K and < qrlain to him that A taeam 
•’"““t X V Z. All about us and at 

'inment’N.iiural Selection is ^ng on. 

^ not mov.- quickly enough to avoid 
Hecatches a ^^iimpseof Mr. Evcrymou^, 
Us not smart enough to keep out of his 
and he decides to put down a trap, 
trokes his cat, which is neither clever 
jatient cnou.i,di to get Mr. Everymouse, 
focs out into the street, so preoccupied 
the painful (juestion whether he will 
his cat or send it to the chemist, that 
nearly knocked down by an auto- 
le he has failed to observe. He 
bles back clumsily, bruises his hand 
ist a wall, and is invaded by some 
ads of bacteria of a devitalizing and 
crous type. Will his white corpuscles 
icir duty ? 

living individuals are being thus 
I in every moment of their lives by 
trials that may or may not put them 
among the ‘‘ rejects ” of life. With 
mouse, cat, or bacterium goes so much 
^ctive germ-plasm, to pull through or 
wiped off for ever from the possibility 
jrthcr dcvclopmciitj according to their 
ridual reactions. 


Natural Selection as a Conservative 
Force 

iiitcapt to speak and write of Uie factors 
e evolutionary process as though they 
Qriving us on to incessant fresh dcvelop- 
5) new things and strange things, but 
ts by no means always the case. The 
3 of Natural Selection is probably on 
conservative, except during periods 
dJ meteorological 

logical environment. It has no bias 

■ping things in their places. 
wZ it to a filter. But 

tcclim i, "‘Z’- u filter. And 

bn is variation is guided by 

environment. 
*ng Cn will be 

thesis wfll iri ittfltiencc. 

Stlectirm ' ** ^fc, 

*'‘*“'5 th it rT* pruning 

in any 

^<ent „bv 

t'«luceinci,ts " ^ change ; and it may 

^ resp>onsivc change. 


'i^eedve! policy}; 
/ ^iiid SeltMJ^tiosi in luch a changitig 

aJVTOnm^t bcconac# a radical influened 
m the politics of life. It is now all for new 
ideas. 

A good instance of Natural Selection as a 
conservative force is supplied by the common 
sparrow. The English sparrow, as proved 
by its rapid spread over the world, is a 
species excellently adapted for ordinary 
all-round activities. After a severe storm 
in the United States a number of sparrows 
were found in distress, beaten down to the 
ground. They were taken indoors and 
tended ; some revived, some died. Measure- 
ments showed that those which died com- 
prised fewer specimens with wings of average 
length and more with wings unusually long 
or unusually short. Selection by storms 
was evidently preserving the central type. 

We have further the remarkable fact 
that no measurable differences, whether in 
size, proportion, or plumage, can be found 
between the sparrows of Britain and those 
of various localities of the United States, 
where the bird is an alien intruder, and this 
although many of the environments which 
it has colonized (such as parts of the 
American desert) are different from anything 
to be found in its original home. This is 
indirect evidence of selection keeping a well- 
balanced type stable. 

To jump from birds to molluscs, snails 
preserve a record of their growth in the inner 
whorls of their shell. When measurements 
of proportions were made on the inner 
whorls of a number of adult land-snails, 
and compared with the proportions of young 
snails of size corresponding to their inner 
whorls, it was found that the young snails 
had a greater range of variation. The old 
snails represented the shots on the central 
part of the target ; the fringe of scattering 
shots had been eliminated. Natural Selection 
was refusing the novelties. 

And just as Selection the Radical seems 
capable of guiding variation along paths of 
far-reaching change, as in the stock of horse 
or elephant, so it appears that Selection the 
Tory may keep oi^anbms in a state of 
evolutionary immobility over awe-inspiring 
periods of time. The classic example is 
Lingula, a mud-burrowing lamp-shell. 
Examples of this identical genus, differing 
only in trivial details from living species, 
flourished in the Cambrian (III A) seas, 
five hundred million years ago. We do not 
know the length of a generation in lingula : 
ten years is certainly well over the mark, 
but even this would give us fifty million 
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generations of stability— fifty million genera- 
tions during which all essential changes, 
in the constitutions and habits of the creamre 
have been prevented. It is, of course, possible 
that the absence of change is here due to the 
failure of variations to occur rather than to 
the success of Natwal Selection in keeping 
them pruned down. We can only say that 
mutations have been found in every organ- 
ism in which they have been carefully 
looked for, and that their total absence in 
this or any other case is unlikely. 

The pruning effect of selection is also 
exerted in another way. Whether change 
or stability is being encouraged, the organ- 
ism must be kept up to the mark. Wherever 
mutations have been studied, many of them 
are found to be deleterious. Mutations 
are random changes, and random changes 
in such complex machinciy as that of life 
will often inevitably be changes for the 
worse. Natural Selection will alway's be 
occupied in ousting these from the germ- 
plasm of the species. Drosophila keeps on 
throwing mutations with striking effects ; 
often the same one is repeated again and 
again, yet they are scarcely ever found in 
Nature — the reduced vigour wliich they 
entail leads to their automatic elimination. 
They fail at the Natural Selection entrance 
tests. 

Per contra^ tlie absence of selection will 
allow types to persist and spread which 
normally are kept down to a minimum. 
Black rabbits (wbose black colour is due to 
a single recessive mutation) are hot un- 
common as a natural “ sport.’* In most 
places but few are found. They arrest the 
gunner’s interest, and are easier marks ; as 
a result their numbers are kept down to a 
low level. But in some parks in England 
where no shooting is allowed, black rabbits 
are unusually numerous. Since the larger 
birds and beasts of prey have been extermin- 
ated in England, the gun is the main agent 
of selection ; and this is here absent. Again, 
the imported rabbits which were turned out 
or escaped in New Zealand were of all 
possible coat-colours ; and these survive 
in the large wild warrens which they have 
established, giving them a strange appear- 
ance. New 2^2dand possesses no land 
TTiarnmala to prey upon rabbits, and very few 
enemies of any other type. |labbits arc killed 
off as vermin by poison and other wholesale 
methods. It is safe to prophesy that if such 
a parti-coloured population were turned 
out in Europe, the percentage of gtey» 
in it would rapidly increase ; it is the absence 
of any selective need for a coat eff inidj# 
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in nW >Testopc 

On the Galapagos islands the ir 
so Beebe assures us, can tedi with.?? 
trouble which birds arc resident and^^ 
are migrants ; the migrants are all 
as arc the run of birds in inhabited?.,.^, 
while the residents have no fear of” 
If the migrants had no fear of man ' 
would (alas for human nature !] havebi, 
terminated in the inhabited countries w 
they pass the rest of their life ; but on 
uninhabited Callages there has been 
such selection. Thus favourable and 
favourable arc often relative terms. Wh 
favourable enough on a de.sf‘rt island wi 
not pass muster elsewhere. 

The preservation of unfavoural 
varieties is seen most obviously in dom 
animals and plants. It tickles our fj 
to conserve hairless lapdogs and po 
pigeons, albino rabbits, and double-tj 
goldfish ; it pays us to breed imposi 
large bulls and pigs that can scarcely wad 
it delights us to have double flowers i 
though they be sterile. We alter the i 
dence of selection, we pet what the nal 
process destroys, and thes(‘ types, w 
could not for a generation hold their 
in nature, arc made to abound and mult 

As an illuminating example of the wa 
which mutation and selection co-opei 
we mj^ consider water-birds’ feet ( 
202). The Dipper is a water-bird, but' 
no special adaptations of structure to aqi 
life. It is kept a water-bird by its instil 
However, if a mutation for webbing 
lobing of the toes were to appear in 
Dipper stock, it is difficult to believe 
it would not be fixed ihm- by sM 
This indeed seems to have happened an 
the wading birds {Limiaile). Most oil 
can swim, though without a trace of w 
feet ; and this faculty must ^ 
well in getting across deep c 
securing a tit-Wt otherwise out 
The ^laropcs are birds of thu ^ 
but in them broad_ lobes arc d ^ 
the toes, nuiking it ® Jjj in 
swim much more ^pea a 

to pass whdie months on , ^ 

In them, die needtrf repea 

Up. Indigent webbing f . ^esde 
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" uVc ds are alwaya up 

niiig to swamp the culfawted 
s as wdl as somctuncs 

creation of new types of 
, is for ever busy with the 
U nsk of weeding. But Acre are 
t \ ,md c.irdeners; some have not 
E 'o ™ksv for wocdiog of . p™. 

!i siaiiilaKl ; others may even prefer 
miv ttoMlcn. Thus dropping our 
L r shclined conditions often allow 
cl to iH-rsist which more rigorous 
t'«oiil<l eliminate. It is_cominonly 
Id that this applies parttculaxly to 
io„ hornliiN- Modf™ civillzaUon is 
,0 be li<4luciiing the seventy of the 
Kuve process upon our race. It is also 
Inaitlv heUoved Ity the same people- 
Tusually at ciill'crcnt hours of the day— 
nicdrrti < n ili/..ition is more exacting 
nerves and health than any previous 

of society. 

§ 3 

Srh;lwn Under Changing 

( 'onditwns 

it now piissin^ Irtiin the consideration of 
pi Soloftioii as a specics-conscrving 
|spccios-r(‘^iiliiiiiii^ influence, let us look 
in opcicition as a fosterer of variations 
iOds adaptiiii> .species to new conditions, 
is a case we (juotc from J. B. S. Hal- 
's adniinilile J\usible Worlds: 
he assn 1 If m is still sometimes made 
10 one hfi.s cvci seen Natural Selection 
irk in the pHidiiction of new characters. 

f icrefore peiii.ips worth giving in some 
a case recemly described by Harrison. 

1 18 ()() a lan^(> wood in the Cleveland 
of yorksliiie containing pine and 
Was divided into tw'o by a stretch 
rii. In 1885 the pines in one division 
Maced by hireli(*s, while in the other 
Trehes were almost entirely ousted by 
In corncquence the moth Oporabia 
r which inhabits both woods, has 
paced in iwy different environments. 
P woods a linht and a dark variety 
in the pme wood over nincty-six 
• dark, in the birch wood only 
L' * *'>s is not due to the 
linp.l "1 ‘ ''''vironment, for the 
li became no lighter 

‘'‘‘f'Tpillars on birch-treat 

be durkeried by placing thb 

wri'- ^ ^ 

discovered on 


die wings moths found lying about in 
the pine wood, whose owners had been eaten 
by owls, bats, and night-jars, Although 
there were more than twenty-five dark living 
moths to each light one, a majority of the 
wings found were light-coloured. The 
whiter moths, which show up against the 
dark pines, are being exterminate, and in 
a few more years Natural Selection will have 
done its work and the pine wood will be 
inhabited entirely by dark-coloured insects.” 

There is a simple and pretty instance of 
the role of Natural Selection in bringing 
about adaptation. Another, equally simple, 
is known from agricultural practice. Vanous 
strains of cereals imported into Scandinavia, 
in the course of a few years changed their 
flowering and seeding period in adaptation 
to the shorter summers of their new home. 
This was for long supposed to be due to 
an inheritance of acquired characters. But 
careful experiment at the famous research 
station of Svalot showed that it was a simple 
effect of selection. As wheat is normally 
self-fertilizing, a wheat-field consis^ of a 
mixture of pure lines. I’he important seeds 
belonged to a number of pure lines differing 
in the rapidity of their maturing. The 
rigorous selection of their new northern 
environment weeded out all save the most 
rapidly maturing, and so the average of 
the stock was changed. There is here no 
actual record of new mutation in the same 
direction ; but any that occurred would 
have been seized upon by selection and fixed. 

Of course, these are smaJl changes, but 
then, if we arc to produce larger ones we 
must cither alter the time-dimension of our 
experiments and observations or do some- 
thing to accelerate the process. We cannot, 
unless wc go back to Metliusclah and a 
long way beyond, produce any current 
instance to set beside the long-continued, 
steadfast evolution of the horse. But evi- 
dently that evolution went on by steps, each 
individually as slight as these; two. Nature 
is leisurely and works with a vast profusion 
of material. We can, however, work faster 
than ^ can, by cutting; out all Ac futile 
trials and vain repetitions in wnich she 
indulges. Let us, for instance, put Ac 
biological experimentalist, Prerfessor Castle 
of IJfiurvard, in Ac place Nature, and 
Castle*s sclcction^in Ac place of Ac )oo8& 
wide, hit-and-miss of Natural Selection, iwswi 
let us sec what can happen to certain rats- 

Castle worked wiA piebald hooded *^ 
tats. The standard type of Als breedt^naii, 
bladt aiul fore-quarterst a 
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is white. This pattern is fairly varkWe, 
and Casdc used it as maten^ *? • 
what effect could be 
selection for more or for less black 
lot he bred only from those 
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Fig, 203. How selection may gradually change a race. 

Above, the range of variation in the ordinary hooded variety qf rats. TJu 

ItUctivt brudmgfor sixUen ««ra<iow, chniing always ^ 

is shown otrtht left. The effect of selecting black is ^ 

sixteen generations the averages of the two strains are 

strain. Inset, above, the average ar^ extrenus of tM black > "J, 

of two are also drawn. The darkest h^ only a Z ^y 

throat. Below, the average and extremes of the whsU strmn. The l^^st ha My 

small spoU of black on the head. {Diagram constructed from Prof. Castle’s tables.) 

black ; in another, only fronni those with 
most white. The results were striking: 
selection achieved types far beyond the 
range of variation normally found in the 
piebald strain. Selection tor more black 
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3own on either side. MeLwhiK 
for more white in other rats from thr 
original stock had reduced die hood t 
mere smudge on ther 
and ears, and remo 

wety trace of black f, 

the body (Fig. 203), 
At first sight tl 
nsulte appear to con 
diet Johanssen’s pure- 
results on beans, am 
imply (as Weismann; 
the NeO“I3arwinians i 
tulated) that selec 
could ^ stimulate ] 
variations to come 
being ; and so, ind 
they were at first 
terpreted. But \v 
Johanssen’s bean-strj 
being naturally s 
fertilized, were pure 1 
from the start, the hoc 
rats, being promisci 
breeders, were not. 
germ-plasms of the b 
were like so many s 
pies of chemically ] 
substances ; those ol 
rats like a numbe; 
chemical substances 
ing constantly stirred 
mixed together. 

The results were, 
matter of fact, mi 
due to new rccoml 
tions of already exii 
factors. The hot 

pattern, whether exaj 

ated or reduced, al’ 
behaves as a sii 
recessive to J 

the degree of hooded 
or, in other words, 
amount of bb* 
affected by quite a 
ber of what we may 
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,|.,k h.'otled rat a large number of 
L H,-rs of iIh- black patches are present, 
„ Ii. the ordinary nxixcd stock it 
[,®“ unlikely that all the plus or all 
f minus niodifiers will ever become 
ibled in 'nc individual as the result 


'Vince matin^^ Selective breeding, how- 
\vill sifi the random heap ; selection 
will accumulate more and 
plus modifiers, the black- 


r: 


more 

rp of thf 


enders, in the germ-plasm ; and vice 
sa Once ihc combination of all the 
s modifiers has been thus brought into 
ncr, a pure line has been produced and 
iction will li.ive no further effect, unless 
germ-plasm itself changes by mutation, 
lut cliang(‘s in the germ-plasm can and 
occur. In the early stages of such an 
criment, while the stock is still very 
;ed, it will be impossible to distinguish 
effects of a mutation from those of a 
ter combination of previously existing 
dificrs, so that many mutations may pass 
loticcd. But once approximately pure 
5 have been established, the appearance 
new gene-changes can be spotted ; and 
this way at least two mutations which 
dify the liooclf‘d pattern have been 
itilied by Castle. One of these wtis in 
same direction as the selection that was 
ig on ; selection in this line was being 
iefni more black, and the new mutation 
I a black-extender. It was incorporated 
selection in the germ-plasm of this line ; 
thus the range of variation was still 
her enlarged in the black direction, 
xactly the same sort of thing happens 
Mature, only on a grander, looser scale 
over vastly longer periods, Castle’s 
K teaches us two vital facts. First, 
in a cross-bred stock can bring 
the recombination of existing genes, 
i»o cause the stock to overstep iu old 
even though 
ction\ ^ selection in a given 

ation/ 1 automatic trap for all 

^lons whose cfTccts arc in the same 

ch it continue for a long 

viUrs 7 plenty of these 

constimr wholly alter the 

taring tu mutations go on 

wrought change that can 

In a word, it 

the 

shows. fossil 

alterations, 
over the generations, 


ever give rise to the broad and striking 
changes of large-scale evolution. They forget 
the extreme slowness of the change revealed 
whenever we trace Evolution in action. 
Only because palaeontologists are thinking 
on a different scale of time from ordinary 
mortals can they speak of bursts of rapid 
evolution and the like. During such periods 
change may be faster than at other times ; 
but judged by our ordinary standards it is 
still of an appalling slowness. The Ccnozoic 
Period (V) from its beginning to the Pliocene 
(V D) was a period of remarkably “ rapid ” 
evolution among the mammals. But, all 
the same, it took about forty million years 
to make a horse out of an Eohippus ; and 
yet the changes involved, important though 
they arc, are changes of detail, not of 
essential plan, such as were needed to 
transform reptile to mammal, or fish to 
amphibian. 

Suppose that we take the average age 
at reproduction of the horse and its ancestors 
to be five years (which is a generous csti- 
niate), we have, in this forty million years 
of change, a procession of some eight million 
generations. During the whole period the 
horse-stock passed through eleven stages 
deemed worthy of generic rank. It changed 
Us genus ten times ; so that we can broadly 
say that it takes 800,000 generations for a 
new genus to evolve. 

It is more difficult to calculate, even in 
this crude fashion, the time needed for 
specific change ; but if we give the central 
line of each genus-stage eight minor stages 
worthy of ranking as species, we have 
again probably been generous : yet even 
this would leave 100,000 generations for 
the evolution of each new species. If we 
reflect that in the most extensive experi- 
ments on selection the limit as yet attained 
is about a hundred generations, and that 
even with Drosophila it would need three 
thousand years to run an experiment 
covering 100,000 generations, we may beg^n 
to feel that to demand “ new species in our 
time ” is an impertinence in face of Nature’s 
lengthy patience. If Homer had been a 
biologist instead of a poet, and had begun 
a selection experiment with the aim of 
artificially creating a new species of Droso- 
phila, and if the experiment had been 
carefully continued ever since, wc should 
now be just nearing the moment when wc 
could expect a result. Let us hope that 
three thousand years hence our descendants 
will not be lamenting our lack of foresight 
in setting experiments of this kind going ; 
for only by means of such long-range work 
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§ 4 


Selection of Characters Useless to 
the Species 

It is often to be noted that some adapta- 
tion is extremely well developed in one 
animal and totally absent in related animals 
living under the same conditions. One 
butterfly exhibits an amazingly close resem- 
blance to its background, while another 
that would seem to stand in equal need of 
such protection is without it altogether. Oue 
flower (like the common spotted orchid) 
possesses elaborate devices for securing 
cross-fertilization ; another (like the bee- 
orchid) modifies the same mechanism to 
ensure self-fertilization. Often, too, the 
adaptation seems more delicate than we 
should imagine necessary. 

From such facts it has not infrequently 
been argued either that apparent adaptations 
are really not adaptations at all, since their 
absence in other species shows them easily 
dispensed with, and, therefore, presumably 
not at all a matter of life or death ; or, on 
the other hand, that though they may 
be useful, selection plays no part in their 
origin, but that some inherent tendency 
to particular adaptations exists in some 
species, but is lacking in others. 

But such arguments are not cogent. 
Take a butterfly as example. The struggle 
for existence is at its hardest during its 
caterpillar and chrysalis stages ; and in 
any case a limit is soon set to the numbers 
of the species by its food-plant ; however 
many eggs may be laid, there is subsistence 
only for a limited number of caterpUlars. 
Thus variations which merely help or hinder 
the survival of the butterfly stage itself can 
have no effect on the future of the race, 
unless they actually prevent all, or almost 
all, the butterflies from reproducing. Even 
if two adults survive where only one sur- 
vived before, and twice as many eggs arc 
successfully laid, no more than the fixed 
maximiun of caterpillars can find food. 
In the same way, a diminution in adult 
numbers, if not too extreme, will be com- 
pensated for by the survival of a greater 
proportion of the caterpillars that hatch ; 
again, if the caterpillars are over-abundant, 
tfcy fall a readier prey to ichneumons and 
other parasites, and vice versa. The cater- 
pillar stage acts as a buffer, taking up all 
minor fluctuations in the numbers of the 
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If a whicii gives 

aes^rs mtmunity iVom att l^ 

makmg them lodk more like a dam 
wasp or % nauseous butterfly a 1 
proportion of these mimics than 0^ 
remainder will survive to rei^roducp 
kind. ^ The caterpillars will be kept tb 
to their maximum numbers, but there^ 
be a greater proportion of those which 41 
the genes for the mimicking resemblaii 
Thus, when the butterfly stage of the n 
generation is reached, there w ill be a grea 
proportion of mimics than in the last, 
so the process will go on, generation al 
generation, until the better mimics hi 
wholly replaced the worse : and it will 
repeated every time that there arises a i 
mutation making for greater resembla 
to the “ model.’’ Yet, as Dr, Nicholsor 
Sydney has pointed out, the species a 
whole will be neither worse nor better 
than before. There has never been 1 
danger of the race going under in 
struggle against parasites or elements, 
in the competition for food with ol 
species ; the struggle has been wholly wil 
the species ; it has concerned the surv 
of one variety in place of another, not 1 
of the species as a whole. 

Something very similar is to be seer 
our human affairs. Shopkeepers can ] 
fectly well make the same proflts by oper 
for eight hours as for twTlve hours-j 
vided that all do the same. But if, w 
eight hours’ opening is the rule, sorne 1 
it into their heads to stay o})cn for nine, 
others must follow suit or lose mone^ 
their rivals. There is, of course, an 
native, which is that there shfjuld ^ 

for a fixed ti 


mutual agreement to open 


The existence of this alternative is a rem 
that comparisons of animal 
affairs, while often illummating, mus 
be pressed too far. For man, w 
affairs based on easily-clwnging 
inst^ of the more sbwly p ■ 
plasm, is able to cut the Gordian 
just such conscious , j-angj 

agreement, which arc outside the 

animal possibility. . „ jn] 

Another human example ^ see 

results of unlimited 'Ss a H 

ments. WlStm one coinpct>i<'r % J 

ship, ff»c othCTS l»u»t do 1 

hap^ ^ "its 

submarine ] lively W 

■ and yet no “ ^eiat 

beginning 



,n«e ofF, since all are' 
thev Something ^ 

m-iv oa-’T in animal*. For ^cxamide, 
t lliant I'lit cumbersome plumes of 
I ^fflous II). lie birds like the peacock 
” l,V;,s,ini must have been developed, 
'“The mil'll" V wc have been discussing, 
Ihnut any Ix'i'cfit accruing to the species 
'll some ways they must actually 


diladvaiiiayeous, since they uOhze a 
Loportionnic share of the energy and 
iterial rfsoinrcs of their possessors, and 
Ike them so much more conspicuous and 
^ agile til It they must incur greater 
irtalhy. I'li''^ advantage simply 

onr male as against another male. 

[f vve like to coin a special term for the 
‘ction whieh can thus transform all the 
iividuals of a species (or of one sex within 
fcccics) without conferring any advantage 
I the species as a whole, wc can call it 
ra-spfc/fir select urn. Darwin showed himself 
ilely aware of one aspect of this process 
fcuced by competition, namely, that 
Iwecn rival males or between rival females, 
|d railed it Sexual Selection. It has given 
the vast si/e and strength of the bull 
Ion and the elephant seal, the mane of 
^ lion (appaieiitly a defensive protection 
Iconflictj, the vast antlers of a stag, and 
“ brilliant pluinairo of birds to which wc 
c just alliJtlecJ. Darwin’s theory of 
[ual Sedection has undergone more 
i^erse criticisin than any other part of his 
rk, hut recent rc.search has largely 
labilitated it. 

There is no v.diclity in the argument that 
nptations of this sort are not really 
iptaiions at all if other species get on 
F happily without them. It is of no 
logical concern to the species whether 
f PJ^f'sent or no ; and yet whenever 
necessary variations turn up, they will 

r automatically preserved by selection, 
ong as such variations arise, they 

^mlv «'<-cted ; until the adap^ 

.. «ay bcronic astonishingly p^t. 

“Adapted tvL 'in 

'ins for r. vanadons 

-L , . 'idaptation have occurred, 
■'tion, once started, from 


,f«^thead;3 . 

na2""f "'1 P®'*‘=Uon ; ’whUe 

sclerted iT “ which the 

Iwtiolc, will ■,,■1,' Ute species 

seem T '•'“■'''e both. 

« wo*;,'' a great deal of 

'curious soi7 "fP''?‘l“oe ^putions 
‘he hi,n, . •“ certain ' 

’species similar iwultt, 


or imtwas 

WOO wish to keep tlieir heads above water* 
out ^ually useless to thO community or the 
world as a whole, will be produced by the 
s^gglc of a purely competitive society, or 
or purely competitive international rcla- 
tions—unless man docs what the animals 
cannot do, and, by deliberate agreement 
and convention, destroys the need for that 
vast amount of merely useless but otherwise 
inevitable competition. 

§5 

Isolation as a Species-maker 

Natural Selection gives a satisfactory 
explanation of all evolution that is advan- 
tageous. But many of the differences be- 
tween closely related creatures do not appear 
to corffer any biological advantage at all. 
How have they come into existence? It 
may be that further discovery will show that 
this is due to our ignorance, and that all 
these characters are really useful in them- 
selves, or necessary accompaniments of 
some useful property. And if so, our second 
problem is only part of the first, and the 
origin of divergence is one and the same 
question as the origin of adaptation. But 
meanwhile we must treat the question on its 
merits. 

In the first place, mere geographical 
certainly helps in the development 
of difference. Many wide-ranging species 
can be divided into geographical races or 
sub-specics, inhabiting different areas. 
When there is no geographical break, one 
sub-species generally fades gradually into 
another across an intermediate zone. This 
is beautifully illustrated by the wrens of 
South America. There is an almost con- 
Unuous wren-population over the continent ; 
the wrcM of different regions differ markedly 
in size, in colour, in pattern, in proportions, 
but the various types grade into each other. 

Here and there, however, an isolated 
patch of wrens is separated fix>m their 
congeners by some barrier, such as a high 
mountain-range, a stretch of sea, or a desert, 
and then we find no transitional forms 
linking them with other races. We can 
if wc like call these groups species and the 
grading divergences sub-species ; but apart 
TOm such verbal quibbling, it is dear that 
isolation has produced sharply marked 

This effect of isolation in helping to bring 
myf types into being is one of the everyday 
facts of systematic biology. It is moat 
obvious where the isolation is most comfdetet > 
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for example in the plant and ^maj 
inhabitants of islands. Both St. Kilda and 
the Shetlands, for instance, h^c a distinct 
sub-species of wren. The puffins of Spits- 
bergen are all a little larger and hav.e beaks 
a good deal bigger than those of the rest 
of Europe ; and we know no adaptive 
meaning in the divergence. . 

In other cases, the divergence that is 
helped and hastened by isolation may be a 
useful one. Wc have, for instance, the 
case of the Florida Deer-mouse, recently 
investigated by Sumner. This animal is 
normally dark grey-brown, blending nicely 
with the colour of the soil. On a little 
island off the coast, all made of snow-white 
sand, exists a sub-species vyhosc colour is 
nearly white — again blending beautifully 
with the background. On the coast oppo- 
site the island a third type is found which is 
intermcdi3te in colour between the other 
two, and this, although it inhabits the same 
white sands as the island race. Selection of 
light variations must have been at work 
both on the island and on the shore ; but 
while the island race is isolated, there will 
be some intercrossing between individuals 
from the interior and from the shore, and 
this will hinder selection at its work. 

In our chapter on geographical distribu- 
tion we spoke of the many animals and 
plants peculiar to the Galapagos islands, 
and how they were related to those of 
South America, the nearest mainland. 
But that was only part of the story. There 
is the further remarkable fact that of the 
archipelago’s land animals and resident 
birds most types are represented by separate 
species on each of the main islands. This is 
notably true of the extraordinary giant 
tortoises ; of the mocking-birds ; and of 
the various genera of peculiar Galapagos 
finches, found nowhere else. It is equally 
true of the plants. As Dar>vin wrote : 
“ We have the truly wonderful fact, that 
in James Island, of the thirty-eight Gala- 
pageian plants found in no other part of 
the world, thirty are exclusively confined 
to this one island ; ” and many genera are 
represented by a single different species on 
each island. 

Chance immigration from the continent, 
followed by new evolution on the archi- 
pelago, would clearly account for the animak 
and plants of the archipelago as a whole. 
But what about the differences between 
the inhabitants of the separate islands — 
differences which become still more remark- 
able when we realize that on the American 
continent single species of similar creatures — 
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mocking birds, for instanct' -have 
extending over hundreds ol miles 
environments provided by the • 
islands are very similar, so that 
most improbable that the conspicuous 
ences between the island-spec ies are ad ^ 


tions to conditions of life. 


It would rafll 

seem that the prevention ol inter- ^ 


■crossil 

variJ 


between the populations of the 
islands has left each stock free to devT 
along its own line, and that each has h 
pened upon a slightly different one. Mu 
tion is a matter of chance, and here 
mutation to which Natural Selection h 
no objection arose, and there another, f 
was easy and adverse forces not very string 
I’his extraordinary blossoming of distil 
species, each on its little island patch 
impressed Darwin that he wrote, tlii 
years later : “ When I visited the Galapaj 
archipelago ... I fancied myself brout 
near to the very act of creation.” 

Equally striking are the snails of i 
Philippine Islands. The Philippines conU 
about 1 1 5,000 square miles of land, divid 
up among thirty large- and rnedium-sis 
islands and over three thousand sin 
ones. In spite of the difficulty which la 
snails find in getting carried overseas, 
Philippines possess over a thousand spei 
of the'^e molluscs. The nearest land a 
in the same latitude is that of French h 
China and Siam. This includes close on 1 
a million square miles, but only six hundi 
kinds of land-snail. The Philippines 
their isolated islands must have been a vi 
table factory for snail-evolution. And 
could multiply examples from every arc 

^^In^fact, the degree of isolation of an isb 
runs closely parallel with the numbe 
types which arc peculiar . 

Bntain’s isolation from the continen 
slight and too recent for many of^ 
to have developed into new ^ 
Red Grouse is its^ only nndoub cd 
the other hand, it does ^fitsh 

of isolation, and as a resu , fi 

show slight but cons tan jj 

their Continental relatives , 
evolved into new sub-specie . 
tailed tit is a famiUar instance, 

another. .ug other hi 

The Canary Wands, m th 

though some are sep® 

miles from iopo fee'.'* 

from it by a , oftheconW 

and have birds I 

And them 

STolved into ttotinct spcccs. 
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, tbi extreme of isolation, let m 
L St Helena, perhaps the most isolated 
the L^lobe, the most insular of all 
wc have already spoken of it in 
k V Aniinals and plants have cither 
failed to reach this water-girt 
iVof hind, or, if they have succeeded, 
ve usually evolved and changed into 

jielhing new. u • i j u t j 

Patches of vvater can be isolated by land 
well as pan hes of land by water ; and 
the lakes of Ireland and Northern Britain 
ere has been a remarkable divergence of 
h belonging to the trout tribe, quite 
;e that of birds on the Galapagos islands, 
larr of various kinds, vendace, gwyniad, 
d pollan -“there are a dozen species of 
c two genera, Sabno and Coregorms, each 
itricted to one or a few lakes, while 
3 se species of the family which go down 
the wide se.i instead of living all their 
5 in an isolaU'd lake range over very 
•gc areas. 

Thus isolation promotes divergence. It 
:ms indeed to promote divergence irre- 
;ciive of any advantage which the diver- 
nce might bring with it. This seems to be 
,e partly to isolation preventing new types 
ing swamped by intercrossing with the 
1, partly to the release of mutational 
•CCS from urgent competitive and des- 
ictivc conditions. Oddities flourish in 
t-of-lhe-way places. The primarily con- 
vaiivc disposition of Natural Selection 
ires the corners. But the advance of 
owlcdge will pro]3ably reveal other agen- 
s at \vork. It is worth noting that however 
:at the variety which isolation brings 
0 ’ciiig, it never seems to promote steady 
^‘ince 01 long-continued specialization, 
^achieve that, stringent selection seems 
DC necessary. 

0 existence by ariother method of isolation. 
tabiicdTh rnany local varieties 

conditif change 

“eS l! inhabitants of 

‘'Paratewh ’.hrirdiff 

America ( r .K 

olT Chin opposite side of the 
markoHlt was found, 

in pronoH ^ *he female, 

colour. Itwa^ 

“■‘ed Of/,L? ^ ^distinct species, 


types formed only the two ends of a con- 
Unuous chain of forms which extended from 
China round the northern Pacific, across 
by the Aleutian islands, and down to 
California. The two ends of the chain arc 
very distinct, but all kinds of intermediates 
occur in the northern Pacific zone. If the 
chain were broken, as it might be for instance 
<ioepening of the sea between America 
and Asia, there would exist two distinct 
with an unbridged gap between them, 
i^d we could equally well have cited such 
chain-types from among other groups, such 
as butterflies and birds. 


Crossing May Produce New Species 

New types can come into being through 
crossing. In the most striking examples, 
the cross at once gives what must be 
called a definite new species. For instance, 
when the two kinds of poppies, Papaoer 
nudicaule and P. striaiocarpuniy were crossed, 
the offspring were quite distinct from either 
parent, were fully fertile and bred true. 
It is as if the cross between horse and ass 
were to give us, not a sterile hybrid, but 
mules that were fertile and could perpetuate 
their kind indefinitely. 

This was possible owing to their chromo- 
some behaviour. Poppy chromosomes go 
in sets of seven. One of the parents had 
tw^o such sets, the other ten ; their gametes 
t^berefore had one and five sets respectively, 
fertilization gave six sets, or forty-two 
chromosomes. At reduction the six sets 
paired up, three against three, and all the 
pollen-grains and eggs had three sets ; 
thus a true-breeding new type was made 
with six sets or forty-two as its ordinary 
chromosome-number. 

In other cases the cross gives a type • in 
which chromosome-sets do not find them- 
selves able to pair *up in this tidy way. 
It is therefore usually sterile ; but in some 
specimens a doubling of the whole chromo- 
some-number occurs (usually by the division 
of the chromosomes without division of the 
cell) ; chromosome-pairing can then occur, 
and so the new type become fertile. This 
is known ^nong FVimulas, for instance, and 
in Evening Primroses ; and sometimes the 
new type is relatively infertile with the old. 
Here again something like a species is 
generated all at one l^und. 

There arc still other ways in which new 

S fp« can be created by crossing. -Two 
istinct species may have the same chromo* 
some-number, and also be fertile when 
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crossed. Mendel’s two Laws will then sec 
to it that a great number of new types appear 
by recombination. Professor Baur of Berlin,' 
for instance, crossed the garden snapdragon 
{Antirrhinum majus) with a wild species. 
A» molle. The first hybrid generation was, 
as we should expect on Mendelian grounds, 
uniform. It was also fertile, and in later 
generations produced a host of new types 
by segregation. Of some ten thousand 
plants raised there were not two exactly 
alike. This is precisely what was to be 


the same sort of thing holds good witk 
genes responsible for other and more h ^ 
seated characters. Thus in higher 
which arc far more Complexly 
bits of mechanism than any plant 
wide cross, the majority of rccombin.^ 
5ir#* likf’^ly to be a little snaky in 
and therefore of no 


are likely to be a little shaky in their ad’ 
ments, and therefore of no evoluti \ 
account. 

Nevertheless, there is one animal sncfl 
in which this sort of thing has hap^ 
on a minor scale — our own. Tlie inhabita^ 


expected if the differences between the two of Northern India are almost all br^ 

species depended on a fair number of skinned and dark-eyed, although ^ 
Mendelian gene-differences, probably be- 
fifteen and twenty. If the 


tween fifteen and twenty. If the two 
differed in only ten gene-pairs, se^egation 
could produce over i,ooo recombinations ; 
if in fifteen genes, over 30,000 ; if in twenty, 
over 1,000,000. 

Some of the types of flowers thus produced 
by recombination were quite different from 
anything seen in either parent, or indeed 
within the snapdragon genus, but resem- 
bled other genera of the family Scrophulari- 
ace<B. We should like to know, of course, 
whether these types could hold their own 
in Nature, or might even be better adapted 
than their parents to special conditions ; 
and investigations on this point are being 
carried out. Very^ similar results, as we 
mentioned in an earlier section, were got 
by Luther Burbank among his plant hybrid- 
izations. 

But there arc cases where crossing cer- 
tainly does produce new types capable of 
holding their own in Nature. The most 
striking are found among those plant-groups 
which seem made to puzzle the classifiers. 
Roses, brambles, willows, hawkweeds — those, 
as any botanical amateur knows, are a terrible 
tangle of overlapping types. In every case 
free crossing between distinct species is the 
root-cause of the diversity and the tangle.' 

Where animal species-crosses are fertile, 
as in various pheasants and in the natural 
crosses between two species of the American 
woodpeckers known as flickers, curious 
irregularities of pattern often crop up in the 
recombinations. Each species has worked 
out its own delicate balance between the 
different genes responsible for plumage- 
pattern ; when the two are crossed, un- 
balanced combinations appear which are 
very easily upset by modifying factors or 
by environment. We may presume that 

1 Not only segregation, but complications due to 
parthenogenesis and to difference in number «of 
chromosome-sets may be involved ; but they all 
fcnilt from the fact of crossing. 
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them have features closely resembling thi 
of fair-haired European people. There 
every reason to believe, however, that 1 
invaders who burst into these plains frt 
the north in the middle of the seco 
millennium B.c. were fair-haired and bli 
eyed, and that the dark-skinned populati 
they conquered had features not at all 
European type. The fair complexion 1 
gone, the features have been preserv 
We know that intense sunlij^ht is harm 
unless prevented from penetrating by 
absorbent layer of pigment. During 
hundred generations or so that have elapi 
since the Conquest and the resultant ini 
marriage of the two stocks, the fair-skim 
must always h^ve been at a disadvanU 
compared with the dark-skinned. But 
European types of features were at a p 
mium, as being the hall-mark of the c| 
quering race. The genes for hiir skin hi 
disappeared, but the new combination 
aristocratic features with dark skin 
survived. 

Almost exactly the same thing appt 
to have happen^ in Greece. The Doi 
irruption, somewhere about the twe 
century B.c., was of fair northern im 
and yet there arc scarcely any blue-e 
people in modem Greece. Some ot t 
genes, but not others, have been sel« 
out of existence, and so new types nave 
created. » 

To sum up, then, new types, often 
in plants at least, to be called 
spnng fully-formed from a cross, li e 
from the head of Jove, without ® 
of selection bchted them. But though a 
ing, like isolation, may 
the variety of evolving life, like t*® 
it seem, ilic^afek ofproduc.nrf, 
advance. Tte^mi^ts ol 
only substdiary. ojsingbetJ 

great driving farce, 

dwtin^stype* 
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n with Natural Selection at the 
1 'Inikl still go on SO long as animals 
U'phiits continued to vary and the 


Mtions 

fengf' 




the world about them to 


§ 7 

to Vary and Extinction 


ihr more ardent followers of 
t!“n went .. good deal farther than the 
ft Natural Selection made it unneces- 
"*** m do as I’iiley did, and ascribe every 
butloii 10 ihc direct agency of the Deity ; 

I thev proce eded to make a deity of 
tural Scln (ion- Weismann, for example, 
go far as to maintain what he called 
khc Omnipotence of Natural Selection.” 
^,h oxagRcrations gave excellent occasion 
, the antagonists of Darwinism, But, as a 
ittcr of fad. few naturalists failed to 
Ilize at any time that the action of Natural 
leftion is a limited one. It is limited 
;hby the quantity and the quality of the 
:ialions supplied to it. 

■^veiy case nl extinction of a species is a 
lure to pimide any variations which 
lid have been used to meet and overcome 
circumstances which were leading the 
ics downhill. Sometimes we can see 
JcisHy what was lacking. The Great 
ard, lor instanc e, that * magnificent 
li whicli OIK e nested commonly enough 
lEast Anglia, 1 ms now disappeared from 
lost all of North-Western Europe. The 
ic serms to h<' in its excessive instinct 
[wariness. It leaves its eggs readily at 
siffhl of man, and refuses to return to 
^ so long as he is still in view. The 
t is that as soon as cultivation invades 
laiints, the hen bustard is so often and 
'ng of! her (‘ggs (hat they grow addled. 
|onie rniUaiion liad but arisen to reduce 
inheiitcd cautiousness, the bird could 
survived longer— perhaps long enough 
;ap the advantages of the modem senti- 
K m favour of bird -protection. As it 
I the spc('i(’s out its own throat by its 

for the right mutation never 

ared. 

the otlier hand, was 
^ hy Its inveterate tameness. This 

flrr 

by sailors for food and oil in 
(^hers that it became wholly extinct 


ftgthc 


nmei('('nth century, Gould but 


I ^^u-^tard’s shyness of tempera- 
b^^'anted to a few GrcAt 


In many other cases wc cannot put our 
finger so accurately on the cause of extinction, 
Wc know that when the Brown Rat, dis- 
seminated by trade, spread over Western 
Europe^’ the indigenous Black Rat quickly 
fell on evil days and was in many placw 
brought to extinction on land (though it 
survived by taking, to a life aboard ship). 
But wc do not know what failed the Black 
Rat in the stmggle, what variation would 
hkve saved it. Nor do we know why, of the 
different kinds of Zebra, Burchcirs and 
Grevy’s should have survived the opening-up 
of Africa, while the Quagga became extinct. 
Our absence of detailed knowledge docs 
not, however, make the principle less 
cogent. One species or one group becomes 
extinct, another in the same conditions 
survives. The former could have escaped its 
doom if its germ-plasm could have produced 
the right variations and produced them 
with sufficient speed — but it did not. 

This leads us at once to ask whether 
some species or whole groups may not be 
much less prone to vary than others ; 
unfortunately, wc cannot as yet answer this 
with any certainty. It is often asserted that 
highly specialized creatures, such as elephant 
or ant, fully evolved trilobite or dinosaur, 
lack the power of variation. This, however, 
seems to rest upon a misapprehension. Dog, 
horse, and pigeon are all highly specialized 
animals ; and yet sufficient mutadons 
have appeared in them in a short five 
or six thousand years to allow man to produce 
such extreme types as bulldog and dachshund, 
percheron and racehorse, fantail and pouter. 
Variation thus may be abundant enough in 
specialized creatures. In Nature, however, 
the very fact of high specializadon handicaps 
many variations which might have been 
useful enough to a more all-round and 
generalized creature. Just because a horse 
is so well adapted to running, it is further 
removed from any possibility of becoming 
adapted to climbing, or flying, or burrowing ; 
and a variadon, say, towairds more carni- 
vorous teeth, which might have been 
profitable to an animal not yet wholly 
committed to one pardcular line, would, in 
the horse, merely find itself in opposidon 
to the minority of its other characters. 
Natural Selecdon the conservadye frowns 
on such innovation. But alter the tendency 
of selecdon, as man the radical does when 
he breeds his stocks, and the versatility of 
the creatures is at once revealed. 

#A highly specialized animal is precisely 
one which has ^rcady been forced by sdw** 
don about as far as it can po^tably go alc^ 

377 



BOOK 4 


THE SCIENCE OF LIFE 


one particular adaptive line. A horse 
cannot reduce its toes to less than one ; nc^ 
improve the mechanical construction pi 
limbs much beyond their i 

nor grow larger without saennang spcM. 
SpecisJized adaptation to one particular 
mode of life is thus in its very nature a 
cul-de-sac ; variations may occur, but 
they can only rarely be of service to the 
specialized animal or plant. The speci^izcd 
animal is in its own way almost as perlMtly 
adapted to its mode of life as is possible ; 
if some other creature should find a better 
way, it is helpless. Thus Natural Selection 
has relatively little power to modify highly 
specialized creatures ; but this lies more in 
the nature of specialization itself than in any 
failure of the specialized organism to produce 
mutations as fast as more generalized types. 

But some kinds of animals and plants 




Fig. 204. A very variable species. The wild pansy of 
Europey Viola tricolory in four of its numerous variations. 

The Jirst is deep bluej the second light violety the third white with 
a dash of yellow, the fourth yellow with a little white ; the shapes, 
too, are markedly different. 


do seem to have a smaller capacity for vari- 
ation than others. Almost ever>' species of 
duck, for instance, is relatively very constant ; 
even when its geographical range is a wide 
one, few or no variations are to be foui^d. 
Wrens and titmice, on the other hand, are 
considerably more variable ; each wide- 
spread species is divisible into a number of 
distinct sub-species, which usually grade 
into each other on the borders of their ranges. 
The same is to be seen in plants. If examples 
are needed, the wild pansy will serve, with 
its dozens of varieties in flower-shape and 
flower-pattern. On the other hand, how- 
ever, that beautiful Alpine plant, the eight- 
petalled Dryas, is always very much the 
same, whether on the Alps or the tops of 
Scottish mountains, on the Great Divide in 
GDlorado or at sea-level in Spitsbergen, 
nor does the ubiquitous bracken-fern show 
any noticeable variation from England ^ 
its antipodes. 

It is certainly true that in the brief space 
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during vdiich Drau^la has been • 
gated, quite a number of inu!atiom 
that firom red to white eye, have a 
in more than one species, and 
edly, a fact which argues the limiM’* 
possibilities ; at^ a similar recurre^ 
mutations has been found in most k 
organisms that have been carefuUv 
I, lo* » it thdr 
limited repertory o? tncks. Limitati „7 
also argued from such facts as the restricti 
of colour or pattern in various grounc 
animals and plants. Woodpecker run 
reds, blacks and whites, with occasior 
outbursts into green, yellow or browi 
but blue and its combinations seem to 
unknown among them. Gulls, on the otl 
hand, show almost exclusively a combinati 
of white with grey-blue or black; ro 
yellows or greens are never found in th 
plumage. Among plants, the t( 
dency of composites (like dandcli 
and daisy) to have either yellow 
white flowers is familiar. 

But such facts may be niisleadii 
The prevalent colours may provi 
some advantage we do not ' 
understand ; or their prevalei 
may mean only that they constiti 
the path of least resistance, not tl 
variation cannot produce otl 
colours. The Pierine butterflies 
“ Whites ** give us a useful warni 
in this respect. As their popu 
name implies, the prevailing cok 
is white, usually combined w 
black ; yellow, orange and green 
arc also not uncommon ; we might well si 
pose that their variation was restricted 
these colour-themes. But in South Amer 
a number of Picrincs have become mimet 
they mimic butterflies of the Helicon 
family. And among these mimics we 
colours and patterns wholly unlike anyth 
found elsewhere among 
an undoubted tendency to keep 
colours need not prevent others being p 
duced if need arise. . , 

More to the point arc some 
of breeders to o^in glue rt 

which they particularly c 

are the most famous exam 

tuties a blue rase has . and ] 

of every ambitious ro^-g d 

though bluish-wrple acU< 

obtain^, true is as 
meutasever. J* “ i. 
be aU shades of red, ^^ible, 
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, , ijps are another case in point. 
■“ |„iip mania of the seventeenth 
evfi\' effort was made to breed a 
Siowcre.1 (ulip, and hu^ pric« c^d 
been ohinined for such bulbs. The 
Lm were d.ukened to a deep bronze, but 

black eluded the grower. ^ ^ 

ifhere are other limitations upon variation 
consider. Natural Selection has never 
•ndven the chance of refusing or accept- 
^ a wheel. Not only has the principle 
ihc wheel nc\ er been utilized in the bodies 
[living thinits, but it is impossible for it 
be utilized. It is impossible, because a 
[ng organ rotating like a wheel could not 
I supplied u itli blood-vessels and nerves. 
L‘‘ Wheel Animalcules ” or Rotifers, we 
[y note in passing, simply have circlets of 
|a in their structure and not wheels, 
important, too, are some of the broad 
jtriciions to be found in larger groups, 
[arthropod and no threadworm possesses 
[a. No insect has developed any form of 
[letoa sa\x‘ of [)urc chitin ; no mollusc and 
I vertchiate has any chitin at all. No 
pehrate has any metal hut iron in its 
|)iratory pigment ; while sca-squirls can 
1 nothing hut the rare element vanadium, 
lorophyll, wherever found in plants, 
les but little in its chemical composition 
j mode of working ; but it is never found 
animals, even though many animals, such 
reef-building corals, reveal their need of it 
taking green plants into partnership with 
m. 'I’he reason for such restrictions we 
I only surmise. The insect constitution 
y be incapable of giving rise to cartilage 
bone ; or else, insects having happened 
make a start with an external skeleton of 
till, die jirodiiction of substances suitable 
an internal skeleton would be valueless 
tiout an impossible remodelling of their 
)e organization. But whatever the pre- 
^cause, the fact of restriction remains, 

0 ter cases wc can better understand 

■w on,"”"*’ 1 ^” more than 

«>«ld have 

f would -,1**^' ° horses or even rabbits 
rise of V ‘■‘■'■‘'“"ly liavc prevented 
iandhave'f pre-enunence on 

d have become the world’s dominant 

O'- 

bulk nV ^ ^’cached a hundredth 
Well elephant, for they 

below a hundred pounds in 

^her restriction depends on acro- 


dynamc laws ; with wings as propulsive 
machinery and muscles for power, larger 
creatures could not attain sufficient speed to 
avoid stalling. And the fortunate restriction 
of insect size is due to their having embarked 
on the method of breathing by air-tut>es ; 
this method, the most efficient of all ways of 
breathing for quite small land animals, 
becomes rapidly more and more inefficient 
Increase of bulk, since oxygen must 
dinuse along their tubes to reach the tissues ; 
and if these arc too long, diffusion takes so 
much time that the supply of oxygen is 
inadequate. Advantageous as size would 
have been to insects in other ways, Natural 
Selection could not give it to them, because 
their plan was fixed in a mould which auto- 
matically made size above a certain small 
limit a handicap to efficiency. 

Thus, to sum up, the power of living things 
to change is definitely restricted. Some- 
times it is restricted through the limitation 
of variation : one germ-plasm may be much 
more stable than another, or one type of 
constitution may readily produce variations 
in some directions, but be debarred by its 
own nature from producing them easily 
or even at all in others. Sometimes it is 
restricted by the mere fact of previous evolu- 
tion ; for specialization, without necessarily 
restricting the supply of variations, auto- 
matically makes the great majority of them 
less advantageous. The specialized animal 
is committed to a certain line of advance : 
variations that would take it along other lines 
can only be useful if it can manage to destroy 
or modify the plan it has already built up ; 
and even to its advance along its own chosen 
line a term is eventually set — it reaches the 
limit of efficiency prescribed by mechanical 
or chemical laws. 

But when all is said, the liberty of change 
open to evolving life is much more impres- 
sive than its restrictions. Here a door is 
shut, there a limit imposed, but the range of 
variety and height of attainment is pro- 
digious. When one kind of creature goes 
under and becomes extinct, it is often, 
perhaps usually, because another has varied 
in new and more successful ways. Tlie 
single type pursuing a particular direction 
of specialized advance is restricted, but the 
group of which it forms part is evolving in 
many and diverse directions. This or that 
line of advance, this or that change has 
been barred ; but life as a whole has never 
ceased to experiment and discover. 
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§ I 

Straight-line Evolution 

W E have treated of mutation as a 
random, sporadic event happening 
without design or any appearance of per- 
sistent aim. This is how it presents itself 
to the working biologist. In the living 
creatures, fruit-flies or maize or whatever 
they may be, in which he studies variation, 
new mutant forms of many and varied kinds 
appear ; now one feature of the organism is 
changed and now another ; there is no 
observable tendency for the germ-plasm to 
improve itself progressively in a particular 
direction. 

Now at first sight this fact of random 
variation disagrees with the testimony of the 
fossils. The palaeontologist, deciphering his 
vast histories, finds Evolution pursuing defin- 
ite and steady trends. The horse-stock, for 
example, proceeded onwards through mil- 
lions of years, always steadily horsewards. 
At the same time such creatures as camels, 
rhinoceroses, and pigs for certain, and in all 
probability the rest of the modern mammals, 
were slowly and minutely perfecting them- 
selves in their own directions. And as we 
have already assured ourselves, there are 
plenty of examples of such steady, progressive 
evolution among other groups of organisms. 
Out of these facts has grown the idea of an 
inward directive force somewhere inside the 
germ-plasm, that makes it vary always in 
one direction. This is the theory of Ortho- 
genesis. On this view the evolution of the 
horses was due, not to their having taken to 
the open plains and to any individuals with 
long legs and complicated grinder teeth 
having therefore an advantage over the 
others, but to some innate, independent, 
orthogenetic tendency of horse-protoplasm 
to lengthen its legs and complicate its 
molars. 

Now it is obvious that we ought not to 
assume these mysterious inward directive 
forces unless we are compelled to do so, unless 
the facts do not admit of a more intelligible 
explanation. And in these cases of hone 
and pig, camel and rhinoceros, they 
certainly do. In each example the animal 
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IS adapting itself very admirably for ^ ■ 

particular way of life ; and since the chn 
are manifestly advantageous. Natural 
tion acting on random variation t ill 
account for them perfectly well rT 
successive stage in the hone evolut'ion 
an improvement on the last because ” 
adapted the stock still further to a runnin 1 
and grazing existence. Moreover, as If 
have already seen, once an advance has been 
made in a particular direction there will 
naturally be a bias that way, for variations 
which happen to be on that line will be 
especially useful, while those that arc off it 
thereby lose their value as weapons in the 
struggle for existence. A mutation making 
for millstone ridges on the teeth would have 
been perfeedy useless to the whale-stock 
which was evolving a method of straining the 
nutritious sea through whale-bone, and the 
millstone would have weighed as heavily 
round the neck of an evolving tiger. But 
such mutations were extremely useful to 
the developing herbivores of the Genozoic; 
they had already begun to adapt themselves 
for grinding grass, and any such improve- 
ment of their molars was of great assistance. 
So that on the whole, other things hein^ 
equal, animals and plants will naturally tend 
to evolve in straight lines. 

But there are exceptions. There arc plenty 
of cases of animals which have successfully 
turned aside during their evolutionary 
histories. Some change in themselves or in 
the outer world has made a new line more 
profitable. The evolution of elephants, 
mentioned in Book 3, Ch. 2, § 5, is an ex- 
cellent example of an evolution which did 
not keep to one direction. Then many land 
types have reversed their evolution by going 
back to water ; whales, seals, penguins, 
ichthyosaurs and plesiosaurs, watcr-tortois« 
and turtles, water-insects and some Hnds 
of water-snails are all proof that there is no 
rigid orthogenetic tendency in living things. 
The race is always on the lookout, so^ 
speak, for avenues to explore ; when a 
way of life presents itself it is seized 
We ourselves arc examples of the 
tortuousness of Evolutionp One of 
distinctive features of mammal 
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,he development of hair, and yti type, a type found in no other mammal, and 
are hairless. But it can safely were seated on the same part of the skull. 
^ t should never have evolved BcUcvcn in orthogenesis say that this in- 
^ ( stors had not warmed themselves dependent development of the same of 

f our an( ^ ^ pur later ancestors until horn in four parallel lines is impossible to 
^'’1^ ntly were specializing themselves explain on the Selection theory. It demands, 
juite rec^i perfectly for an adventurous they say, the idea that the germ-plasm of the 
monkey-life in the trees, but we original Titanotheres was predetermined to 
} okrn away and deserted the arboreal vary in a definite way, wound up,^ so to 
^^Nt vcrtheless, it is to this habit in speak, like clockwork, and that in the 
erstors that we owe the delicate different stocks it simply unfolded itself in 
ol our hands, perhaps even the its predestined fashion. The horns had to 
plastici y ^ upright appear and grow at a certain stage in the 

development of each of the four lines, quite 
^^Thereaic, however, examples which afford apart from any question of advantage or 
, evidence of an obstinate orthogenetic disadvantage. This is one of the classical 
than do the horse and other un- examples of orthogenesis, 
lliere are cases in which a race There is, however, a more intelligible 
f wlv and obstinately develops a character explanation than that. It is well known 
^ hich as I’ar as we can see, is of no very that in horned or antlered animals (such 

as sheep, goats, cows, antelopes, deer) the 
' To illustinte this we may consider the proportionate size of the horns depends on 
Titaiiolhcrc s, a group of clumsy, browsing the size of the individual. ^ The bigger an in- 
mamnials having the build and general dividual of any such species, the greater are 
appearand of a rhinoceros, that rose very his horns in proportion to the rest of him. 
kii^rly in (he liistory of mammals and rapidly And it so happened that during their horny 
atlained formidable dimensions and wide- unfolding all the four lines of Titanotheres 
spread abundance before their extinction in increased steadily in size. Suppose that all 
the Oligoc enc period. At first small, they the Titanotheres, the earliest as well as the 
approarhvd and nearly attained the size of last, had a general tendency to produce horns 
elephants ; and all the larger, later types of their characteristic type. Suppose that 
have a p.iir of horns, diverging like the limbs the manifestation of this tendency depends 
of a V and placed near the tip of the nose, on the size of the animal —as it does in deer 
Within this curious group there are several and sheep and the like. The earliest Titan- 
distinct lines of evolution. Osborn, the otheres were too small for their horns to 
well-known American authority, distin- appear at all (just as a young male red deer 
giiishcs at least four. One line retained its is too small for his antlers to appear), and 
front teeth and remained stocky. Another as they increased in weight their horns were 
lost its incisors, became more of a grazer, thereby allowed to develop more and more 
and grew longer-limbed and speedier. In magnificently. 

both these two trends the horns remained Thus the steady evolutionary growth of 
fail ly small. In the other two the horns were horns in Titanotheres turns out to be an 
bcttci developed ; the third, like the second, incidental consequence of inerQ^se in size, 
lost its incisor teeth ; while the fourth, of And increase in size in such animals seems 
which the gigantic Brontotherium was the definitely to be of advantage. The majority 
final representative, kept its incisors and of lines of mammals (and indeed of most 
Weill in for great bulk and slow, browsing vertebrates) show this tendency to grow as 
fiabits, they evolve ; it gives them greater strength 

Now ill all these four lines the horns show and sometimes greater speed, to help them 
^n independent but parallel development, in their struggle for existence. So the 
Tfic earliest representatives, the founders supposedly orthogenetic hom-growth is 
of the four lines, were all hornless. Then, bound up with biological advantage after 
as the lilies evolved, each developed horns all. It is what Darwin called a “ corre- 
quite independently of the others, but all lated variation ; ” not itself of direct 
oor in a parallel way. First a horn-rudi- advantage, it is the automatic consequence 
appeared, a mere thickening of the of a change which has other advantages. 
|^‘il bones. Then little bosses grew. Then Even here there is no need to invoke die 
§0 bosses sprouted into V-shaped horns, inner guiding principles ; Natural Selection 
ill the culminating animals of all and random variation will do all that is 
lines the horns had the same general necessary. 
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§ 2 

Do Races Become Senile? 

Natural Selection will account for the 
great bulk of straight-line evolution. But 
when all the cases arc eliminated in which an 
obvious biological advantage plays the 
rudder that keeps the evolutionary course 
straight, there are still some examples to 
explain. The most striking come from 
among the Ammonites. These animals, so 
abundant in the seas of the Mesozoic or 
Secondary Era (IV), grow progressively more 
richly sculptured, with successive chambers 
more intricately dovetailed into each other, 
as the millennia pass. Finally, not long 
(geologically speaking) before their final and 
complete disappearance, a number of quite 
new types appeared. The beautiful spiral 
became wholly or partially unrolled, and the 
regular gave place to the fantastic. 

It has been found difficult even to guess 
at any biological advantage which might 
explain the existence of many of these later 
and stranger forms ; and Alpheus Hyatt, 
the American palaeontologist, followed by 
many later authors, has sought to explain 
them as an expression of what he called 
“ racial senility,” due to some kind of 
inevitable degeneration of the germ-plasm 
of the group, comparable to the slow in- 
dividual ageing that Mr. Everyman cannot 
a.void, and similarly heralding an inevitable 
and internally determined extinction. The 
previous trend towards elaboration of sculp- 
ture and dovetailing he and his followers 
would interpret as due to the age-changes 

^ germ-plasm during its maturity. 

There are really two ideas here combined 
—that of racial ageing and that of ortho- 
genesis. If it could be definitely shown that 
these latest types of Ammonites derived no 
mological ^advantage from their bizarre 
shapes, we should be forced to accept an 
orthogenetic explanation of internally deter- 
mined evolution. It must be admitted, 
however, that we know next to nothing about 
the mode of life of Ammonites, or about the 
changes which may have been taking place 
in the late Mesozoic (IV) seas. The 
example reminds us of our ignorance and 
warns us to keep the idea of orthogenesis in 
reserve in case it prove necessary after all, 

K ^Perience of the Titanotheres and 
their horns also gives us a warning—that we 
may discover some advantage lurking in the 
background of apparently quite useless 
h^penings. It is perhaps wise to suspend 
judgment. It would be rash to demand a 
wholly new principle of evolution to account 
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for what is almost an isolated r kp k r 
we are certain that other methods of . 
efficacy arc entirely ruled out 


efficacy arc entirely ruled out. 

Racial senescence is another matter -n 
idea of racial senescence is only a mp," i" ' 
taken over from the individual life!! , ’ 
and to this the self-reproducing stream ^ !• 
germ-plasm presents no similarities 
phrase is not really anything more than , 
analogy, and a loose one at that But ik" 
idea has often been toyed with, usi»li /k 
palaeontologists. According to the ^ 
holders of this view, the signs of racial old 
include the development of bizarre shaoe afa 
of pat bulk, and especially the prXtioI 
of horns and spines and other excrescences 
Indeed, there is example after examnle 
where such exuberance in a race heralds its 
extinction. 


But when we look into the matter whit 
do we find ? We find that these character- 
istics arc often displayed by stocks which soon 
afterwards go down the evolutionary hill 
and become wholly extinct. That is all 
It is an interesting fact ; but that the 
specialization or the spininess are expressions 
of anything comparable to senility— of this 
no proof is forthcoming. 

The explanation of the actual facts seems to 
be quite different. Specialization, as we 
have seen, tends to be pushed on by Natural 
Selection towards a limit. When that limit 
is reached or neared, various things may 
happen. Quite often specialized types con- 
tinue to thrive without essential chaiii,^c. 
The fully specialized horses appeared in the 
Pliocene (V D), and have remained with 
little change ever since. The same is true 
for many other of the most specialized mam- 
mals, such as the whales. Crocodiles, the 
still more specialized tortoises, and mam 
families of flowering plants, have scarcely 
changed since the Cretaceous (IV C) : 
lobsters and many fish, including such veiy 
specialized types as skates and eagle-rays, 
date back still earlier ; and among the 
lamp-shells, with their elaborate current- : 
producing mechanism, some forms, as we : 
have seen, have persisted from the earliest 
Paleozoic (III A). 

In other cases, a change of outer con- 
ditions sets in, and the specialized type, which 
was well adapted before, can no longer 
maintain itself, and becomes extinct. Slow 
and gigantic herbivores that could thrive 
well enough when plant-life was luxuriant 
are liable to die out if the climate grows drier 
and vegetation more sparse. So, too, die 
creatures .>1^110 are tied to water for their 
reproduction. And drought seems thus to 
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^tiri'iiished the giant Amphibians of 
(IV A). Forest dwellers must go 
f,[,eir‘ liome is all replaced by prmries. 
This have happened to Hypo- 

■ us th'‘ side-branch of the horse-stock 
'"h ch ’siK-cialized its teeth for browsing on 
7 lent I'orest-vegetation. As the Miocene 
fV C) climate grew drier, the forests shrank, 
d it perished. Cold is an equally potent 
. of u^^tinction ; the Glacial Period gives 
^ abundant evidence of that 


But while 

whole groups were then frozen out 
altoKfihcr, like the “ tank-armadillos ” or 
glvptodonis, the giant sloths, and the 
rokstodon type of elephants, m other groups 
which appear to be equally specialized, like 
thf rhinoceroses, camels, or the true ele- 
Hants, only some species became extinct 
whV others persisted— further proof that 
specialization in itself need not be the cause 
of extinction. 

In perhaps the majority of cases, however, 
extinction is not due to so simple a cause. 
The specialized type is confronted with the 
competition or the attacks of new types which 
start from a higher level of organization or 
possess some special advantage. And it is 
this competition which, often in conjunction 
with changed and less favourable conditions, 
bungs about the old types’ downfall. Some 
of the Dinosaurs might well have survived 
rfic drought and the cold of the Cretaceous 
(IV C) if they had not had to compete with 
the evolving mammals. Within the mam- 
mal stock itself the extinction of so many 
specialized groups in the first half of the 
Tertiary (V A and V B), including such 
lormidable creatures as the four-horned 
ihnoccras and all its kin, was undoubtedly 
due to the rise of new mammalian types with 
better physical construction and, in parti- 
cular, more elaborate brains. And if we need 
another example, we have only to think of 
the extinction of modern mammals which 
has been caused by the coming of man. 

An example often invoked to support the 
idea both of orthogenesis and of racial old 
is that of the wonderful sabre-toothed 
^ats which, first found early in the Oligocene 
y^), became extinct only during the 
Glacial Epoch. Their most striking char- 
acter— to which they owe their popular 
namc—is the elongation of their upper dog- 
into a pair of exquisitely constructed 
3iid formidable daggers, almost as long as 
die whole jaw, thin blades of living ivory 
lj(j|h fine saw- teeth on their cutting edges, 
i^his construction is fully developed only in 
jhe latest-evolved species types, such as 
hmilodon ; in earlier forms die “ sabres ” 


are smaller, and the whole skull more like 
an ordinary cat’s. 

It is often asserted that the gigantic daggers 
of the latest sabre-tooths not only could not 
have been useful, but must have interfered 
with the capture of prey, and so have directly 
brought about the animals’ extinction. 
Their long-continued enlargement would 
then be due to orthogenesis ; while ,thcir 
final exaggeration would be a symptom of 
racial senility. Both the advance and the 
extinction of the stock would be due to 
inner causes. 

But the truth seems to be quite different. 
The huge teeth of the sabre-tooths are not 
biting organs in the ordinary sense — almost 
uniquely among teeth, they are stabbing 
daggers. While the true cats were becoming 
adapted for chasing and devouring the fleet 
grazing ungulates, the sabre-tooths were 
evolving along other lines. They were the 
enemies of the huger and slower browsers 
(the lumbering, tough-skinned giant sloth 
seems to have been a favourite prey of 
Smilodon) and their dagger-teeth were 
evolved to pierce the tough hide of pachy- 
derms. Their whole structure is beautifully 
adapted for clinging with the feet and then 
delivering downward stabbing blows, not 
for gripping with the jaws. 

Now one of the most noteworthy events 
of the Pleistocene (V E) was the change of 
climate, with the consequent Elimination of 
so many kinds of big, heavy mammals and 
the restriction in range and numbers of the 
few survivors. The sabre-tooth of the 
Pleistocene, far frorn being a senile type 
or one that had been forced to overshoot the 
evolutionary mark, was a beautiful piece of 
living mechanism evolved to cope with the 
increasing size and thickening skin of its 
special prey. And it became extinct not 
because it ceased to be adapted, but because 
its prey died out. 

Thus, specialization need not be the preface 
to extinction. And when it is, the extinction 
is not brought about by some inner ageing 
of the germ-plasm, but by changes in outer 
conditions or in living rivals and enemies. 
Very specialized types are more easily 
extinguished than others ; but this is because 
they have moulded themselves too perfectly to 
the passing world, not because they are 
“ racially old.” In their speciality they 
have gone too far to turn back before ex- 
tinction comes. 

Racial senility is thus on the same footing 
with orthogenesis as an explanation of 
evolutionary happenings. In the great 
majority of cases there is no need to invoke 
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Fig. 205 . Straight-line evolution in the Sabre-toothed Cats 
Right t skulls; left, reconstructions of heads. The Sabre-tooths^ 
gradually increased in stjze, enlarged their upper canines, made their 
jaws able to open more widely, and reduced the size of their lower- 
jaw teeth. From below up : Dinictis and Hoplophoneus {Oligocene, 
V B ) ; Macfuerodus [Miocene, V C) ; and Smilodon [Pleistocene, 
VE). Top, above the line, a true cat [Jagucfi, to show the very 
different construction, with upper and lower canines about equal, and 
large Jlesh-cutting molars. 


it, htc 2 m€ % and more 

tclU^ibk-^pial^tiod will work as^i 
or better. ' A few examples remai^ 
which we c^n ^ yet assign no rcas^ 
able outer cause for extincik 
disappearance of the Amm 
one ; the extinction of the ^ 
lizards, the Ichthyosaurs and! , 
and Mosasaurs in the seas, of 
Mesozoic Period (IV), long l)eforel 
appearance of whales as competitc 
is another. As with the few 
cases of orthogenesis, these remain to 
remind us of our ignorance. With th| 
growth of knowledge, we may find qut, 
that there was an outer cause for theij' 
extinction after all ; or we may discover 
that occasionally the germ-plasm doL 
fail the race. But even if the latter' 
alternative prove right, it too can have 
had but a minor importance in Evolu- 
tion. Extinction is for the most part 
brought about not by any internal 
wearing-out or ageing of the germ- 
plasm, but as a natural consequence j 
of the universal struggle. 

§ 3 

The “ Elan vital ” and the 
Life Force 

The theories so far discussed arc nonel 
of them what philosophy calls “ vital- 
istic.” To account for Evolulion they 
demand no special, and mysterious 
qualities in living matter. Granted that 
it can reproduce and vary, a lew simple 
forces come automatically into play, 
and Evolution by means of selection is 
the result. There is a machinery under- 
lying Evolution as there is a machinery 
behind chemical combination or the 
laws of gaseous pressure. But as we 
have noted from the outset ot tlm 
Book, there are other theoncs m 
existence- whose proffered explanaUoiiy 
are not mechanistic at all, but vitahs 11. 
They ascribe Evolution to some 
ing force which is supposed to 
purposive, or at least of the sc 
nature as purpose, and to reside m j 
but not in matter which is not aiivc. 

Of such theories there are 
The mqst celebrated creative torce 
Bergson’s ilan wtel or vital ,1 


reappears, expounded in cxaj,v 
form, a panUamme giant, as m j 

Force of Mr. 

Sh^ Life, Force need not d^a I 
us Iona. It is Lamarckism m car 
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ii'' Life evolv«; 

•rSofe or less coMCioMS cfi[(>rt, Evoluljcm 
ffi# 4 jlarr because all life is purposeful in 
1*^ ourselves the Life Force may 
InK^.purposes with our conscious but 
selves ; racial purpose may 
individual purpose^ But how- 
however deep below the level 
Mm^y consciousness, the essence of the 
ll'fe'forcf is purpose. Quite apart from the 
[difficulty of ascribing even rudimentary pur- 
I e and foreknowledge to a tapeworm or a 
Kato or collective aspiration to the tape- 
rra race or the potatoes of the world, there 
^remains the impossibility of transmitting the 
Lults of this purposeful striving to posterity. 
Hf as wc have given ample reason for belicv- 
l' acquired characters cannot be inherited, 
Ux. Shaw’s Life Force does not exist. 

Beri?son’s elan vital is in a rather different 
case, for him the vital urge is something 
inherent in the very nature of life, but 
absent from dead matter. It is in some not 
very comprehensible way intermediate in its 
properties between the blind activities of 
lifeless matter and the conscious and purpose- 
ful activities of mind. In operation, it 
reveals itself as a constant tendency towards 
adaptation. For M. Bergson it is this 
tendency towards adaptation which accounts 
for the existence of adaptations, and not such 
[ material considerations as the struggle for 
existence and the elimination of the less fit 


mental ^roperti^ as pur^c. Bergson’s 
Creative Evolution gives one of the most vivid 
pictures ever painted of Evolution at 'work, 
but as an exposition of evolutionary method it 
is valueless. It is a brilliant and poetical 
description, and it has very properly won its 
creator the very highest literary distinction. 
But it is not a scientific explanation. 


Is There Purpose in Evolution? 

Bergson and Shaw, in common with 
many others, have been so much impressed 
with the apparent purpose revealed in the 
slow, stupendous drama of life, that they 
have not hesitated to make purpose the key 
of Evolution. They see purpose not only 
in its results, but would rhSkc it the very 
heart of its method. This question of 
purpose in • Evolution is a crucial one for 
biology and for the contribution which 
biology is to make to general thought. Let 
us briefly summarize the conclusions of this 
chapter ; they will help us to decide if 
evolutionary purpose is real or only apparent. 

Our main conclusion is that the chief 
agency of evolutionary change is the sifting 
action of Natural Selection upon practically 
random variation of the germ-plasm. 
Lamarckism will not work, because neither 
the direct effects of the environment nor 
those of conscious or unconscious effort are 


by Natural Selection ; and equally without 
aid from struggle or selection, it makes 
tactfully but firmly for movement onward 
and on the whole upward in Evolution. 
The elan vital itself causes evolution. It is 
orthogenesis translated into vitalistic terms. 
But v\hen wc begin to look into the argu- 
ment closely we see that the elan vital is a 
mere metaphor. It is in reality not a new 
and mysterious creative principle, but the 
elementary chemical properties of living 
inatter, idealized and personified. Living 
matter has, as its basic property, the power 
of metabolism and self-reproduction ; and 
It varies. From these two properties there 
lollow over-multiplication, the struggle for 
t^xistence, the survival of the fitter, and the 
j^onstant stress of Natural Selection. If we 
hke to call the combined effect of the struggle 
^nd the variation biological pressure, we can 
0 so. Then why, it irtay be asked, should 
not be poetical and call it elan vital ? 
biological pressure is a resultant of 
simpler forces, all unconscious, none vital- 
ise ; while the dan vital is defined as a pro- 
Wy in its own right, not further analysable, 
/ partaking in ^pme obscure way of such 


normally inherited ; and orthogenesis is, 
in most cases at least, a quite unnecessary 
hypothesis. But the theory of Natural 
Selection provides an adequate explanation 
for the great majority of the facts of Evolu- 
tion ; it can explain the detailed adaptations 
of animab and plants and their long-con- 
tinued trends of specialization, the rbe of 
new types and the extinction of old, the pro- 
gress of life, its retrogressions and degenera- 
tions, and much at legist of its variety. The 
implications of thb are far-reaching. With- 
out constant struggle and competition, 
Evolution could not have occurred ; with- 
out the failure and death of innumerable 
individuals, there could have been no 
gradual perfection of the type ; without the 
extinction of great groups, there could have 
been no advance of life as a whole. 

And then we see Evolution as a response 
of life to its environnient. It is as much a 
response as a child’s drawing away of a 
burnt finger from the flame, or the growing 
of thicker fur by. a fox exposed to cold ; 
but the response is effected by a peculiar and 
roundabout method. It b effected by a 
method of trial and error. The environ- 
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ment of a species changes. The species is 
constantly throwing up new variations. 
Most of them are no good and are eliminated; 
a few are improvements and are preserved 
and incorporated in the evolving flow of life. 
The type is thus changed, and changed so 
as to better fit the new conditions of its 
environment. 

Let us not forget that the environment of 
any living thing includes not only the lifeless 
environment, but also the living environ- 
ment of enemies and prey, competitors and 
parasites. A great deal of evolution is a 
response to change in that living environ- 
ment. The horse’s speed is a response to 
the increasing speed of its devourers : its 
tooth-structure a response to the spread of 
tough grasses over its feeding-grounds. 
Environment, in this extended sense, deter- 
mines evolution — indirectly, by the sifting, 
trial-and-error method of selection, but none 
the less surely. An organism apart from its 
environment is meaningless ; if the en- 
vironment had been different, so would the 
organism. If this earth were bigger, all the 
mechanical construction of land animals would 
be different, for the force of gravity would 
be greater. If the surface of the earth were 
perpetually shielded by clouds from the sun’s 
rays, as on some other planets, the human 
inhabitants of the tropics would not be black. 
Before the power of colour-vision was 
evolved there can have been no animals 
which practised concealment by adopting 
the colour-pattern of their surroundings, as 
chameleons or leaf-butterflies do to-day. 

The result of Evolution and Natural 
Selection is a constant increase in fitness. 
But there are limitations to the perfection of 
fit attained. Trial-and-error is a rough-and- 
ready method. What it produces is some- 
thing that will work, by no means necessarily 
something that will work perfectly. The 
creatures that exist are those that happen 
to have survived : taken together they 
represent an equilibrium which manages 
to be more or less stable, rather than life’s 
best possible way of utilizing and sharing 
out the resources of earth. 

But — ^and now we begin to touch on the 
question of purpose — as far as we can see, the 
variations which alone make evolution 
])ossible are random variations. That is not 
to say that they may not be limited in 
quantity and quality ; but that from the 
point of view of evolution they are at random. 
In every organism they take place in many 
directions ; the environment, acting through 
struggle and selection, picks out those that 
are headed in one particular direction. The 
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identical variation that is selected a 1 
in one environment may be j 
another. To take but one example^ 
long as great swamps abounded w T 
amphibians that lived in them had 
evolved to their limit of size and p 
variations making for the capacity of 
and reproducing on dry land would 
less value than those promoting suct^ 
in the ample watery environment. But 
this environment began to shrink and 
those same variations would go un 
biological value and would be selectcd^anH 
so impetus be given to the evolution of 
reptiles. 

Variation is at random ; selection sifts 
and guides it, as nearly as possible into the 
direction prescribed by the particular con- 
ditions of environment. Once we realize 
this, wc must give up any idea that evolution 
is purposeful. It is full of apparent purpose • 
but this is apparent only, it is not real pur ’ 
pose. It is the result of purposeless and 
random variation sifted by purposeless and 
automatic selection. 

The term purpose has a very definite 
meaning. It is a psychological term, des- 
cribing a certain familiar state of our own 
consciousness : it implies* the prevision of 
an end, and a determination to reach that 
end. For evolution to be purposeful, one 
of two things must be true. Eithci' livin^t 
things themselves must be purposive in their 
evolutionary changes — the flower must 
somehow want to attract bees, the horse 
intend to lose all its toes but one ; or else, 
although the living animals and plants them- 
selves betray no purpose, purpose must exist 
in the mind of a divine Being, who is manip- 
ulating life and its environment to brinf> 
about His purpose, as we manipulate mailer 
and events to bring about our purposes. 

The first alternative is that of Bergson and 
Shaw ; and, as we have seen, wc mu^t 
dismiss it. Variation and selection in them- 
selves are blind. Life is by them passively 
moulded towards adaptation and perfection, 
and is not the arbiter of its own destiny. 
The forms of life are as much the automatic 
product of outer forces as the forms of moun- 
tains, lakes, and valleys, although the 
machinery of their production is different. 

The second view is the view of a number 
of more or less modernist theologians, h ts 
Creationism up-to-date. Instead of creation 
of the whole scheme of things ready-made, 
it implies the gradual working-out of a prc' 
conceived plan, the gradual realization 0 a 
divine purpose. This may, of course, 
true. Science cannot say yes or no to su 
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•^atc q Jt'stions. She can, however, point 
^ ai^i which bear on their reason- 

^*^rcaii, for instance, justifiably turn to 
and reason as follows. If the 
^^nril sHf'ction of random variations is 
.v4cncy of Evolution, then Evolu- 
rev ives a scientific explanation in terms 
7' known natural forces. It receives as 
^'itural an (explanation as does the pressure 
7air through the impact of its myriad separ- 
ate molec ules, as envisaged by the kinetic 
theory of gases ; or the formation of sulphuric 
acid from heated iron pyrites, steam and the 
fumes of nitric acid through the atomic 
theory and the laws of chemical combination. 
\'ot only is the fact that Evolution looks 
niirposcfiil no proof that there is true purpose 
behind it ; but if there is real purpose behind 
it there must be real purpose behind the 
truiisformations of dead matter, too. 

The biologist can also point out that 
Evolution, whether looked at as a whole or 
in detail, is very far from coming up to what 
wc might expect if it were in truth the 
realization of some exterior cosmic purpose. 
Fiistly, it is extremely slow. Then the method 
of selection is not , only slow but wasteful 
and, in higher animals at least, involves 
^leat sufTcring. Worst of all, it has achieved 
much that seems definitely bad. Evolution 
has deprived barnacles and oysters of movc- 
iTieritancl brain ; it has produced the female 
injjiiis, who begins eating her mate during 
tile act of pairing ; it has generated the 
blood-thirsty land-leeches and mosquitoes, 
and fitted the ichneumon-fly grub to devour 
it!) living caterpillar prey slowly, from the 
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inside ; it has brought into being not only 
strong, intelligent and beautiful creatures, 
but also degenerate parasites and loathsome 
diseases. In brief, we are confronted with 
the gravest theological difficulties if we too 
light-heartedly set out to see purpose in 
Evolution. The wiser and saner course is to 
acknowledge our ignorance of ultimate 
causes and designs. If we do so, then, while 
frankly confessing that we do not understand 
what may be behind Evolution, we can yet 
appreciate at fullest value what it has 
achieved and seek to turn its further progress 
into channels that seem good to us. 

For when we reach man, Evolution does 
in part become purposeful. It has at least 
the possibility of becoming purposeful 
because man is the first product of Evolution 
who has the capacity for long-range pur- 
pose, the first to be capable of controlling 
evolutionary destiny. Human purpose is 
one of the achievements of Evolution. 

Human purpose has arisen as a product of 
the mechanical workings of variation and 
selection. But now that consciousness has 
awakened in life, it has at last become 
possible to hope for a speedier and less waste- 
ful method of evolution, a method based 
on foresight and deliberate planning instead 
of the old, slow method of blind struggle and 
blind selection. At present that is no more 
than a hope. But human knowledge and 
power have grown very marvellously during 
the last few hundred years. The multitude 
of our race living to-day still does not know 
of more than a minute fraction of what is 
known to man, nor dream yet of the things 
he may presently do. 



387 




THE 

HISTORY AND 
ADVENTURES OF LIFE 




book 


THE 

PROLOGUE 


CHAPTER 


77 , ( Scale of the Universe. § 2 . The Setting of the Stage. § 3 . The Origin 
'■ of Life. § 4 . Changes in the Terrestrial Scenery. 


§ I 

The Scale of the Universe 

T he tlnu- hasnowcome togive an account 
of till' artual historyof life upon theearth, 


the proces^'ion 


of events which, never repeat- 


•'Viheniselvcs, have led onwards until this 
I'lTscnt inslaiit where the past is busy eating 
' the I'uture. Of this colossal' drama no 
”lan knows the scheme. Some prophesy 
(atiislropbic end ; others a slow and gloomy 
(Ictd’ioratioii ; still others see no necessary 
j^jll.st()p to the achievements of life, or if 
thrv do, comfort themselves with the re- 
flfction (hat life may prove itself abundantly 
udl worth living in the long epochs still 
to coiric, itself its own justification. Man at 
Ic.ist believes that he has been called to take 
the leading part in it ; and he is not un- 
naturally interested in finding out all that 
has otonc before in the story. 

Goethe’s Faust and the Book of Job both 
: ha\i' a Prologue in Heaven, and without 
I attention to the prologue we could not grasp 
ilie full meaning of their main story. The 
same is true of our drama of organic cvolu- 
iioii. The history of living matter grows 
nut of the history of planet earth, of which it 
is but a part ; and the history of earth in its 
turn grows out of the history of the star we 
rail the sun, which, again, far back, merges 
into the history of a great nebula. 

Wc may be tempted to use theatrical 
metaphors, speak of the earth as life’s stage 
nnd the heavens as its background. But this 
I'i not really accurate. Living matter is but 
n special arrangement of ordinary matter, 
ihn evolution of life but a local and peculiar 
so to speak, in cosmic evolution. 
Hayers, stage, and background are all of 
(me substance together. 

And before going farther wc had better be 
jnie that we have grasped the scale on which 
' in the making of worlds. 

hr matter of this amazing universe of 
inT astronomers assure us, 

% number of island-universes. 

L one, and see others as spiral 

ishi or star-families. These 

sparsely in space like 
y-isics m the sea. Their number runs 


into millions, perhaps into millions of millions. 
Somewhere between five and eight million 
million years ago (we are following Sir 
James Jeans) the gassy nebula which was the 
beginning of our particular island-universe 
was in process of condensing into those 
separate and more solid knots of matter we 
call stars. When it had finished, between 
twenty and thirty thousand million stars 
were in existence in our own star-family. 
Our sun was one of this numerous progeny. 
It, like all stars, had its own history and life- 
cycle, whose course is of astronomic rather 
than biological interest ; we must leave our 
readers to find out about it for themselves 
in the pages of Eddington or Jeans. But to 
the sun, after a great part of its history had 
run, there happened a very rare accident ; 
it was disrupted by the approach of another 
star. This, the astronomers tell us, took 
place about 2,000 million years ago, certainly 
not less than 1,600 or more than 3,000 
million years back. 

If, to get the whole of our sun’s history 
on to a page, we represent one million million 
years by one inch, the time during which 
earth has existed as a separate planet is so 
small in comparison, that it cannot even be 
indicated on this scale (Fig. 206). Multiply 
the scale of our time-diagram by a hundred, 
and the history of earth appears as a space 
about a quarter of an inch long. Multiply 
our scale another hundred times, and we get 
on to our page rather more than half of 
geologic time since the first stratified rocks 
were made. About four inches covers 
all known vertebrate history, and less than a 
quarter of an inch the whole existence of man. 

Again we apply our hundredfold multi- 
plication. Say one inch represents only a 
million years. Our page takes in most of 
the time since the beginning of the Pliocene 
(V D) ; the whole Ice Age (V E) occupies 
about half an inch. Magnify once more, 
again by a hundred, and an inch represents 
ten thousand years. Within two inches is 
included all the time there has been since 
the final retreat of the ice of the last great 
Ice Age, and within this space man, as we 
shall describe, has evolved from his Old 
Stone Age habits to modern civilization. 
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represented by nearly five 
ime since Darwin made it 


vince the discovery of America 
is represented; by about onc- 
'>yS'l"ninch Magnifybyahundred 
( >nd our inches become centuries, 
(loin the discovery of America to 
f r'em is represented by nearly five 
ihc time since Darwin made it 
for Ks to see our own place in Nature 
i^- ht is compressed into less than an inch, 
r?1 the new discoveries as to the extent 
nature of the universe (which we may 
l)ci;inning with the discovery of 
tdiuni) take up only a quarter of an inch. 

' To arrive at a scale on which we can repre- 
I nt the cvemts of human history, we have 
[ad to magnify our original scale, needed to 
Ishow the life of a star, ten thousand million 
liinies And even to c*>nvert a time-scale 
convenient for geology into one suitable 
‘for history, we must use a magnification of a 
Tiiillion. We are a long way from the old 
view (whicli dominated Western thought so 
recently that there may still be found persons 
who cling to it in spite of all evidence) 
that man’s home is the centre of the universe, 
and that his creation, only a few thousand 
years back, was simultaneous with the 
beginning of the whole world. 

The great bulk of the physical universe 
exists in the form of wandering radiation, 
not of mat ter ; of matter, all but a tiny frag- 
ment is in the interior of stars, at appalling 
temperatures in the neighbourhood of forty 
million degrees centigrade, and quite incap- 
able of supporting life of whatever, descrip- 
tion, since, as Jeans says, “ the very concept 
of life implies duration in time ; there can 
be no life where the atoms change their 
make-up millions of times a second, and 
no two atoms can even become joined to- 
gether. Primeval matter must go on trans- 
forming itself into radiation for millions of 

Explanation of Scales in Fio. 206. — Each column is 
on a scale magnified 100 times more than the one to its left- 
jnd Column [A) gives the lowest and highest possible 
nUsfor the origin of our sun from a spiral nebula {according 
On this scale the age of the earth is so small 
U cannot be indicated. {B) gives the last one-hundredth 
I t time included in (./!). The lowest and highest 
m It age of the earth's origin from the sun are given 
huJ !!!k r Column (C) gives the last one- 

mu- ^ geologicd eras and a few main 

of life are imiicated on it. Column (D ) , 
Pluir^n^^L^f iimesy does not include quite all the 
to have begun about 10 
kt A a ^ beginning and ending of the 

Clolumn (E) gives the last one- 

'^aredtfi of t,P /n\ 'A-r .l. , 


kndrfM V/ Ctolumn (E) gives the last one- 

includes the last 

Tlu dah! Age's four periods of intense glaciation. 

mnfJJj historical events are given. Column (F), 
^ Imhef ^ lo Magna Charta. 

^ column 1 00 gives us the period shown 

^ /rpm the end of 


millions of years to produce an infinitesimal 
;^^mount of the inert ash, on which l^e can 
^xist.” Man is an inhabitant of a thin rind 
on a negligible detached blob of matter 
belonging to one among millions of stars in 
one among millions of island-universes. 

And his insignificance in time is as over- 
whelniing as his insignificance in space. 
The time of the universe is almost all spent 
in what to us seem wholly meaningless 
activities. Stars shrink and dissolve into 
radiation. The matter of which they are 
composed is engaged in an atomic and 
electronic dance, frenzied beyond belief, 
but persistent through periods which make 
even the whole past of terrestrial life quite 
negligible. Man is so far from being central 
or essential that the tale which the rest of the 
cosmos has to tell seems meaningless in the 
light of all his ideas and aspirations. If he is 
to find justification for these ideas and 
aspirations, he can no longer seek it in the 
outer universe, but must look within himself. 
Human dignity rests upon nothing but itself, 
and man’s activities must have value in 
themselves and for their own sake if they are 
to have value at all. That is the outcome of 
modern astronomy’s impact upon the com- 
placency of ordinary thought. 


The Setting of the Stage 

So much, very briefly, for the costnic back- 
ground. Next comes the setting of the 
actual stage — Earth. If there is one obvious 
lesson of evolutionary biology, it is that life 
is inseparably interwoven with its surround- 
ings, changes responsively with them, and is, 
indeed, meaningless thought of apart from 
its environment. We shall never understand 
the play and appreciate the crescendo of its 
action unless we see how the stage was 
prepared and what changes were made from 
time to time in the setting. • 

The molten earth, after throwing off the 
moon, cooled down gradually, its lighter 
materials squeezed out to form a crust, 
heavier ones clenched below in the core. 
The surface crust acted like a blanket and 
prevented the heat produced by the earth’s 
internal radio-active minerals from escaping 
as fast as it was generated. Hence remelting 
of the heavier rocks below and their eruption 
as great flows of lava on to the surface, or 
their injection into spaces of lesser density 
in the crust. ^ The weighting-down of parts 
of the crust with these burdens led, it seems, 
to their collapse ; and these down-drapjed 
areas, geologists believe, gave the cartn its 
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first ocean-basins. Meanwhile, great vol- 
umes of water-vapour and other gases must 
have been pouring out, giving earth its^ 
primordial atmosphere — hot, moist, and 
probably sulphurous. At first the vast 
amount of water-vapour in this steamy 
atmosphere condensed into an unbroken sea 
of cloud, through which the sun’s rays never 
reached the surface beneath. In this stage 
the larger planets like Jupiter have con- 
tinued till this day ; we do not sec their 
solid surface, but only the light reflected from 
their cloudy mantle. 

Rain fell continually from the roof of 
cloud, but was turned into steam again 
before it reached the surface of the earth 
below. Finally, however, the crust cooled 
enough to allow the still liquid rain to splash 
upon it and rush towards its lower hollows ; 
and so the seas gathered about the earth. 
As more and more of the water-vapour of 
the atmosphere was liquefied, the cloudy 
mantle thinned and finally tore, admitting 
the first sun-rays to illuminate the surface 
crust below. 

This lighting up of the stage was not the 
signal for life to appear : Evolution does not 
work so dramatically. But from the moment 
the first water could run on the hot surface 
of earth, sedimentary rocks could begin to 
be formed, and salt, dissolved out of the crust 
in the run-off of the continents, could be 
trapped in the oceans, which in the beginning 
must have been practically fresh. In all 
probability a very considerable thickness of 
rock was laid down before the slightest 
intimation of life appeared ; for all the 
evidence points to primitive life having been 
adapted from the first to a sea already salt. 
But the sun-rays, all the same, seem to have 
had much to do with the origin of life so 
soon as the conditions became favourable. 

§ 3 

The Origin of Life 

The actual origin of life must always re- 
main a secret : even if man succeeds in 
artificially making life, he can never be sure 
that Nature did not employ some other 
means. Some thinkers have supposed that 
life was carried to this earth in a dormant 
state within meteorites. But this is to think 
timorously and to balk the issue ; it only 
removes the problem of life’s origin one step 
farther back. It does not absolve us from 
asking how and when life originated, but 
merely introduces an extra difficulty. 

It is much more likely that at one moment 
in earth’s cooling-down, the warm seas 
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provided an environment 
to be rep)cated, an environmeru (lifT' 
temperature, in pressure, in tho ^ ' 




the waters, in the gases of the 


'atnir.spiier. 


withi 


the waters, from any earlier ,, 
environments. The earth at that 


rove 
‘ny latf 


fulfilled all the conditions which ihcTU'” 
ists tried to repeat in their cruciiil,-. ‘‘ t " 
a cosmic test-tube, whose pariin,i,/u ' 
led to the appearance of livit, t 
inevitably as an earlier and diircr™t =? 
conditions led to the formati,,,, of rll 
and seas and clouds. 

Let us remember that there arc no i 
ments in living matter which an^ not fon 
in Its lifeless environment ; that the eno ! 
by which life IS operated is not any mvstp 
nous vital force,”* but is the saniccnl! 
(we have produced the energv lialanct 
sheet for our readers’ inspection) by whirl 
the simplest physical and chemical trans 
formations are worked ; and that the chem 
ical compounds found in living bodies anc 
as yet unsynthesized seem to differ onK 
in their complexity from those we car 
already put together in test-tubes and thosi 
that exist as not-living matter. The om 
distinguishing feature of living matter is it 
capacity for self-reproduction. But th 
chemist can tell us of numerous chemicj 
reactions which, given proper conditions, ar 
self-continuing in the same way ; the oiil 
difference is that the chemical transfornfi 
lions of life can reproduce themselves ovt 
a wider range of outer conditions than ca 
any of those lifeless reactions. 

Let us also remember that the stale ( 
not-living matter which we meet with i 
our earth’s crust is altogether cxcepliona 
In the first place, the physicists are findiri 
out that matter and radiation are up to 
point interchangeable, both aspects ol 
single physical reality. The main quantit 
of this reality does not even exist in the forr 
of matter at all, but of intangible radiatio 
streaming in all directions through span 
When we come to matter, the great bulk of 
is in the unbelievably hot interiors of star 
and here, as Eddington tells us in his Sta^ 
and Atoms, exists for the most part in the forr 
not of atoms as we know them, but or w s 
he calls “ unclothed atoms,” with their nn^ 
of electrons stripped off. Even at 
faces of most stars, matter is so hot that a o 
can never stay combined. And, as - J 
Henderson points out in his book, The 'r ^ 
of the Environment, most of the substance 
familiar to us on earth can only ° . 
once liquid water is there to act as c e 
go-between in the task of building them V 
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, r „i£l .Iter can only exist in a very few 
ate l‘'l, spots in the whole universe, 
ant* isot‘ . ^ of naked atom-nuclei ♦ 

' , l.ibout electrons— the commonest 

J .'nn tn 

of simple compounds ; matter 
jin fn,.,,, of the special compounds that 
watif for their formation— a rare 
• ■ ni.ii'cr in the form of the self-repro- 
: very complex units that we call 

p' -it scons to be a continuous series, 

“ fli tenn in it coming inevitably into exist- 
ol'irc as the ronditions in the cosmic test-tube 

*'' lnany case, the great majority of biologists 
„,e in ihinking that probably all the life 
lL the earth had its origin from the matter 
of the earth at a definite time in the earth’s 
histoiy- Where opinions differ is as to the 
iforin in whicii this primordial living matter 
i appeared. Some biologists, like Sir Ray 
I I'anke.stcr, have suggested that the conditions 
I JeiT such as to call forth sheets and blobs 
; of protoplasm-like substance, some of which 
just failed of self-reproduction and lost life, 
but served as food for the one or the few 
which could be called actually alive. 
Others have supposed that the earliest life 
was plant-like in its nutrition, either equipped 
with chlorophyll from the start, or, like many 
modern bacteria, capable of living on air 
and salts and water without being green. 

However, of late years two discoveries 
bve been iiiade which seem to shed light 
on the problem, and suggest a third solution. 

; One is the fact that light, even without 
dilorophyll to act as a transformer, can 
effect various chemical syntheses. Under 
ihe influence of light, small quantities of 
''Unit's and other organic substances, some 
ol them nitrogen-containing, are generated 
ffnin a mixture of such simple substances 
ns water, carbon dioxide and ammonia, as 
Professor Baly of Liverpool has experi- 
mentally shown. 

^uch substances are presumably being 
manufactured to-day in sea-water, but in 
^imch smaller quantities. For it is the 
u tra-violet waves of light which are active 
this chemical transformation, and most of 
mm are stopped in our present-day atmo- 
sp eie by the oxygen in it. In those primeval 
joes the ()xygen-content of the atmosphere 
lower, perhaps almost absent, 
so the light could get to work to some 
to-day any of these sul^stanccs 
bv formed are quickly absorbed 

evm of living things that 

or got rid of by decay, 

IS our way of saying that they are 


broken down by bacteria. But before there 
were any living things to absorb them or 
break them down, they must have accu- 
mulated until, as J. B. S. Haldane puts it, 
“ the primeval oceans reached the consis- 
tency of hot dilute soup.” 

Any chemical compound which had 
reached the borderland between dead and 
living and had acquired the property of 
chemical self-reproduction would have found 
in this soupy sea abundant food and stores 
of potential energy to support it, while it 
(or rather, no doubt, one survivor among a 
host of descendant streams, most of them 
unsuccessful) evolved into something really 
alive. 

And the other discovery is that which we 
have already mentioned in Book 2, of things 
which are in truth on the borderland 
between dead and alive, the bacteriophages 
or bacterium-consumers. These ultra- 
microscopic units, it will be recollected, are 
able to grow and multiply so long as they 
are given a supply of living bacteria to 
consume. Dead bacteria are, however, no 
good. They can be filtered off from the 
relatively gigantic bacteria and then made to 
attack other prey of other kinds, if so desired ; 
and the numbers of the bacteriophages 
increase rapidly (they can be counted by 
certain ingenious methods) in the process 
of killing bacteria. D’Herelle who dis-. 
covered them believes they are alive, 
because they multiply. Others say they are 
only an exceptionally active kind of ferment, 
which happens to be knocking about in the 
outside world, but is helpless to make more 
of itself except out of matter which is truly 
alive. 

The truth may lie between these two views. 
If living matter has originated from dead, 
then we shall expect that intermediate 
conditions should exist. In these bacterio- 
phages we have perhaps discovered a 
“ missing link ” between the two states of 
matter, as in Archaeopteryx we discovered 
a missing link between two other states 
of matter, the reptilian and the avian. 
If some very recent work is confirmed, it 
will suggest that these entities may be half- 
alive parts of cells which have got free of the 
co-operative restraint of life out into the 
great world ; for it seems that the ultra- 
microscopic bits into which bacteria are 
broken up by bacteriophages may occasion- 
ally persist and join up again to make full- 
size bacteria later. And in any case, as 
Muller suggests, a bacteriophage is in many 
ways like a gene (a lethal gene, it is true) 
got loose. 
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These arc but hints ; but thc^ are very 
' encouraging hints. They help confirm our 
opinion, based on a general weighing of 
alternatives, that, as a matter of history, 
life on this planet originated from not-life, 
that it originated at one phase and at one 
phase only, that it probably originated in 
the surface waters of the warm early globe, 
and that sunlight, that “ only begetter ” of 
all our terrestrial activities, played a neces- 
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in its constraefion than any other suh 
known anywherfii in the universe 
been evolved through billions of 
under the filtering action of Natunl 
tion which has rejected every false 
unsuccessful experiment. We iiPluixr*^ 
the skill of the chemists who build 
and drugs to order, but to build up 
matter, substances as complicated as th 
highest achievements in synthesis" woJld 
have to be used as the 
basic bricks. In an. 
attempt at rnakin 
living matter, 
begin about 


•Fig. 20 J. The sizes of some ultra-microscopic particles ; all magnified 

half-a-million diameters. 

{A) A particle at the limit of microscopic visiorij 0*2(4 across. {B) A filter-passing organism^ 
0 * 1 ( 1 . across {Book 2, Ch. 6, § 8). (C and E) A single gene of Drosophila cannot he larger 
than (C) or smaller than (E), according to our present knowledge ; (E) is also, according to 
Svedberg, about the^ size of the biggest protein molecule known, that of the copper-containing 
substance in snail’s blood. {D) Approximate size of a bacteriophage {page i86), a 
particle on the borderline between living and non-living. {F) A molecule of heemoglobin. 
{€) Smallest protein molecule {according to Svedberg). {H) A simple orgariic molecule like 
chloroform, withfve atoms {CHClz). {J) A simple inorganic molecule — hydrogen gas. 


sary part in its origin. They also hold out a 
hope that we shall one day be able to make 
living matter artificially. But that, if ever 
it arrive, may be a long time coming. 
To be impatient with the biochemists 
because they are not producing artificial 
microbes is to reveal no small ignorance of 
the problems involved. Living matter is 
matter : but it is quite appallingly compli- 
cated matter, many times more complex 
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the modern organic 
chemist leaves off, and 
we begin more than a 
thousand million years 
of evolution behind 
contemporary living 
cells. 

§ 4 

Changes in the 
Terrestrial Scenery 

Living matter once 
formed, it must very 
speedily have begun 
to change its environ- 
ment and render a 
repetition of its own 
appearance improba- 
ble. Whatever life’s 
original nature, thf 
true green plant seems 
to have been developed 
very soon, and once 
developed, its action 
upon the atmosphere 
was very important. 
Most of the oxygen 
in the original atmo- 
sphere had been in all 
probability consumed 
by the uiioxidized 
materials of the groat 
lava-flows from the 
interior. But now 
liberate more oxygen 


green plants which 
than they use for respiration were coming 
into the play. As they multiplied and ^ 
volcanic violence diminished, the air gre 
richer in free oxygen. Most anirnals nee 
free oxygen, and, roughly speaking, 
higher the animal in ^ the 
scale, th^ more oxygen it needs. 00 


those grtiat cari) 
drama, the 


players 
en plants, 


life’s 


historical 


prepai 


tred the 
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f ,i higher and more active or- logical periods have been characterized by 

violent outbursts of mountain-building, while ^ 
balance seems to have in others the lands have been quiet and 
k pretty early. The early land- undisturbed. The earth was comparatively 
^ at k ^ist as far back as the Devonian, quiet through almost all the Mesozoic Era 
)i(‘s their leaves for the exchange (IV), but in the much shorter time from the 
f Cs Ihch were very similar in their late Cretaceous (IV C 3) to half-way 
^ ^ H iix nt and their number to those through the Ccnozoic Era (V), the Alps, 
‘T itdcin plants. This would scarcely the Rockies and the* Coast Ranges, the 
r ^ if die proportion of carbon dioxide Pyrenees, the Caucasus, the Apennines and 
•’^thc air was very different frorq what it is the Himalayas arose in their majesty. 

1 Such times of great mountain-making are 

I if ilie atmosphere changed in this sometimes called Revolutions, geological 
inner, lapidly at first, to settle later revolutions, and there have been at least 
a relatively stable phase, the seas also six recorded in the history of earth (see 
changing, slowly and progressively Fig. 122). The Cenozoic Revolution we 
^.hanging and changing by growing more have just spoken of : closing the Paleozoic 
salty- ^^alt is removed from' the water (III) came another which threw up the 
L l)cing turned into solid layers of the Appalachians ^nd the Hercynian chain 
earitfs crust when seas are trapped and dry whose stumps still appear in the Taunus of 
I m) ; l)iil even so the general tendency of Germany and the Ardennes of Belgium, 
i as between land and water is inevit- Half-way through the Paleozoic, at the 
ablv towards greater saltiness of the water, end of the Silurian (III C), the world passed 
A ])has(' of comparative stability in this through another set of throes, the best 
; planet’s story was beginning at the very known product of which is the Caledonian ’ 
outset of life’s career. Life as we know it chain whose worn-down remains extend 
could not exist at all if the earth’s average from Scotland into Scandinavia. Again, 
icniperaturc altered by 50“ C. either way, just before the dawn of the Cambrian (III A) 
and could not flourish if the alteration up another spasm raised a huge chain of 
1 01 down were more than 20*^. It could not mountains, now planed down, reaching 
\ist if the amount of oxygen in the air was down from Canada into what is now the 
lividecl Ijy four, or if it were multiplied by Middle West of America, and others in 
our, If life is to go on, there are limits Europe and elsewhere. And geologists tell us 
vliich the carbon dioxide in the air and the of at least two others at equally long intervals 
alls of the seas must not transgress. Yet in the dimness of Pre-Cambrian times 
hesf narrow limits of physical and chemical (I and II). 

oiiclitions have never been overstepped for These revolutions are always accompanied 
erhaps a thousand million years ; and, by great emergence of the lands and afe 
:) Sir James Jeans tells us, are likely to succeeded by periods when much land is 
nntimie for anything up to a hundred high and dry. They give place slowly to 
or even a thousand times as long in the times of great submergence, when up to 
future, so steady is the supply of heat from half the available land-surface is covered 
the sun, so nicely regulated the circulation by the sea. Meanwhile, more and more of 
ol water and heat in the currents of atmo- the material of the lands is carried down and 
sphere and ocean over the surface of the deposited in these fringing and invading 
globe, and the circulation of matter, solid, seas ; this automatically speeds up the work 
iquid and gaseous, through the bodies of of erosion. The high lands are more 
living creatures. , speedily cracked and chipped by frost, 

But though the lighting, temperature, the debris of the land is more quickly 
humidity, saltness and pressure of life’s deposited in the waters. And so the 
environment seem to have varied only mountains and the grandeur last but for 
between comparatively narrow and definite a time ; long before the next upheaval is 
mills since life’s story began, that does due, they have been smoothed down and 
not preclude immense changes of scene from transported away, and the relief' of the 
our consideration, changes from torrid heat lands is reduced to a gentle undulation, 
0 icy desolation, from widely prevalent rains with little frost and sluggish streams, 
n ary iind chilly deserts, from towering These great earth-revolutions, with their 
to world-wide sunlit intermediate periods of tranquillity, seem 
j ^ , V to come at fairly regular intervals. The 

t has long been knowitlpiat some geo- interval for those we can date is t'oughly 
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How the outline of the continents would look— Fig. 208 (A) If the lands rose two hundred metres; 
Fig. 209 (B) If they sank two hundred metres. (Inset) A section, running along the equator, across 
the Indian Ocean from Africa to the Malay Archipelago, to show the way in which the edges of the 
continental masses fall rapidly away to ^ ocean deeps. 
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I , ,cji,d and fifty million.' years, of 
"■h tw(': :y or thirty million may be 
t() a Saties of mountain-births, 
'h'lns as imirh again, or rather more, to 
wf.iriii.a-down of the heights, while 
rt-iiiaindcr the lands are both tranquil 

' id 

^Tvhat causes this colossal rhythm of 
L’unenrc not our concern here. The 
aie beginning to offer explanations, 
r ’ those who are interested can consult 
fflnies’s (if Earth, or Schuchert’s 
\rjy fjifth and its Rhythms. What does 
concern ns *s the fact that these revolutions 
have the profoundest effect upon life’s 
drvclopmnit. They cool the world ; they 
can cause ice ages ; and the elevation of 
lilt' land which accompanies them brings 
local aridity and a sharply zoned climate. 
Such times, as may be imagined, are 
ciiii(.il times for the world’s living inhabi- 
tants. They arc times both of destruction 
and of progress. T’he specialized and the 
bulky and those that arc pleasantly adapted 
loiily tothe long epochs of smooth conditions 
ait overtaken by disaster and extinguished 
ioi 111 ought low. But their very destruction 
irivcs opportunity to smaller and less special- 
ized creatures, which have been hardy or 
quick-witted enough to make a place for 
ihenisclvcs in the shade of the vested interests 
of eailier life ; and new adaptations are 
forced by necessity on to many survivors, 
ilouis, as we shall sec illustrated again and 
again in the course of this book, that these 
rhythms are always followed not only by 
widespread extinction, but also by the rapid 
advance of some new and abler type of 
animal or plant machine. 

But besides this greater rhythm, there is 
another, of smaller periods and more irregu- 
lar, but also of the greatest importance in its 
efiects on life. This is the rhythm of 
Slight sinking and rising of the lands, 
he mam ocean basins and the main 
wntmental masses that stick up from their 
cp IS seem to have kept their positions 
ou much shifting during earth-history, 
perhaps that fragments of the continents 
ocean foundcrcd and become 

S ' CY^r. But much of the 
and i^tasses is close to the water-line ; 
^ thaf region is always changing, 

of tlip ^ considerable area 

shaUow IT""*!!?, '" 1 ‘h 

"hoie ’• "'I'* others almost the 
Water fP,' may stick up above 

7 h T 208, 209). ^ 

^ shallow 

Ptit through a time of reduced 


temto^j when it is down, the same 
nolds for animals and plants that are fully 
adapted to dry land. When lands are up, 
there arc bndges from one continental 
mass to another, for land creatures to pass 
oyer; when they are down, the bridges 
disappear and each separate area becomes a 
centre of local evolution. It is possible, too, 
as Joly suggested in his Surface History of the 
Mrth^ that Wegener’s theory of Continental 
Drilt may apply during the revolutions, 
and that at such times the continents may 
not be fixed in place, but may b|p shifting 
gradually, floating so to speai^, upon a quasi- 
fluid mass below, like rafts floating upon 
extremely viscid tar ; and if so, that they 
may shift slowly from one position to another 
upon the face of the earth, so that an old 
connexion may be severed and a new one 
made. But that is another and more 
speculative story. 

We live now in a time of almost maximum 
emergence. We can picture to ourselves 
what submergence must mean to land life, 
if we t^ to imagine what would happen to 
humanity if the land-area^ of the world was 
reduced by one quarter. And let us 
remember that when the next cycle of 
submergence falls due, the land-area of the 
world undoubtedly will be reduced by at 
least a quarter. T'hat will not be for a time 
to be reckoned in millions of years, and the 
nibbling away of the land will be very 
gradual. But the resultant competition will 
be keen. 

In Evolution it is the changes of climate 
which arc important rather than the abso- 
lute temperature or rainfall ; and these 
changes, according to such careful investi- 
gators as Brooks, are due in the main to the 
earth-movements that bring about changes 
in the distribution of land and sea. 

When much land is out of water, the 
general temperature of the world will be 
lower and the climate of the lands will be 
of the continental type, cold in winter, hot 
in summer, and comparatively dry. I'he 
greater the elevation of the land and the 
higher the latitudes in which it happens to 
be, the greater the effect on climate ; Brooks, 
in his Evolution of Climate, gives some figures 
showing how great it can be. If the whole 
great belt between 50° and 70*" North 
latitude were ocean, then, it can be calculated, 
the average January temperature in its 
centre would be 29° F.—only just below 
freezing ; and the average July temperature 
41°— only 12° higher than in winter. If 
that whole belt could be made land, the 
July average would go up about 30°, the 
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January average fall by about 6o°, giving 72° 
and— 30° F., or a range of over 100®. The 
effect, too, is greater as you go from equator 
to pole ; that is to say, a world with much 
land submerged will have a comparatively 
uniform climate, while one with much land 
out of water will be sharply zoned into 
tropic, arid, temperate and polar belts. 

The climatic effect of great land-emergence 
is largely due to interference with the world’s 
heat-circulating system. It alters the circu- 
lation of the air— a complicated affair whose 
explanation we must leave to the meteor- 
ologist. *And it alters the circulation of the 
waters. Whcn*seas are broad and there exist 
neither polar continents nor land making 
a ring round an enclosed polar sea, there 
is constant circulation, warm water flowing 
polewards along the surface, there being 
cooled, sinking to the bottom, and drifting 
back along the ocean floor. No sea- ice 
can form near the poles, and warmth-loving 
creatures can venture right up into the seas 
of the Arctic Circle. 

But when, as in the northern hemisphere 
to-day, the polar, waters are hemmed in by 
land, the circulation is impeded, and ice 
can form over the Arctic Sea. A large 
extent of high land at the pole, as in the 
Antarctic to-day, will also inevital)ly get 
ice-covered ; and ice, whether on land or 
sea, at once lowers temperature. If our 
imaginary belt from 50° to 70'’ were entirely 
land, but entirely ice-covered, this would 
have little effect upon its winter temperature, 
but would bring the summer temperature 
down by some 50^^ to 23^ F., or 6° lower than 
its winter temperature would be if* it were 
all water. 

Thus the surface of earth is constantly 
changing in a slow and not irregular 
rhythm. The waters invade the lands ; the 
lands emerge. The climate passes from mild 
and oceanic to severe and continental, 
from wide uniformity to sharp zones and 
back again. And every change has its 
repercussion upon life. 

But space forbids our elaborating this 


record of the changing scenes and cha • 
conditions which We tested tl,(^ 
of life and obliged it to devcK))) it. 
bilitics. It is still premature to thin/? 
detailed account of the chantrt s of pI- ^ ‘ 
which have befallen the earth. For 
purpose it will be enough if we di .1 w attenr 
to the occasional times of stoss wh' ! 
befell the planet, times of cold 01 drouS 
which spelled either extinction oi' nrofrrovci 
evolution for life. For the rest, lot us reme 
ber that these periods were rare, and tha 
for most of geologic time the climate ha 
been warm, with equable conditions extend 
ing much farther polewards than to-dav 
and that the scenery, compared to tha 
which we enjoy, has mostly been wha 
we should consider dull with low-lyini 
lands, mountains worn down to slumps 
sluggish rivers, and often great lagoons an( 
marshes. 

And now, having discussed the mail 
changes of scene, we are going to trace soim 
of the main ventures of living matter i| 
adaptation to these changes. Life began ii 
the sea and we shall begin with a discussioi 
of its opening phases. Thence we sha! 
proceed to the history of the higher group 
of sea creatures. But life touches its highes 
levels on land ; we shall go on to an accoun 
of the invasion of the land - a veiy slov 
but curiously interesting process accoin 
plished by a number of independent invader! 
Next will follow an account of the Middl 
Ages (IV) of life — its first great blossomiii 
on land and in the air, and then of the ris 
of Modern Life (V), and how it replaced th 
old and worked up to its own new strung 
climax — ourselves. There came a time whei 
one line of evolving creatures developed 
new way of life as different from all tha 
had gone before as is life on land froii 
life in the water. This new way of lit 
was based on reason, speech and tradi 
tion, and the creature that? took to it i 
called man. Our last chapter will dea 
with the dawn of man upon the marvellou 
ascendant drama. 
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CHAPTER 2 


LIFE BEFORE FOSSILS 

j fke Earliest Life. § 2. Union is Strength : the Building of the Plant-body, 
q Marti'ias and Marys Among Cells : the Origin of the Higher Animals. § 4, 
m Firs! Brains. § 5. Blood as a Step in Evolution : the Cdomates Appear. 


§ « 

' The Earliest Life 

T he grander chapters of the 

history of life are based directly upon 
[he testimony of fossil remains, which are 
ap so many stepping-stones leading us 
hack into tlie past. But in ages before the 
Cambrian, as we have seen, these fossil 
[acts art* very scarce, and in the earliest 
times they fail us altogether. Yet, though 
ive have no direct evidence bearing on life’s 
Early history, that is not to say that we can 
form no idea of it. We can do so by falling 
back upon indirect evidence, such as we 
!ft forth in Book 3, especially^ the evidence 
3f comparative anatomy and that of embry- 
ology. With these clues to guide us, we 
[an deduce a great deal of what happened 
in those })larik ages when the fossil record 
is silent, just as a skilful detective can recon- 
struct the events leading up to a crime from 
jclrcumstantial evidence. Thus tentatively 
Ld rather speculatively let us sketch out a 
Bridge to s})an the formidable time-gap 
letween the first appearance of life and its 
laried abundance in the Cambrian (III A) 
ha gap of at least five hundred million 
^cars. 

Whatever the form in which life first 
appeared, we can be reasonably certain that 
most of the life-stream soon organized itself 
into small units, reproducing by equal 
division. For a large part of that monstrous 
interval of time the structure of the cell 
ind the mechanism of its nucleus was being 
itcadily evolved. Every few hours a new 
generation of these units was subjected to 
approval or condemnation of Natural 
^ eclion. These earlier ancestors of existing 
must have been either cellular 
J t eir construction, like the Protozoa, or 
a we may call sub-cellular, without any 
lenmie nucleus, like the bacteria and 
P ochastes and filter-passing viruses. 
imJ fairly sure that there very soon 
lahit differences in feeding 

if ever since marked the lines 

ife. between the major groups of 

incrtrv exploited the sun’s 

^ sL \ chlorophyll, the earliest 

P green plants. A second group 
dd ' 


exploited the first, devouring what had 
already been manufactured instead of setting 
up manufactuie for themselves ; and these 
were the pioneer animals. A third, com- 
prising bacteria and their predecessors, 
lived in all sorts of strange ways, exploiting 
— or, to be more exact, inventing-^ecay ;,,or 
thriving in out-of-the-way chemical environ- 
ments, such as those rich in iron or sulphur, 
some living without oxygen, others extracting 
nitrogen directly from the air. To them 
must soon have been added the first simple 
fungi, plants which apparently gave up their 
original green independence to absorb the 
rich products of decay or to suck food from 
other living bodies. We can guess that in 
those early experimental times all kinds of 
intermediates existed, combining different 
methods ; and indeed some of these have 
representatives still living, half plant and 
half animal, like Ghlamydomonas (Fig. 

1 15), or half green plant and half fungus, like 
some other flagellates. 

Doubtless this primitive cellular and 
pre-cellular life radiated out slowly, age by 
age, into much of the variety we see to-day, 
and there appeared amoeba-like forms and 
radiolaria, flagellates and ciliates, diatoms 
and blue-green algae, and many kinds of 
bacteria. And doubtless a huge variety of 
unicellular experiments of the most extra- 
ordinary sort were evolved and perished 
again. After the account we have given of 
mitosis, of chromosomes and genes, it should 
be clear to the reader that this phase of the 
evolution of existing cell-structures, minute 
as they are, such as we find in all the multi- 
cellular creatures, was as great a step from 
the first unorganized specks of living matter 
as the step from the finished unicellular 
organism to man. 

§ 2 

Union is Strength : the Building 
of the Plant-body 

For all its variety, life that reaches no 
higher than the cellular level must remain 
primitive and feeble, for the reason that its 
units are, and must remain, so small and 
so simple in, their reactions. The next 
great step onward was the establishment of 
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larger units. Undoubtedly life made experi- 
ments along many different lines towards 
this end. Sometimes the cells themselves 
were enlarged, and their nuclei multiplied, 
as may be seen to-day in many Foraminifers 
and Ciliatcs ; but there is a mechanical 
limit to such a process, and only a few cells 
have reached a size to be measured even in 
millimetres. Or, as in Slime-moulds (Book 
2, Ch. 6, § 6), they merged together and lost 
their individuality in a common mass of 
living protoplasm. But this too leads to a 
dead-end — organization is impossible in such 
a mass, and nothing more than a sheet of 
slime has come out of it. 

But union is strength, and cells can unite 
without sacrificing their individuality. After 
cell-division, the daughter-cells can remain 
attached, and so large groups of cells can be 
built up. The simplest of such groups are 
the chains made by many kinds of bacteria 


and blue-green algee and the flat irreoui 
cell-plates produced by various gi ren fla T 
lates. Besides these, sedentary protoz 
often form branched colonies with a cell^ 
unit at the end of each twig, and a few activ 
flagellates also stick together to free^. 
swimming colonies. And there ai c fiagdlates 
with a rhythm in their life-historics-firsl 
free and then fixed in colonies, then free 
again, and so on. In Figs. 115 and 21 1 th^ 
reader will find some of these primiuve 
aggregations. 

Higher plants in all probability arose from 
chain-like colonies. The Thread-alga Spiro- 
gyra (Fig. 21 1) is a lowly plant whosp 
cells have thoroughly adapted themselves 
to a permanent end-to-end existence. In 
most lower seaweeds and fungi, a filameni 
such as this, built of a single row of cells, 
is the fundamental unit of life ; and n 
often remains so even when the ouin 



Fig. 210. Sojve of the forms into which iingle-celled life has evolved. 

(. 4 ) A Flagellate^ Trichomonas, from the mouth of man ; it has three whiplashes {one two-thousand-fa^oidiedlh ('? 
an inch longf {D) Cryplodifflugia, a creature like Amoeba, but with a horny shell {one two-hundredth of an tnch lo'K 
(C) A Radiolarian from the open sea, with a flinty skeleton and a network of fine threads of living substanu' f 
tiwhundredth of an inch long). (D) A Sporozoan, Corycella, a parasite in the intestine of the whirligig watcf-beOf 
it hangs on with its hooks. {E) A Foraminiferan spreading a net of protoplasm. {F, G) Two kinds of Sun 
surrounded by rays of living substance on thin spikes {magnified about 350 times). {H, J) Two singh-edhd 
organisms, of the group Desmids. [K) Another single-celled plant, a brownish Diatom, moving by 
microscopic punt-pole'' of thick sltme that hardens on contact with water. {L) A Ciliate, Vorticella . 
one five-hundredth of an inch long. {M) Another Ciliate, Stylonychia, crawling with its bristles composed oj 
together ; about one three-hundredth of an inch long. {N) A Flagellatf%with a collar. { 0 , P) Twoform'>ofAma: 

For fuller references to all the above, consult index. 
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Fig. 2 1 1 . Co-operations of cells. 

\.]i A colony of collared jiagellate\ {each one like a single collared cell of a sponge- Fig. 103 ), magnified about 500 
dimders. (/?) The marine jlagcllale Ceralium multiplies hy fission ; sometimes the individuals stay temporarily connected 
m dial ns [magnified about 80 times). (C) A portion of a filament of the thread-alga Spirogyra. The cells are joined 
mil lij end. They have a spiral green band running round them. A single thread is jud distinguishable to the naked eye. 
/)) A half-way stage to the thread-alga. Chlorodendron if a colony of green cells that live at the end of empty jointed tubes 
mi sometimes break off and move away. (E) A floating colony. Collozoum consists of hundreds of Radiolarians jointed 
tuiidher into gelatinous sausages up to two inches long. (F) Part of a colony of Dendrosoma. Each “ individual ’’ 
has a crown of suckers^ and many grow nearly one twenty-fifth of an inch high. They are all connected by living tissue. 


appearance of the plant betrays no trace of 
It. The elaborate fruiting arrangements 
that we call mushrooms and toadstools arc 
nierc felt-works made only of an interweaving 
of separate filaments, and the same is true 
: of almost all red and many brown seaweeds, 
hi all higher plants, on the other hand, from 
mosses upwards, the single cells are cemented 
together, and there is no trace of separate 
lilaments. A woven wattle construction, so 
to speak, has been abandoned for solid 
hrick-and-mortar. Only in the higher sea- 
weeds, such as the bladder-wracks and 
haminarias, is a beginning made with this 
new type of construction. In green plants, 
the passage from one method to the other 
t^karly took place in the seaweed stage, and 
'^tis a necessary preliminary to the attain- 
nient of great size and to success On land, 
fhe early water-plants soon began to 
I show division of labour among their parts, 
j tn most seaweeds, the plant-body, no longer 
I t:onfiiied to the surface between rock and sea, 
sticks boldly out into the water. But to do 


this it must develop organs to attach itself. 
I’hese are not, strictly speaking, roots, for 
they are not concerr^ed with the absorption 
of food materials ; they serve only the 
mechanical function of anchorage, and may 
Ije called hold-fasts. A stem too may be 
evolved to connect the hold-fast with the 
expanded food-manufacturing part of the 
plant nearer the light. And there arc 
special regions set apart for reproduction. 

No longer are all the parts of the plant 
actively engaged on the task of making food ; 
and so some means of internal transport must 
be evolved. This is already present in 
some of the higher seaweeds like Laminaria, 
in the shape of so-called sieve-lubes — minute 
cylinder-cells joined end to end, with 
perforations like a sieve’s, putting each one 
into communication with its two neigh- 
bours. Along these living tubes food-stuffs 
can be passed slowly from one end of the 
plant to the other. 

Of wood, of true roots, of bark, of real 
leaves, of flowers or seeds, no trace was 

403 



BOOK 5 


THE SCIENCE OF LIFE 


2 


developed in the sea. Their evolution took 
place m what we may call historic times. 
For all that, the plant-body found in some 
of the higher seaweeds is fairly elaborate, 
and may be very large (the giant kelps of the 
Pacific may reach six hundred feet) ; and 
to this pitch it is probable plants attained 
before the full fossil record begins. 


§ 3 


Mfirthas and Marys Among Cells : 

of the Higher Animals 


the Origin 


But ^hains and filaments, though they 
serve a plant’s turn, are no use to the average 
animal, with its need for activity and 
accurate movement ; and only in a few 
parasitic protozoa are such chains of animal 
cells to be found. 

We are very much in the dark as to how 
the many-cellcd animals arose from their 
single-celled ancestors. Presumably the first 
step was some kind of colony-formation. 
But we cannot be sure whether these first 
aggregates were fixed to rocks or weeds, or 
-swam freely in the open water. Probably 
the former is true. But in either case the 
salient feature must have been an incipient 
division of labour among the members of 
the little cell-community. Even the simplest 
sponge has at least three main kinds of cells 
— outer cells forming a protective layer, 
flagellated cells sweeping in food, and 
amoeba-like cells from among which are 
recruited the reproductive gamete-producers. 
If we may judge by protistan colonies, the 
first step in the division of labour is usually 
between the soma cells, the Marthas that 
do the daily work of fhe individual’s body 
and the germ cells, the Maiys, tended and 
looked after by their sisters, which serve 
the more remote ends of the race. 

A beautiful example is seen in the green 
flagellate Volvox, whose globular colonies 
contain over a thousand cells, and swim in a 
co-ordinated way, with one part always 
foremost. But this creature, though it 
helps us to visualize the sort of way in which 
the gulf from one-celled to many-celled 
must have been bridged, is probably not 
very like the actual ancestor of either higher 
animals or higher plants. 

What is reasonably certain is that of all 

the many attempts of ammals to solve the 

fiddle of a larger life, only two succeeded — 
those that originated the race of sponges, 
and those that gave rise to Coelenterates, 
and so to all other Metazoa. Apparently 
these evolved quite separately. Sponge 
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4id not give rise to polyp nor poK n in 
the two sprang i^e%ndently’ frorT.’ 
single-celled forl«ats. ^ ® 

Of these two experiments the 
the less successful. They are one it 
bHnd alleys. T^cy have surceeded '' 
colonizing fresh-water as well as all par? 
of the ocean, in assuming an exuaordinan 
divdhity of shape^ in building skeletons S' 
lime, of flinty spicules fine as glass, of hom 
so inimitably delicate that wc choose it 
above all other substances to wash our faces 
with ; but they have remained permanently 
rooted to the bottom, they have never 
achieved even the most rudimentary nervous 
system or any effective unification. 

This doubtless is largely because thev 
have no single mouth, but only a mulu- 
plicity of current-orifices. The coelen- 
terates, on the other hand, the rival e.xperi- 
ment in animal-building, were more pro- 
gressive. They specialized their tissues and 
anatomical parts more thoroughly. They 
acquired a true mouth opening into a 
digestive cavity, and they must soon have 
achieved a simple net-like nervous system. 
Nerves are the telegraph wires of the bod), 
and their invention meant a speeding up 
of bodily reactions and a new avenue by 
which part could communicate with pan. 
They pulled the body together just as the 
telegraph pulled our world together. When 
these possibilities of rapid intercommuni- 
cation had been discovered the region round 
the mouth soon inevitably became special- 
ised, with organs for the capture of prey, 
sensory cells for testing the food when cap- 
tured, and a greater concentration ol the 
nervous network. And so, even at this earh 
stage, the way was opened for that long 
evolution which has led up to the building 
of a head, and thus up to the human lace 
and brain. 


§ 4 

The First Brains 

All coelenterates are headless ; and their 
symmetry is what is termed radial. More- 
over the simplest members of the phylum 
are sessile like sponges. True, their fixation 
is not permanent, they can crawl about 
little if they choose and change their pitch , 
but they never hunt or browse. 'I hey lee 
bv ^ to cam 

whatever chances by.- Thus, 
the early coelenterates must av 
Presumably they took smaller fry ^ 
descendants do to-day-Tsmgle-ce e 
or early experimenung tree-sum 
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colonifs I'T crustaceans and so oj*, 
nourish a modern polyp had yet to 


which 
appeal- 

The IK \t Rreat steps to be taken were first 
unstic k the animal from the bottom^ 


§ 5 
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' M,iM****** . cue UOUOmi 

emancipate it from its *«edentary habits, 
^ send n freely adventuring through the 
ca ; and secondly to confer upon it a bi- 
' - ”imetry like our own, with back and 

t and Ipff — fnr TAritl-i/Mif 


,atcral s\ intiiv^vx ^ *^v , 

belly, right and left— for without such sym- 
metry vig^orous loco- 
motion is apparently 
impossible. All the 
swiftest machines of 
iravd-'ships, a e r o - 
planes, motor-cars— 
are bilaterally sym- 
metrical, and so are 
ihe most active 
inimals. 

Jelly-fish and 
iphonophores, some 
ea-anemones and the 
.\tinct Graptolites, 
re all coelcnterates 
’hich emancipated 
icmsflves from the 
ollorn ; but they 
■tow no signs of 
liilateral symmetry, 
and arc side-branches 
which have never 
giern rise to anything 
above the coelcnterate 
level. 

Probably the first 
I'vo-sided animals 
were not unlike the 
^’<^tworms of to-day. 

1 hey tf)ok to crawling 
on one side only of the 
oody and with one 
^nd always in front, 
his wa.s accompanied 
J) lurthcr advances in 
7' specialization of 
Paris. The hind 
7'^ame a passive 
jrqmescent follower. 

inH n ^ concentration of sense-oreans 

eeXr.tr.'" *ere bfgan 

liui t-'"" and brain, 

unifiraf’ process of concentration and 
St’" at length 

^haviour of animals. 

'’"portant how vitally 

'“"sider onlv tt, ‘ '^as, we will 

^''''ral ronstmetr^^^'P® 

Hsoflifr,i-Xt / animals and the 
mey opened up. 


Blood as a Stop in Emlution ; th 
Cdomates Appear 

new^eveloped 

head and nervous system and middle layer 
of cells, had no blood-system. It is becausi 
of this that they have to be flat-so thL 

the hfe-giving oxygen of the water round 



Fk- 'z . a. Improvements in the construction of the nervous system 

nams of the nervous svtumr nf ■ t a \ - t 


n- oj me nervous s)>stem 

Diagrams of the nervous systems of: M) a Polyb such at nh,u^ rv’ v 
nerve^net of interlacing fibres. (B) Of a Plmariar i?i / it has 

syslem, c<misting of two main stramL of nerve-tissue 'the nene c'i 

mth the tram at the front eml From the cenJlZ'v^ "'Z 

ond of en interlacing system of nerves. ^ ^ ^branching 


diem ; it is because of this that all their 
organs must be branched-^o that therf s 

'’■r kind of organ ncatwk 
of all the others with which it may have to 
ca^ on chemical trading. However, the 

natworms are the simplest known creatures 
to have a regular excretory system. The 
anraal is drmned as you wodd drain a 

fntn rhi ’'“""‘"S ‘Irams from the outside 
into the soggy interior. 

The next great step was the development ^ 
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of blood and the tubes for it to flow in — 
transport system and marketing facilities in 
one. Equipped with a blood-system, animals 
can grow bulky in three dimensions, and 
yet have their organs compact and solid ; the 
blood can bring oxygen to their most interior 
regions as readily as trains can bring fresh 
fish from the sea to Paris or Berlin and the 
all-pcnetrating blood-vessels can act as go- 
betweens even for the remotest organs. 
So we get the possibility of solid animals like 
the round-worms. 


chapter 


'he bod^. 
space ,n 



{A) 

(B) 


lug, 213 . Improvements in the constructional plan of animals. 

A primitive sponfri with many small apertures Jar intake and one large one for outflow. 
A simple polyp such as llydm has a digestive cavity with only one apeiture and no packing 
between its wall and the skin. (C) A simple flatwoim. The digestive cavity still has only 
one aperture, but it is sepamted from the body-wall by a packing of connective tissue with 
vartom organs ernbedded w it. {D) A segmented worm. The digestive tube has two apertures, 
and IS separated from the body-wall by a space, the ccelom (which in these animals is sub- 
divided by membranous partitions). 

In roundworms another innovation 
appears. In lower animal types, the undi- 
gested residues go out by the same door 
through which the food is taken in. But 
soon the digestive tube acquires a second 
opening, the anus. The original orifice 
for the first time becomes only mouth. 

This has obvious advantages, making it 
possible for the animal to feed continuously 
and to have its originally simple intestine 
specialized into a succession of regions, each 
with its own particular use in digestion or 
storage. 
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Next came the formation 
cavity or coelom— the water 
which the organs of our chests " 

are suspended. This water-jackr't m ^ 
intestine and body-wall m^e ItidenlVh' 
of each other’s movements ; v<- Ilk l"' 
coelomate animals (and the (treat m, 
many-celled animal groups^ are 
can have our intestines writhing aw-iv fi.*' 
us, churning the food and passiaa j, ‘ 
way, while preserving our outer abdonl'inai 
wall impassive. Moreover, the fluid in S,' 
coelom, will, iu ' 
numerous scave,,. 
ger-cclls likf 
white blood. 

corpuscles, ran act 

as a sanitary coi. 
don to prevcm 
any bacteria 
escaping tlirouirh 
the gut-wall iiu„ 
the rest nf the 
animal's tissues 
From so m e 
worm-creatiiK' 
such as this, wul, 
Central riervdus 
system, lilood- 
lubes, and tubular 
gut open both be- 
fore and behind 
and runniu<r .1 

large part ol 
course throu^i;h a 
ccrloni-jacket, all 
the higlier gioup^ 
of animals musi 
have branched 
out. 

One mam line 
gave tlie world 
such diverse cica- 
lures as eaitli- 
worms, molluscs, 
all theaithropods, 
and probably the ^ 
tiny wheel-animals or rotifers as well. The 
molluscs and the worms, for all the difler- 
ences between them, show such extraordinan' 
and detailed resemblance in their larvae and 
early development that they must havr 
sprung from a common stock. The priaii' 
live mollusc’s chief biological inventions 
(we use this convenient phrase as a meta* 
phor, without meaning to imply any 
thought or design on the evolving animals 
part) were the flat muscular foot, whose 
waves ^ contraction sent the anima 
gliding along over the bottom, and the 


life before fossils 


over the hump, into which 
n-,< t‘iit)dy was up-arched ; and they 
"‘''/dr Vlopeci special plumy gilU to oxy- 
ih. ii Wood. In a stage scarcely 
than this we find their 
""''’•I m tiu C^ambrian rocks ; and in the 

r'nbriiM 


^ The bristlc-worms, on the other hand, set 
ilonir a different road. They became 
' merited : in other words, they multiplied 
t niiddli' part of their bodies over and 
■,r aeain, Ihting in a whole set of trunk- 
Irions between the little brain-containing 
!,p in front of their mouth and their hinder 

"\la„y ^vx)rms propagate by transverse 
i.Mon/inid, as we h.ye seen (Fig. 97), 
omeliines lire separation of the halves is 
,,,n,rdcd so that temporary chains arc pro- 
j„(Vtl and often the development of heads 
„ the binder members of these chains is 
uiilv or wliolly suppressed until after 
1,,^ bi'coine separated. Wc may hazard 
he ^rui'ss that the segmentation of bristle- 
,niins arose by still further retarding the 
p.iratioii ol' the members of such chains 
]\[\ still I'uiiher suppressing the formation 
I lirads in them. Meanwhile, these worms 
hcloped the chitinous bristles from which 
hn lake their name. These, protruding 
rorii special lobes on each segment, served 
h miniature punt-holes by which the wrig- 
lmi> animal could push itself along, or in 
line ras{‘s as oars for swimming. 

In tlu' repetition of parts which we call 
I’niontation lay great evolutionary promise. 
«avf' the animal many of the advantages 
“ 1(1 out by colony-formation without its 
s<id\amages. A colony has as many heads 
It has members ; in it the work of unifi- 


itiou has to begin all over again. But a 
t^nnented worm keeps a single head on its 
’iioiilders ; the multiple trunk is always 
>indn unitary control. By this means the 
^cttnicnted creature not only gains size ; 
It is also provided with a multiplicity of 
siniilar j^arts, among which a division of 
l‘tbour, like that between the different 
of a cell-colony or the many-cellcd 
nienibers of a Siphonophore, can arise. 

From segmented worms, without doubt, 
the great phylum of the arthropods is 
descended. To effect the transformation, 
two main changes are necessary, 
tou have to turn the delicate cuticle of the 


t'^orm into a heavier sheet of chitinous 


^our, capable of acting as a skeleton and 
Providing rigid leverage for the muscles ; 
^itd you jiave to convert the bristle-bearing 


outgrowth on cither side of each segment, 
often an elaborate enough organ even in 
the worms, into a jointed appendage, a 
true limb. You have then a creature with 
endless possibilities of mechanical elabora- 
tion. The chitin armour, though conferring 
great powers of resistance, is yet flexible, 
since it lends itself readily to jointing ; even 
in a tiny arthropod like a sandhopper there 
arc some five hundred separate jointed parts 
in the skeleton. The large and often 
indefinite number of segments of the worm, 
usually all very much alike, give place to a 
smaller and definite number, each with its 
own fixed function. Several segments are 
unified to form a head, some appendages 
Income jaws, others sense-organs, others 
limbs. The details of the division of labour 
have been worked out in a different way 
in each main group of arthropods, just as the 
actual details of government and adminis- 
tration are worked out differently in different 
states ; but that we need not discuss here. 

'J'he transition from worm- type to arthro- 
pod-type was of fundamental importance, 
.since it gave to life new possibilities of elabor- 
ate behaviour and of speed, and so made 
better sense-organs a biological necessity. 
And the tough outside armour made it easy 
for arthropods, when the time came, to 
efiicrge into the air without being promptly 
desiccated. 

With this enlargement of possible activi- 
ties many more water-arthropods than worms 
have abandoned the sea-bottom for an 
active swimming life. But these are for the 
most part small creatures like copepods 
and other whale-food ; the greatest triumphs 
among aquatic arthropod.s were crawlers 
still. The ideal of construction for combined 
strength, size, and speedy swimming had 
not yet been evolved. 

The rotifers are a strangely twisting 
branch of the evolutionary tree. They 
seem to be precocious worm-children, in 
which the bottom-living adult stage has 
been cut out, and the reproductive organs 
made to mature in the liny larval phase, 
in order to take fullest advantage of the 
teeming surface life of open waters. But 
the experiment had only a lukewarm 
success. They specialized in various ways. 
They swarm to-day in ponds, streams, damp 
moss, gutters and such-like places, but withal 
they are tiny and insignificant. They never 
rose to any sort of dominance in the world 
of life. 

A number of other types of coelomate 
creatures went down the evolutionary prim- 
rose path towards a more sedentary life, 
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fixing themselves temporarily or permanently 
and adopting the method of cifia^ feeding 
to take advantage of the rich but tiny debris 
of the bottom zone. Many of these 
developed some sort of tentacles, richly 
beset with cilia to sweep the food towards their 
mouths. One common result of such a way 
of living is the bending round of the digestive 
tube so that the anus opens near the mouth, 
where it can freely discharge its refuse into 
the open water ; and another is the enclosure 
of the body in some sort of protective shell. 
Sometimes, too, the animals become colonial. 
The most familiar examples of phyla which 
have pursued this path arc the Lampshclls 
and the colonial Bryozoa. 

Finally, there remains another main line 
which early branched, it seems, to give rise 
to two very different products, the Echino- 
derms and the Vertebrates. As finished 
products these are even more different from 
each other than are snails and lobsters ; 
however, not only do both of them share the 
unique character of having skeletons of lime 
manufactured below the outer skin by cells 
of the middle layer, but the resemblance in 
various important features of early develop- 
ment between Echinoderms and primitive 
chorda tes, such as Amphioxus, is so striking 


chapter 

as to make most biologists believe th,. l 1 
two groups must have had 


ancestry— though their diverse 




dated long before the first legible 


P^gesofl 


the fossil record. 

Both, too, seem to have bevun ^a- 
feeders. The Echinoderms ( aily bee ^ 
fixed, and swept in their food by 
converging upon the mouth. I n such a sta^ 
we find them in the Cambrian, and 
subsequent appearance of the sluggish but 
freely motile forms we knov\ to-dav ' 
a matter of geological history, not of 
speculation. 

The chordates, on the other hand, tnok 
a quite different path. They developed a 
current-sifting machinery which is muque 
in being internal, a “ gas-mantle ” disteutiou 
of the front end of the digest ivt* tube per- 
forated by slits opening to the outside. At 
first this was a feeding device of the curient 
sifting type and, as we saw in Book u 
presents itself in the most primitive cho^dal(^ 
to-day, but later it was turned to other 
uses. And at the same time these jiioneers 
developed an unique and very iinjiortant 
set of features. They became extrenieK 
muscular, they developed a long elastir 
skeleton-rod, the notochord, clown their 





Fig. 214. The evolution of segmental limbs, ^ 

1/ Th front of a bristle-worm {the sandwormy Nereis) y showing two pairs of its primitive litnh-like ^ 

tdy segments behind the head. {B) The limb of another bristle-worm {the lugworm, ' Oui 

mh nt tkt ^ yhi Swimming foot of the comhed, Calanus. tE) The future ii. 

lobster larva. {F) Tlie same of a nearly aault lobster larva* 
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the muscles could p^l, and world ; the speed and the power thus con- 
^ the body^bchind ferred upon them called for, promoted and 
they ’ i^^ii^which helped them jin encouraged the evolution of better brains 
the ^ sense-organs, better co-ordination, better 

svvimnini^ ^ j evolu- stream-lining of their form, and made it 

Mjitance of this early vertebrate possible for them to reach sizes unattainable 
tioiiao' j^vvimming by side-to-side undu,- by the arthropods, weighted down as these 
invention whole body, like a fsh, or a were with armour, and with armour that 
lation 0 ^ ^ lancelet. It is by far the must be shed and re-manufactured period- 

lamprey^^ strongest method^of progression ically to allow for growth. When it moults, 
untie life has discovered. Its effects an arthropod is soft and defenceless, and 
^nttni throughout the vertebrate frame such a necessary periodic retirement must 
^ " in those vertebrates, like ourselves, always have been a grave handicap to these 
left the sea ages ago. The* notochord, possessors of external skeletons. 

" d^therefore its replacement, the backbone. The larger vertebrates reach sizes unat- 
T seffineiital pattern of muscles and nerves, tained even by the giant cuttle-fish. Cuttle- 
^hf lateral-lint" sense-organ and its speciali- fish, squids and octopuses are in some 

lation the ear these are all results of our respects the proudest masterpieces of inverte- 

anr(‘siral undulation. brate organization, but they do not apply 

You have only to look at a cross-section their muscular power so efficiently as the 
of the best-developed segmented worm and fish. When they swim by vibratile side-fins, 

of the lowliest free-swimming chordate like their speed is low ; when they go fast, by 

\inphioxus to see how far more muscular shooting out water through an opening under 

the latter is. Moreover, the worm, like their heads, they retire in backward spurts, 

iio.irlv all invertebrates, is tailless. The a mode of progression so blind and risky 

early, experimenting chordates shifted the as to be reserved largely for panic emer- 
hrllv-viscera and anus forward and confined gencies. 

tlK'in to the front part of the* body, so that It is very probable that the first vertebrates 
thr hind part could be exclusively used for were fresh-water forms. The earliest vertc- 
bwimiiiing. This, the tail, speedily became brate fossils, from the Middle Ordovician 
uoilnng else but muscle, together with its (III B 2) right through the Silurian to the 
netessary supports and protections and the l.owcr Devonian (III D i), are found in 
supply of blood-pipes and nerve-cables fresh-water or estuarine deposits. One 
nn’dvd to nourish it and regulate its actions, cannot watch river fish hanging almost 
Onr line of worms, the carnivorous arrow- immobile in a swiftly flowing stream without 
worms, represented to-day by Sagitta and its realizing that this invention of swimming 
relatives, developed a tail and musculature by sinuous lateral movement is uniquely 
rathei similar to that of the chordates, adapted for withstanding a current and 
hut It never produced the mechanical preventing an active river creature ’from 
support of a notochord. being swept out to sea. In this way, 

The trunk and tail of a water chordate, perhaps, our ancestors learnt to swim, 
a fish, for example, is a single flexible unit, If this be correct it is but one of several 
and when it swims, the whole body comes examples of structures or habits which, 
into action ; the animal does not merely evolved to overcome some local or temporary 
protrude punt-poles or oars, like the rigid- difficulty, have later carried their possessors 
hodied crustaceans. Lobsters and crayfishes to widespread and permanent success, 
i'wim, but backwards and without precision. But whether the tail was invented in a 
hy flapping the whole hinder part of the river or not, its importance to our evolutioa 
l>^dy, and some worms swim with their cannot be denied. Nowadays, we human 
whole body, but ineffectively ; their muscles beings, like the fox in the fable, are inclined 
are far more feebly developed, and their to find tails disgraceful and to think it 
l^rdies do not run out into a tail of pure ignominious that we should possess such 
n^uscle, designed to transmit to the water appendages even in unconscious embryo- 
^he body’s side-to-side undulations with hood ; but let us not forget that our stock" 
in^irnum efficiency. - swam to supremacy before the fingered limb 

fhis it was that made,^^ vertebrates, as had been invented. In a very real sense 
wc hav(‘ said, the athl^^ of the animal it was our tails that made us what we are, 
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§ I 

The Opening Eras : the Archeozoic and the 
Proterozoic 

T he record of the rocks opens like many 
jrrcat books, with end-papers, flyleaves, 
and iflank pages. 'Ehc oldest sedimentary 
rocks known to us arc enormously changed 
from the state in which they were first 
deposited, and they gdve us no clear evidence 
of organized life, if indeed it existed in that 
hot and stormy phase of our planet's history. 
Huge deposits of very early sedimentary 
rocks, now baked and squashed and crys- 
tallized into new miner^d forms, exist in 
Clanada and Greenland, with outlying 
bits elsewhere. At least two great cycles 
of mountain-building took place while those 
sediments (there are over 100,000 vertical 
feet of them in some places) were deposited, 
and of the vast stretch of time from the 
earliest known stratified rocks to the present, 
this period took up nearly a third. Wc call 
it now the Archeozoic Era (I), the age of 
earliest life, since as wc have given reason to 
suppose life may have existed through all or 
most of its hundreds of millions of years. 

For reasons we have already made clear 
the actual traces of life are of the slightest 
description in these Archeozoic rocks. There 
are some doubtful evidences of primitive 
algee, some possible worm-burrows. There 
exist great beds of carbon in the form of 
graphite, and these, as far as our chemical 
knowledge goes, must be derived from the 
remains of living things, most probably 
aquatic plants. That is nearly all the posi- 
tive fact we have to go upon. We can 
hazard a reasonable guess that bacteria 
and sca-wceds of various types were steadily 
making the world a place fit for higher 
animals to live in, and that single-celled 
animals and, it may be, sponges and 
Coelenterates and worms were in existence 
before the period closed ; but that is all. 
If we walk over the great stretch of Archeo- 


zoic rocks of Eastern Canada, wp have 
beneath our feet all the earliest pages of the 
book of life, but they are almost blink, 
any history they may once have carried im 
destroyed for ever. 

The record is hardly richer when wc roim 
to the next great era, the Proterozoic 11 . 
which includes about a third of all tmir 
subsequent to the Archeozoic. On the rocks 
of this Era, however, the metarnorphu 
forces have been less effective -largcK, 
no doubt, because they have had less linn 
and because there was less weight of siipci- 
incumbent material — and many ot tin 
sedimentary rocks preserve their orignui! 
character; right at the base of the Piotcio- 
zoic, perhaps a thousand million yetms a^o, 
the sea made ripple-marks which we ean 
look upon to-day. And in general, the 
character of those early deposits is verv like 
those of more modern times, indicating that 
the general conditions of the wot Id \m'ic 
becoming stabilized and were no loiigci 
markedly different then from those obtainniit 
now. 

Late in this Era there was a huge deposi- 
tion of iron compounds on a scale unknown 
at any other period, over the bottom 0 
shallow seas ; the great bulk of iron mined 
in the United States to-day was laid down 
in the Proterozoic (II). Possibly, ihoug 
we cannot be sure, this iron was depositee 
with the help of special bacteria and algae 

Then there occurred a much more remar 
able event — an Ice Age. Great stretene 
of boulder-clay, the product of nicUmt 
ice-sheets, with ice-scratched stones ant 
boulders embedded in them, have beei 
found in Canada in deposits oi rar 
Proterozoic age. Similar deposits 
Australia, Norway, China, and 
seem to belong to a second glacial pen 
right at the close of Proterozou time 
probably separated from the first b\ a 
hundred-Wlion years interval. Thus ea ^ 
in the book of earth we receive a condo 
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T tVi last thirty years a nuinber of 
assurniirc that OUT own particular ice ag^ jef^te fossils from these beds, 

m wIkkc aftermath we are suil living, thoueht barren of life, have come to • 

nm hfiald the rapid cooling down of our . | masses possibly deposited by 

planet, but is one of a series of recurren Calcare^ uncommon ; among ammals 
chills to which, at rather long intervals, it sponge spicules of many kinds 

IS subject. 4 1 1 
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and unmistakable Vorm-tubcs have been 
found ; and there arc some remains which 
may prove to be an early sea-scorpion, and 
have been christened Beltina. But other 
animals, we believe, with every reason for 
our assurance, must have existed, and any 
day a lucky chance may bring their fossil 
remains to light. 

§ 2 

The Age of Ancient Life : the 
Paleozoic 




‘lI'IPB: 


chaptej^ 


not unlike Ac watcr-fleas and f,i„ , 
of our modem fresh-waters i 
into which the ctjrpses of th.'sr . • ’““a 

there lived burrShving worni^ - 


type as our mud-burrowo 


of the 


same 


May- 


Thus not only had animal life ah ,• ,c1vH 

witl.l,, ‘each „ ’ ■ 
It had split up into many types wtlf ?“P 
distinctive ways of living. ^ ‘o 

In all subsequent periods this abund 
of fossils IS maintained. The 


lance 


the earlier rocks is startling Pafsir T"'’ 
-11 Proterozoic (II) to the P 

The next pages in the book of earth history (III A) is like in i! 

•e those of the Cambrian rocks (III A), Lm a^i'S sCwy C>d To 


are those of the Cambrian rocks (III A), 
first of the volume we call the Paleozoic (III), 
the Era of Ancient Life, as it was christened 
in days when no earlier life was known. 
Abruptly, without warning, they reveal 
a world of living things whose abundance 
and diversity are in striking contrast with the 
poverty of the preceding records. 

In the Lower Cambrian (III A i), sponges 
and lampshells were abundant, and so 
were the strange and primitive Arthropods 
known as Trilobites. Jelly-fish, like those 
of our own day, have left their impress on 
the shales, though true corals had not de- 
veloped. But enigmatical creatures with limy 
skeletons, called Archeocyathus^ were abundant, 
sometimes building veritable reefs. They 
take their name, which means “ ancient 
cup,” from their vase-like shape. They 
have a curious construction of one cup 
within another, the space between filled 
by a rafter-work and communicating by 
pores with the inner cup. This is unlike 
the construction of any known Coelenterate 
or of any known sponge, and some authori- 
ties believe them to represent a third type 
of many-celled animal independently 
derived from single-celled forms, which 
failed to hold its own and soon petered out 
to extinction. Various snails and their 
relatives, though still rare, are known. 
The Echinoderms had, it seems, already 
differentiated into several groups, including 
the sea-lilies and the sea-cucumbers. 

Most Cambrian animals that happen to 
have been preserved as fossils were bottom- 
dwellers of the inshore waters, but by a 
happy chance the Burgess shales of the 
Middle Cambrian (III A 2) of Canada 
reveal a rich assemblage of animals which, 
when alive, led a floating and swimming 
life in the open sea. These open-sea 
ammals include jelly-fish, active swimming 
bristle-worms and arrow-worms, some 
surface-living Trilobites, and a large number 
of different types of true crustaceans, mostly 
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well-preserved written record What 
the explanation of this sudden abundance 
of the remains of life ? There seem to 1 
been a number of causes. Most important 
a long gap of time seems to have elaJ 
between the laying down of the laict 
Proterozoic and of the earliest Paleozoic 
rocks. In no part of the world have anv 
sediments been found which bridge this 
gap, and that it was long is shown l)v the 
fiict that wherever Proterozoic rocks aio 
found with rocks of the next period deposited 
on top of them, they have been (int tilted 
and then worn down to a flat surfdre again, 
The material thus eroded away must have 
been carried off and laid down sonieu herein 
the seas of the ancient world : and vd no 
trace is known of the layers thus depo, sited 
Perhaps— the suggestion has been made 
by competent geologists— perhaps there was 
a folding of the crust which deepened the 
ocean basins and so caused the sea-level 
to fall and the very foundations of the lands 
to be exposed. If so, the lost sediments are 
lost because they are all now far out beneath 
the ocean. Later, there was prcsumahlv 
some readjustment pf the oceiin floor: 
the sea filled up with waters liberated from 
the earth’s interior by volcanic action ; and 
the water-line was raised again to within its 
normal limits. Be that as it may, the gap 
is there. During the interval r)f millions 
of years which it represents, Evolution was 
busy and many new types came into exis- 
tence. But this will clearly not account for 
more than a portion of the contrast. 

To account for the new abundance of 
fossils, it has been plausibly suggested that 
during this gap in history, animals had 
succeeded for the first time in constructing 
strong skeletons with the aid of lime, and 
so for the first time rendering their n^nains 
easy of preservation as fossils. In support 
of this find that many neatures 

with limy skeletons — the molluscs, 



iHli ERA OF' ^ and swimming 
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, ,|k| ihe Echinoderms— havc^em 

loped in the Lower Cmbnan 
,iid do not produce them of 
(•” ^ rV, i .ill normal thickness for another 
' v,-irs or so. Perhaps this was 
'",‘nui ition of life ; perhaps the lime- 
tlK- earlier seas was low, or it was 
Vli of the reach of animals by lime- 
, Mex Whatever the truth may 
certainly looks as if a real advance 
construction of hard skeletons was 
i,v various separate phyla of life 
!?, ortiv belore the beginning ot the Paleozoic 
mill,, advance as important to the 
S mi man of s«ence anxious to unearth 
[liehistorv of life as to the long-dead 

creatures which achieved it. 


§ 3 

The Cambrian Period : Age of 
Trilobites 

Bv the beginning of the Cambrian Period 
HI A), over half of geologic time had 
cLipscd-ovcr half the time between the 
deposition of the earliest sedimentary rocks 
iind the present day. And yet what an 
ahundance of living things was still to come 
upon the record, how many of the types 
familiar to us were not yet in existence ! 

Tliere were no land animals. There were 
no urtebrales at all, not even fish ; no 
insects nor spiders ; none of the highest 
group of molluscs, the Cephalopods, nor 
of the degenerate lazy-living Bivalves. 
.\lihough all the main invertebrate phyla 
ucic in existence, they were often repre- 
sented by strange forms, now long extinct. 
It IS highly improbable that any animal 
then in existence could hear, or could see 
colours, or had the power of learning by 
experience in any but the most limited 
degree. Jliere were no land plants with 
toots or woody stems, let alone seeds or 
flowers. Yet, as we have seen, life in the 
icas was varied and abundant, and each 
main group had already branched out into 
niany ways of life. There are only four 
groups of marine animals whose destiny 
need to follow in this general review 
life’s history. The others have achieved 
^11 the important part of their evolution 
hefore the curtain goes up on the Cambrian 
A), or they are mere supers in the 
play, or they arc soft-bodied and have left 
tjo remains. The groups whose history we 
*flall trace in outline are the Echinoderms, 
the Arthropods, the Molluscs^ and the Fish. 
Among the Arthropods, the Trilobites 
the dominant group of Cambrian 
A ■ , s 


animals. These creatifires — aU of them 
marine — ^looked something like large aquatic 
wood-lice or slaters. But though they have 
compound eyes and the usual outside 
skeleton of all Arthropods and a whole series 
of limb-appendages, segment by segment, 
the likeness is a superficial one. Wood- 
lice are Crustaceans with a regular head and 
a wonderful division of labour between the 
different members of their long series of 
limbs — first a couple turned into sense- 
organ^, then a battery of jaw-appendages, 
then admirable walking legs, and so forth. 
But these lYilobites were much more 
primitive, much nearer the worm-like arche- 
type from which all Arthropods have sprung. 
They had a single pair of sensory feelers ; 
but otherwise all their limb-appendages 
were of the same construction — the primitive 
forked plan still characteristic of crustacean 
larvae to-day. None of these appendages 
had been wholly converted into jaws as has 
happened to the mouth-appendages of all 
present-day Arthropods, whether Crusta- 
ceans, Spiders, or Insects. But the first step 
in that direction had been taken ; the 
possibility had been indicated ; those near 
the mouth possessed little toothed lobes 
which projected inwardly and helped to 
hold and grind the food. But they could 
not chew, it seems, without going through 
the motions of crawling or swimming, nor 
crawl or swim without going through the 
motion of chewing. 

The earliest Trilobites seem to have been 
scavengers, crawling over the muddy bottom 
and picking up their food under cover of 
the heavy armour of chitin that covered 
their bodies above and projected spikily 
on either side over their limbs. Like all 
modern Arthropods, they began their lives 
with few segments and added new ones at 
their hind end. So abundant are the fossils 
of many Trilobites that we can piece together 
their life-history, all but the earliest stages, 
as well as if we were able to keep them in an 
aquarium and watch them grow. The 
youngest forms are tiny little tadpole 
things, all head and no body ; some of 
these certainly were active surface-swimming 
creatures like crustacean larvae to-day, 
serving for the dispersal of the species. But 
they soon descended to the bottom and lived 
and died after the fashion of their parents. 

Scavenging is all very well, but there are 
other ways of life open to creatures of this 
construction, and soon there arose a variety 
of types. There were borrowers, often 
blind or with reduced eyes like the burrowing 
mole to-day. Some of these lay in wait 
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in their 
burrows for 
passing 
prey, while 
others ate 
their way 
through the 
nutritious 
mud as an 
earthworm 
eats its way 
through 
the soil. 
'Fhere were 
others that 
seem to 
have taken 
to a vege- 
t a r i a n 
mode of 
life, chew- 
ing up the 
Cambrian 
seaweeds. 
And, most 
adven- 
turous, 
there were 
free-swim- 
ming Trilo- 
bites, some 
wholly 
ema n c i - 
pated from 
the bottom. 

For the 
crawlers , 
any shadow 
between 
them and 
the light 
above 
might 
meiiu the 
passage of 
an enemy ; 
and they 
accord- 
ingly had 
their eyes 
on top of 


Fig, 216. 
The life- 
history of a 
Trilobite. 

The animal 
added new seg- 
ments behind its 
head-shield as 
it grew up. 


their heads. The swimmers needed k. 
eyes because their greater acii\ itv , 
more quickly through the ch.ml' 
and they needed to seewLrunstl'^^W. 
on every side. Accordinelv tln ir 
for the most part much TaC Jcl? 
oyer the side margins of the head. 


And, 


like so many creatures of ihe free 
water to-day, these free-swiminine i 
were provided with long spiny "nroie e'” 

ILiTpr™! 

The group radiated out into a varieh rf 
sizes. Most Trilobites are between 
and two inches long; but there are Z 
species only a third of an inch long and othm 
up to about two feet. But two feet was th,,r 
maximum ; they never attained the si/r 
of the biggest sea-scorpions wc shall preseruK 
describe, nor of the biggest crustaceans 
I’he Trilobites, like every other lai.n 
group whose evolution we shall study, shrm 
not only a scattering radiation into dilTemn 
ways of life, but a general onward progress 
Many Trilobite fossils are discovered rolled 
tightly up into a ball, like pill-l)ugs, liou!,| 
eyes and face interlocking with tail-llaj).! 
and the spiky margins of the upper aiinoiii 
fitting together at the side so that no rhiull 
is left for an enemy to reach the limbs and 
vulnerable belly-surface. They peihajis 
died of asphyxiation, or of exposure to thn 
air ; in any case we find them to-d.u 
preserved in the defensive spasm into v\hic}] 
they threw themselves as death began to 
overtake them, half a thousand million 
years ago. But we never find these lollcd- 
up kinds in the early days of Trilobiic 
history. Rolling up was one accomplidi- 
inent whose evolutionary acquisition w’ 
can trace step by step as we can trace tlm 
acquisition of a single hoof by horses. 

Most of the later Trilobites afso had ih( 
hind part of the body turned into a regulai 
tail-flap, with which they probably jerked 
themselves rapidly backwards out of danger, 
like a lobster ; and some grew lantasiic 
spines all over their bodies. 

In early Cambrian times (III A i) noneo* 
these back-flapping or excessively prickh 
types existed, any more than did the rolling- 
up types. Very probably the slow improve* 
ment in these directions was a progr^'' 
towards better defence, necessitated by tnt 
rise to power and abundance of thcii enemies 
and rivals, of whom we shall soon speak, tlu 
early molluscs, and the sea-scorpions and 

king-crabs. . , 

This tgok place during the next peno , 
the Ordovician (III B), and from tlicn on 


,he era of crawling and swimming 


* 


lon-Hrlayed time of their «tinction 
■0 ‘ „f the Paleozoic, the Tnlobites 

» ,rr 1 liKillv less abundant, less charac- 
dominant in the life of the 

tfnsuc 

“rh^re IK three striking facts about the 
J of ih’ '•“•■y Paleozoic (III). One is 
• nrcsem ' as the most abundant and the 
' 'li succi creatures of the age, of groups 
iirf extinct. Besides the 

Inlobites, lor instance, there were the Grap- 
tolitcs, v\hosc fossil remains are so wide- 
spread and so abundant for a spell of geo- 
losrical lime from the end of the Cambrian 
III A) onwards that they serve as markers 
h\ wliich the geologist can date rock-layers 
la diflerent regions of the world. There 
^cie Coelcntcratcs, colony-forming polyps, 
aiosily free-floating, with horny skeletons 
like those of Obelia. The colonies were often 
tilted out with the most elaborate structure 
of (loating bells, presumably gas-filled, to 
which were attached straight scaffolding 
lods bordered by polyps on either side. 
There were special reproductive polyps 
which added to the colony by producing 
new polyp-rows, or founded new ones by 
liLiddiiig off single floating polyps, which 
ilieii giew up into colonies on their own 
a( count. 

They were the representatives in ancient 
scds of” the modern Siphonophores, the 
iiiiirvcilous glassy polyp-colonies of which we 
l]a\c spoken in Book 2. Perhaps the Grap- 
loliies' decline in the Silurian (III C) and 
extinction in the Devonian (III D) were due 
to the lise of this new rival type. But 
this we may never know, for the Siphono- 
plioK's have no skeleton to be preserved, 
and so Uv we have no fossil trace of them. 

J in* .second of our striking points about this 
f^adv epoch is the presence of many lower 
t\peb of animals which have preserved 
their general construction almost unchanged 
througdi the five hundred million years from 
tt'Pn till now. 

And the third is the absence of the more 
^eloped forms in every higher group — 
vertebrates, arthropods, molluscs, even echi- 
tj^erms and corals. Evolution does not 
estroy or transform the whole of life. It 
preserves much of the old, but it extinguishes 
^ more elaborate constructions 
. and in their place is always 

tttg the new and the improved. If we 
the Cambrian only by its 
y-nsh and worms, it was a modern world, 
m making our estimate of Evolution 
. account of its most finished 

ucts as well ; and a world in which 


Trilobitcs were the highest achievement of 
life had still a long road to travel. 

§4 

The Age of the Sea-scorpions 

In the Trilobites Cambrian life reached 
its highest point. By the late Ordovician 
(III B), however, their age of security and 
predominance (they had had well over a 
hundred million years of it) drew to a close. 
From the Silurian (III C), only thirty-five 
different genera are known, as against a 
hundred and twenty during their climax 
in the period before. They were being 
pushed aside. Novel, more powerful animals 
swam through the seas they had ruled. As 
they declined, their rivals, the sea-scorpions 
or Eurypterids, rose. 

These creatures were aquatic relatives 
of the true scorpions, the spiders and the 
miles. They had already come into being 
in Cambrian times, and rapidly surpassed 
the Trilobitcs in size, some of them reaching 
six and even eight or nine feet long. With 
their human or even superhuman size and 
their outstretched limbs they are imposing 
fossils. Hugh Miller tells us that in his day 
the Scottish quarryman of the Devonian Old 
Red Sandstone (III D) baptized them 
Seraphim. Like the Trilobites again they 
originated as heavy crawling creatures, 
but many seem to h^ve been capable of 
prolonged slow swimming, using their ex- 
panded hind pair of legs as clumsy oars. 
Others again were mud-burrowers, and in 
some the small first pair of limbs, pincer- 
clawed as in all modern scorpions and spiders, 
enlarged into passable prototypes of a 
lobster’s powerful claws. We know little 
about their feeding or their reproduction. 
But there is one interesting point about 
their habits. All known Trilobites were 
cohfined to salt-water, but while sea- 
scorpions seem to have originated in the 
sea, the majority or possibly all of them 
in the declining half of their evolutionary 
career took to fresh or brackish water, living 
in rivers, lakes, estuaries and lagoons. For 
they, too, in their turn, were giving way to a 
fresh onset of life. 

The Eurypterids continued right through 
the Carboniferous (HIE), but all were finally 
extinguished before the Permian (III F) 
brought the close of the Paleozoic. Con- 
temporary with them throughout, however, 
were some smaller creatures, more trilobite- 
like in general appearance but of true 
scorpion-spider construction. Most of these 
died out at the same time as the sea-scorpions, 
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but one genus, Limulus^ the King-crab, sur- 
vives right down to the present day. This 
veritable living fossil, though all its relatives 
have been dead for hundreds of millions 
of years, is still so abundant off some parts 
of the American coast that King-crab 
co™es are used to manure the fields. 

These occasional successful survivals of 
antiquated types of life, unburied ghosts 
of a long past age, are puzzling riddles. 
It is not always easy to discover what 
compensating specialization of detail has 
made up for the animal’s general primi- 
tiveness and enabled it to survive. But 
if they propound one evolutionary riddle, 
they help us solve many others. By investi- 
gating their construction and way of working 
we can understand their dead relatives and 
reconstruct the life of the past far more 
accurately than would otherwise have been 
possible. 

In the Upper Silurian (III C 3) the first 
true scorpions appear, bearing the closest 
general resemblance to those alive to-day. 
They arc the first heralds of animal life 
on land. But they are only its heralds ; 
they show no trace of the openings into the 
breathing chambers, prominent in all 
modern scorpions, even in those of the coal- 
measure period (III E 2), and they cannot 
have been fully free of the air and the dry 
land. It may be hazarded that these 
Silurian scor|Dions led a marginal* life 
between water and air, like many modern 
crabs or the sea-slater Ligia. Inhabitants of 
the sea-margin, they were probably able 
to breathe air, but still by means of their 
old water-breathing organs, which, like 
all water-breathing organs, needed to be 
kept always moist. They had to resort to 
periodic re-immersion in their ancestral 
element, and could never venture far 
beyond high-water mark. But probably 
there was as yet very little to attract thbm 
above high-water mark. 

In this same period centipedes have also 
been found. These, too, are to-day exclusively 
land animals. Thus the later Silurian 
(III G) witnessed the beginning at least of 
the emergence of animal life out of the waters, 
a tentative invasion of the huge uncolonized 
domain of the dry land. As might be 
expected, it was among arthropods, with 
their hard external armour and their gill- 
covers to keep them and their breathing 
organs from being dried up by the new and 
dangerous element of air, that the first 
pioneers of the land were found. 

Up till a few years ago, no completely 
terrestrial arthropods had been discovered 
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m ^y roeb eaitlier than th,,.. of M j.. I 
Carboniferous Age (III E ^ 
however, the huge gap of ov( r a 
and fifty miUion years betweeu the 
scorpions and the big coal-r- • 




has been partly bridged by ih(. 
of undoubted insects in the 
Devonian (III D i 


tlisci 


imccti 


'OV'cry, 


. ■ .W .• ■ “ ‘hose whi*i 

contain the earhest known land olam 
which we shall shortly descril)e 
were all tiny, and all as yet wingless dose? 
resembling the little springtails of the’pr«Jt 
day. These insignificant crawling creatures 
.which have been christened Rhyniilla musl 
have been either the ancestors or sotnethim 
very like the ancestors of all the myri^ 
beetles, butterflies, bees, and other wineed 
insects of to-day. ® 


§ 5 

Echinoderrm : a Phylum Which Has A’firr 
Produced Land Forms 

The Echinoderms also launched out Ujwii 
a number of evolutionary experirnenu. 

If by success we mean survival, these were 
successful enough, but, as we saw when we 
studied these very curious creatures 
Book 2, not a single Echinoderm has escaped 
from water to land, not one has risen above 
its primitive hcadlessness. 

All the evidence goes to show that the 
ancestral form was a small somewhat 
sluggish creature, not five-rayed in structure 
but two-sided like ourselves, which browsed 
slowly over the bottom. Later the develop- 
ment of a skeleton-armour just below the 
skin was achieved, perhaps as a protection 
against the reigning arthropods of the period, 
About the same time this ancestor took to 
attaching itself to the bottom, perhaps by 
sucking on with part of its mouth. Adhesive 
glands and, finally, a stalk gradually ttK)k 
over the business of attachment, while the 
mouth was shifted up, away from the region 
of fixation. This sedentary stage which all 
the group went through (it has left its traces 
on even the modern free-living types like 
starfish and sea-urchins) led to the adoption 
of a new means of gaining food, 
came to radiate out from the mouth, lineo 
with cilia to sift small particles of food troni 
the water and to transport them mouthwar s. 
Originally there seem to have been on y 
three such grooves, but the two hinder on ^ 1 
later forked ; and so the 
metry, which meets us in almost all 
living foftns, was established. 

The early Cambrian (III A) Echinoder 




Fig. 21^. A group of primitive Echinoderms from the Paleozoic (///). 


1 luhnmphiTKi, a round animal attached by a short stalk; it had three food-grooves on tentacles round the mouth. 

iUophocnnns. member of a group which resembled the sea-lilies of to-day, except in having very numerous tentacles. 
iC .hi^torysth, a creature resembling (A) except that it was bent over on to one side. (D) Dendrocystis, a stalked 
mm’ mth a nngle tentacle and food-groove. The anus is at the left lower corner of the body. {E) Lepadocrinus, 
ivth three jood- grooves along the body, each bordered by tentacles. {F) Protocrinus, with numerous tentacles, each 
li'itli II jood-groove. (G) Edrioaster, a bun-diaped creature with the mouth on the upper side, and five twisted food- 
grooves from which tube feet were protruded. The anus is near the lower edge. 


arc all ilxed to the bottom ; and during this 
and tho Ordovician (III B), a great number 
of strange and unfamiliar types had been 
I’roijght to birth, some looking like short- 
st.ilkwl pears, others elongated and with a 
lood-groove extended within a spout- 
ol^o tube, others with their food-groove 
more clHcicnt by being extended on 
ann-likc outgrowths, or bordered by a 
double row of tentacles doubtless covered 
''‘th actively beating cilia. From some 
forms as these the sea-lilies arose, first 
ound in the Ordovician (III B) and rapidly 
‘horning the most successful Echinoderm 
.Pf through Paleozoic time, and the only 
order to continue to practise, as its 
fif the group’s original mode 

fading (although ciliary feeding is to be 
sporadically among starfishes and 
a-cucuinbers). Other strange creatures, 
a and its relatives, suggest 

bun ^^tiilt into an armoured ball or 
unlike starfish, their mouths 
^ tjpwards, and the arm-like structures 


were not free or movable, but were fixed 
food-grooves. 

The familiar sea-urchins and starfish 
also arose in the Ordovician, but long 
remained comparatively unimportant groups. 
They differ from all the most primitive 
Echinoderms in not being fixed, in having 
their mouth below instead of above, and in 
having given up ciliary feeding for grosser 
methods. How they turned themselves 
upside-down from their original position is 
one of the unsolved riddles of evolution. 
All the Echinoderms which crawl mouth 
downwards to-day do so by means of the 
highly characteristic “ tube-feet ” that we 
noted in Book 2. We may guess that before 
the creatures turned over these organs were 
mere tentacles grouped along the food- 
grooves, for that is how they appear in living 
sea-lilies and feather-stars. 

Though a sea-urchin or a brittle-star 
represent the climax of Echinoderm activity, 
yet progress of a sort is registered in their 
long history. In the Cambrian and Ordo- 
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vician they shook down into five-rayed 
symmetry as the most economical arrange- 
ment of their food-grooves. By the Silurian 
(III C), the stalked sea-lilies took over the 
dominant position in the group from the 
earlier stalked types. But the cold spell 
at the end of the Carboniferous (III E) 
reduced the sea-lilies’ numbers very con- 
siderably, and though they later recovered 
to some degree, the free-living kinds -- 
urchins, starfish types and sea-cucumbers— 
had become and thenceforward remained 
the more prevalent members of the Echi no- 
derm world. Even the sea-lilies had to 
move with the times. One of their most 
successful branches lost the stalk, took to 
wandering from place to place, and became 
the feather-stars of to-day. 

Among the star-like types, the active 
brittle-stars arose later than the more 
sluggish true starfish, and among the urchins 
the asymmetrical heart-urchins and sand- 
dollars came into prominence after the 
symmetrical ball-urchins. Burrowing forms 
and scavengers, sluggish and active types, 
deep-sea forms and (strangest of all) a 
pelagic sea-cucumber that Boats at the 
surface of the sea — thus these very peculiar 
creatures with their tube-feet and five-rayed 
symmetry have experimented and radiated 
out. They never acquired brains or a 
highly organized nervous system, nor have 
they ever left the sea ; they lack the vigorous 
adventurousness of arthropods, molluscs, 
and vertebrates. Nevertheless, they have 
played their own distinctive game. Patiently 
they have evolved and perfected an elaborate 
internal architecture of water-carrying tubes, 
tubes of various kinds, quite unlike our own 
circulatcfy system, of whose functions we 
know next to nothing. Within the limits 
and along the lines prescribed by their 
own nature, evolution has gone steadily on. 

§ 6 

The Ancient History of Molluscs 

MqUuscs to-day have an extraordinary 
range of organization— from insignificant 
worm-jjke creatures up to gigantic cuttle-fish, 
from cr^iwling slug to active squid, from 
sedentar) ^ current-feeding clams and oysters 
to adventurous land-snails that crawl amidst 
high mountyin scenery. 4 

In the Lower Cambrian (II«irA i) we find 
the earliest known molliutls. They all 
approximate to the snail type, but instead 
of having most of their internal anatomy 
neatly done up in a spii ^ inside a coiled 
shell, like the great ma;trity of modern 
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snails, most of them had nu ixiv 
conical cap-of-liberty shell sidmir’ * 
hump into which (unlike th, , '''' 

vital entrails project. ' ^ 

These early fossils confirm wlm j , 
from other evidence— that the lirsi nru' 
to be evolved were bottom-li\i,ia 
that had taken to crawling wit I"'' 
a flattened and muscularizcd expansku, 

“ foot Jlid ' “ 


their bellies — the 
tecting their vulnerabic upper 'lurlice J',;: 
a hmy shell. Another characteristic (catu, 
which the earliest molluscs in all prob.ibil,/ 
possessed, for it is found in nicrnhers of lli 
existing groups save the cunnit-fecdin 
bivalves, is the marvellous “ tooth-ioiKnip- 
or radula. This ribbon of teeth, consiami^ 
worn away by use, is as constantly lerifucfj 
by growth from a formative pocket m 
floor of the throat. With the aid of thp 
horny file the first molluscs would \u\[ 
browsed by rasping off bits of solid food 
From this ancestral browsing bell) -craw hm; 
type, the true snail-like forms or g.istiopod 
soon evolved ; and these have leinaiiKd 
from those Cambrian days till now, the niosi 
varied and the most adaptable group 01 
molluscs. ‘ 

One of their early progressive steps wjs 
the evolution of the spiral shell. Originally 
the gastropod’s “ foot ” was inerelv ilu 
body-wall of its lower surface, 'lb niak( 11 
more efficient as a locomotor organ it iicol 
to be enlarged sideways into a flattciud 
projecting sole ; it needs enhanced niusculai 
ity. As the foot thickened and grew, tin 
viseg-a, it seems, expanded into a big huinj 
on the back. But the growth ol this ’‘\iv 
reral hump ” and its covering shell broui^lv 
new problems. If it grows into a flat hioac 
cone, a big surface is always left below opo 
to attack. It is only a few types, like ili( 
limpets with their special faculty for hoidmil 
on tight to the rocks, which have adopifd 
this method. If it grew into a long narrow 
cone, it would project and flap about 
awkwardly. But if this long sack 
curled spirally, it could be still fairly eotniiarl 
and handy, the whole body could l)e wit r 
drawn inside a suitable shell, out oi : 
way ; the entrance could even be sea ec 
witli a horny “ door ” secreted by 
of the foot which is last to get inside, aii 
such is the device found in most nu) 
gastropods. ,1, 

To make the spiral, one side of uie 
grows faster than usual, the other 
In all snails with spirally coilefl ‘ 
humps^^the organs of the left side au 0 


developed, those of the opposite 


side icduct:^ 



he era of crawling and swimming 


Die familiar snail is, when we 
’f ^ , ’look into its history, a remarkable 
ii has succeeded in keeping to 
‘"“"plric..' behaviour— crawling straight, 
■•’’’"IstuK' instead of moving in a spiral 
"'i! nV il,' asymmetrical Paramecium and 
Protozoa— although in the 
Ilk internal anatomy it is in the 
I .5, do-i oe one-sided. It is asymmetrical 
fsnuctur.-. but symmetrical in behaviour. 
We find diis change recorded in the rocks. 
i|,f iwisteii shell, rare in the early Cambrian 
III A l u grew much commoner in the 
L'pmT aiinlirian (III A 3), until by the 
late Orduvirian (HI B 3) it was as common 

js lo-day. . 

'Hr* K^astropods never attained any 
iii.iikal brain-power, or any notable strength 
,„\ptrc]. Bui in quantity and versatility 
ilir\ have always been the leading group of 
ihhHuscs. They alone of their phylum 
siicrcrded in invading the land ; and beside 
iTi\inL( us the strange and beautiful shell-less 
s(*a-slH.i(s, as well as all the shelled snail-like 
lomis, they have produced the Ptcropods to 
iii\adc the surface waters of the sea, flapping 
ihcinselves along with their expanded fool 
iiiMird into a pair of sea-wings. 

lioiii llu'se early molluscs, the ancestors 
111 ih(’ snails, two other main lines diverged, 
one hv our standards downwards, the other 
upwards, ddie downward line led to the 
I kh.ilvcs. Tinagine a primitive snail with a 
iLii-foiiecl shell that had taken to slowly 
ouwhng (ATT and feeding upon mud. It 
Mill needs protection from enemies, but it 
lie longei needs to move so rapidly, 'i’hc 
le'M can dwindle. Enlarge the side margins 
r 1 the shell and the flaps of living tissue 
liut secrete it until they reach down on 
oiher side of the foot and eventually meet 
t'dow 11. Into the space between shell-flaps 
Jnd foot, make the little gills of the snail 
n'uw out into great leaf-like structures 
richly beset with cilia for producing a 
current. Reduce the size of the head, which 
''' no longer needed for direction and control, 
j" a minimum. With these changes you 
turned a gastropod into an ancestral 
«Vcilve. All it has to do further is to develop 
■' hne ol weakness in its shell along the middle 
? kack, turning the one shell into two 
'^Ij'shells that can move independently, 
to improve the arrangements for admit- 
and ejecting Trom the space between 
^ ^dot the current of water produced 
die gillsj and the bivalve is in its essentials 
Jl^nplete. It can now live in the mud, as do 
’ clams and cockles and mussels, 
^ad of it, and so live a safer and more 


sheltered life. The gills ” not only pro- 
duce a current, but strain out the micro- 
scopic debris therefrom and conduct their 
sifted treasure along ciliary paths to the 
mouth and down the gullet. The onward- 
browsing gastropod has evolved into a 
sedentary creature with cilia-driven current- 
feeding. 

The earliest bivalves appear only at the 
end of the Cambrian (III A 3), at least fifty 
million years later than the gastropods — 
additional evidence that their sluggish mode 
of life is not a primitive thing, but a degener- 
ative specialization. Of their subsequent 
history wc need mention but one or two points. 
During the course of the Paleozoic (III) 
there was a gradual evolution of an elaborate 
hinge between the two valves of the shell. 
The original line of flexibility was converted 
into a beautiful apparatus of interlocking 
teeth and sockets, giving great strength 
as well as perfect freedom of hinging move- 
ment. And during the same time there 
developed asymmetrical bivalves, which lay 
flat on one side, using one valve of the shell 
as a foundation-bed, the other as a roof and 
door combined. These included the ances- 
tors of the oysters and the scallops. The 
new development made it possible for bi- 
valves to colonize mud and sand surfaces. 
Previously they had been forced to embed 
themselves in mud or sand. I'hc new forms 
lay out and fed more widely, as the oysters 
do. Presently the sca-mussels appeared with 
a tuft of adhesive threads, the byssus, with 
which they stuck themselves even to vertical 
rocks. The scallop, continuing this return 
from buried obscurity to a more open life, 
developed a fringe of eyes round its mantle 
and learnt to swim vigorously. ^'In quite 
another direction, highly specialized rock- 
boring forms, like the so-called shipworm, 
arose. 

Finally, we must note the highest of all 
mollusc radiations : the cephalopods (the 
octopuses, the cuttle-fish, and their relatives) 
which include in their ranks the most 
active molluscs, the largest, the best provided 
with sense-organs and brains. Their chief 
advance over gastropods lay in the conversion 
of the single foot, with its primitive mesh 
of muscles and its simple, crawling action, 
into a set of separate and highly-specialized 
organs, the tentacles or “ arms ” around 
the mouth, which are used in the capture 
of prey and lead to much greater variety of 
movement and nicer power of discrimination. 
The foot grew forward, so to speak, round 
the mouth, and was elaborated to serve it 
and its sense-organs ; hence the name 
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Fig. 21^, An outline of fossil hutory. 

The main groups of organisms known from fossil remains are shown on the geographical timescale {<f. Fig> 
and contracting according to their numbers and importance. Where the evolution of a group is doubtful^ the outline ^ 

1. SpiderSi etc, 2. Scorpions.' 3. Sea-scorpions. 4. King-crabs. 5. Insects. 6. Trilobites. 

8. Ammonite. 9. Nautilus and its Allies. 10. Belemnites, Cuttle-fishy and Octopuses, ii. Lampshclls. L, 

* 3 ‘ ^toestral Echinoderms. 14. Sea-lilies {Crinoids). 15. Primitive Stalked Echinodemts. 

Echinoderms {Star-fish, Sea-urchins, Sea-cucumbers, etc.}. 17. Ancestral Vertebrates. 18. Jawless 
coderms). Fish {with four main bursts of evolution). 20. Amphibians. 2\. Reptiles. 22. Birds. ^ 

2±. Horse-tails. 2 ^. Earliest known land-plants {Rhynia, etc.). 2^. Ferns. 2y. Seed- ferns {Pteridosperrns^ Modem 
Flow^ing Plants. 29. Cordaites {early Conifers).' 30. Cycad-like M<ints {Cycadeoids). Cycads 'P- ^ 
Conifers, 33, Maidenhair Tree {Ginkgo). 34. Club-mosses. ^ 

A number of ^oups (e.g.. Snails, Clams, Corcd.t, Alga, Fungi) have been omitted, 
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! _ “head -foot.” Another 
K -early devdopment was this, 
of nlling the whole of their 
heir visceral humps, they moved 
(K'W larger and left the infantile 
^ cutting off the" abandoned first 
partition. Then again moving 
th(T as growth proceeded, and 
t on tnc> inhabited only the last chamber 
Kd carrird about with them all the empty 
they had lived in from their birth 
Lvards. And they seem early to have 
developed the power of moving much more 
rapidly than any other molluscs, by squirting 
out a powerful jet of water from the cavity 
whirl! encloses their gills through a spopt 
just below the head-region. 

Hardly any of the cephalopods that sur- 
vive to-day are housed in such compart- 
mented shells ; they are now altogether 
shell-less (save for minute vestiges) like 
octopuses, or have their shell grown over 
and turned into an internal skeleton, like 
squids and cuttle-fish. But this is a modern 
development. From the Cambrian (III A) 
to the Triassic (IV A) every known cepha- 
lopod lived in a shell, and right on to the end 
of the Cretaceous (IV C) this was true for 
a lar^^c contingent. 

The cephalopods, like the gastropods, can 
be traced with great probability to little 
cone-capped ancestors. Then, it seems, 
arose the distinctive habit of partitioning 
off a living-room from the rest of the cone. 
This involved the elongation of the shell, 
which at (he same time seems to have been 
lightened by the secretion of gas irfto its 
inner uninhabited airtight chambers. At 
first these compound shells were straight, 
and the original flatly conical caps were 
elongated in the course of evolution into 


Optialop<^*< 

characterist 

that 

shell with 1 

on as they 

shell empts 
cavity by -I 
on to aiioi 


huge, slender cones up to twelve or fifteen 
feet long. Even when buoyed up by gas, 
they protruded awkwardly ; and so here, 
too, coiling came into fashion, and the 
straight-shelled forms dwindled, to vanish 
in the Tricis (IV A). The coiling, however, 
tnstcad of being all on one side as in snails, 
'vas symmetrical ; the shells coiled upwards 
over the body. All stages in this coiling 
^ ^r^ced, beginning with slightly bent 
J dis, on through curved shells and shells 
at come round full circle, until in the most 
peciahzed forms the earlier parts of the shell 
bidden by the embracing wings 
ne last chamber. One such spiral cepha- 
W still survives to-day in the Pearly 
uuius of the tropical seas. It is the only 
ftf f^ Pbalopod with a chambered shell 
hosts that have been. 


In middle Paleozoic times (III) a group 
branched off^from the Nautilus stock to 
give us the Ammonites. These differ very 
little in shell-construction from their parent 
group, and it is one of the puzzles of Evo- 
lution why they rose to such abundance in 
the Mesozoic (IV) while the Nautiloids 
declined. It is another puzzle to know why 
all their numerous families save one died 
out at the end of the Trias (IV A), and 
why this one surviving stock then blossomed 
out into a marvellous variety in the Jurassic 
(IV B). But we still know very little of the 
physiology and difficulties of the Nautilus, 
and still less of the forgotten life of the Am- 
monites. We can only guess rather dully 
at what might be good for them and what 
might be bad. 

These shelled cephalopods often had a 
hard head-shield wjiich acted as doorway 
when they withdrew into their shells. 
They were always mainly crawlers, but 
some, buoyed up by the gas within their 
shells, took to life in the open sea. What 
they ate we do not know from actual 
remains, but we can hazard a reasonable 
guess. The favourite food of modern octo- 
puses and squids are crabs and other 
Crustacea. It is probable that sea-arthropods 
were the favourite diet of the great bulk 
of the crawling Nautiloids and Ammonites. 
Trilobites must have been an early staple, 
with the smaller sea-scorpions and king- 
crabs as side dishes, and as these became 
scarce the higher Crustacea, like prawrw 
and lobsters and crabs, doubtless took their 
place, not only as dominant sea-arthropods, 
but as chief food for cephalopods. 

The shell-protected cephalopod^^were the 
most abundant of their kind for some three 
hundred million years. But, as has so 
often happened in Evblution, the mechanical 
protection of armour-plating declined and 
gave way in the long run before agility and 
speed. In the early Mesozoic (IV) appeared 
a new type of cephalopods, which had 
succeeded in subordinating the cumbersome 
external skeleton by growing round it and 
converting it into an internal one. The 
common fossils called Belcmnites are the 
hard tips of these internal skeletons (and 
not “ thunderbolts,” as is still often supposed). 
As geological time passed this intertial 
skeleton grew lighter and lighter, until it 
culminated in the thin, horn^ support 
of the modern squids, the light “ bone ” of 
the true cuttle-fish, or was reduced to almost 
nothing, as in the octopus. 

Freed from their coat of tnail and with the 
bodies internally scaffolded, these new-model 
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cephalopods could develop greater speed 
and better stream-lining. When the world- 
crisis of mountain-building and cooling came 
at the end of the Cretaceous (IV C), only 
the squids and cuttle-fish and octopuses 
survived. All the bearers of Belemnites 
disappeared, all the Ammonites, and all the 
Nautiloids save the one genus Nautilus, 
in which, as in the king-crab among arthro- 
pods, there lives on for us a lone survivor 
from a vast departed aristocracy. 

§ 7 

The Earliest Fish 

So far we have done little more than 
speculate in general terms about the nature 
of the first vertebrates, pointing out merely 
that they must have been muscular, tailed, 
gilled, and that they had given up cilia- 
driven current-feeding for what to us at 
least are more ordinary modes of eating. 
At first blush, sucli a combination of charac- 
ters suggests a fish, but if wc imagine that 
all early vertebrates were like the fixmiliar 
fish of to-day we shall be mistaken. The 
actual history of the vertebrates, as given 
by fossils, began with creatures elaborately 
but very clumsily built, judged by the 
standards of the best-constructed of their 
descendants, and they early branched out 
into all kinds of experiments, many of them 
fantastic and over-armoured, many of them 
only temporary, destined to early extinction. 
This is so with most groups at the beginning 
of their main burst of evolution. We have 
seen it with the Arthropods. The early 
Trilobites and Sea-scorpions and tank-like 
King-crabs are elaborate enough, but are 
primitive and awkward compared with crab 
or crayfish ; and the contrast between the 
earliest land arthropdd and the finished 
elaboration of spider or insect workmanship 
is even more striking. It is just the same 
with human inventions : first the crude 
experiment, then improvement and refine- 
ment. Many of us have watched that 
happen in the evolution of the automobile 
during the past thirty years. 

The history of vertebrates begins later in 
the record of the rocks than docs that of the 
other great phyla. Vertebrates are built 
on a more generous scale than other animals. 
Not only have they the promise of greater 
strength, speed and brain, but the) run 
larger in bulk. If we were to make a list 
of the Hundred Biggest Beasts they wouM 
all (save for some of the largest cuttle-fishy 
be vertebrates. And the smallest vertebrates 
are tens or hundreds of times bigger than 


the smallest representatives 
animal phyla. As one would e 
elaborate, large-scale constriu ([.,11 of tk • 
took longer to work out than il..c of n. n 
or arthropod. n^oll^se 

It is not until the late Siluri ui (\\\ n 
that we find well-preserved 
fossils. Among them is one family of t ' 
fish-primitive creatures relatrd to 
sharks. But the great majority of th^’ 
Silurian vertebrates are of an extinct t^ 
called Ostracoderms. Though well 
moured, often with a heavy cuirass of bon^ 
they were of the same general constructional 
the Cyclostomes, the naked soft-skinned 
lampreys and hag-fishes of to-day. They 
were armoured Cyclostomes. Like all 
Cyclostomes, they had never taken the evo* 
lutionary step which gave vertebrates their 
jaws. Though they had progressed far 
from the mild and often degrading practice 
of current-feeding, they had still to achie\e 
the vigorous, efiicient bite of a lughei 
vertebrate. 


It is a curious fact that tin* jaws of ihe 
two most successful animal groups, ihe 
Vertebrates and the Arthropods, are in hoih 
cases organs converted from other original 
uses. As we have seen, those of insrds 
and spiders and Crustacea were limbs once 
upon a time. And once upon a time the 
jaws of vertebrates were merely suppoit. 
for the gills. The gills of a fish are suiipoiicd 
by a scries of gristly or bony arches, runniim 
round like ribs but jointed, which allow 
the fioor of the throat to rise and fall like a j 
human chest and the gill-slits to open and | 
close rhythmically. With these the eailv 
jawless vertebrates were provided. It 
the first pair of these throat-supports or 
gill-arches, lying in front of the first gill-slit, 
which in the stretch of evolutionary histon 
between Cyclostomes and true fish were , 
converted into supports for the side of thej 
mouth. Up to that time the vertebrate 
mouth must have been for the most part a 
sucking, mud-grubbing aperture, althougr 
certain Ostracoderms made an attempt at 
mastication with the aid of some of the plat« 
in their outer armour. These became slightly 
movable, and had tooth-like projections , 
but the arrangement was a very poor one 
compared with that of a hinged ^ 
jaws. The gill-arches were already join c 
at the side of the throat (as they in a 
existing Cyclostomes and fish) to permit 
throat’s pulsation ; and so it came a > 
that the fish, and all vertebrates ^ -.l 
after th^, found themselves provided w ^ 
biting jaws that moved up and down, ms 
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Fi!^. 219 . A group of jawless vertebrates or Ostracoderms from Paleozoic seas, 
i, two PWa^pis, with strong bony shield prolonged into a snout. Upper right, three Cephalaspis, with smaller 
il 'I he spfdled patches on its borders are electric organs. The view from below shows the nine pairs of gilUsliis 
viith. Ri^ht centre, Pterolepis, with no shield, hut a covering of scales. Its mouth was probably overhung by a 
flexible lip. '1 he other four animals- are Drepanaspis, with big bony plates here and there among the scales. 
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Fig. 220 . Restorations of some Paleozoic Fish. 

^ predaceous Dinichthys. Below it, to the right, is a group of the extraordinary armoured f^h, 
^ehtnys. Just nhnvt iit An tit tnm/t nrr. iii>o situcimens of Boihrioleilis . The other fish on the left, from 


Just above its tail and by its snout are two specimens of Bothriolepis. The other Jish on the left, from 
downwards, are HoloptycMus ; Osteole^ {closely related to the ancestor of land vertebrates) ; and Climatius, 
an early shark-like form with finlets between main fore- ana hind-fins. 
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of across as in arthropods and, indeed, all ^ 
other creatures with jaws. 

Some of the Ostracoderms from the next 
period, the Devonian (III D), are so 
minutely petrified that Dr. Stensio of Stock- 
holm has been able to work out their 
anatomy almost as well as if he had living 
specimens to study and dissect. Like the 
living Cyclostomes, they had not reduced 
the number of their gill-slits to the five pairs 
possessed by all modern fish (except two 
curious sharks, one with six and one with 
seven) ; and the first gill-arch was still a 
gill-arch and not a jaw. 

Besides this, they never had the full com- 
plement of vertebrate limbs. Modern Cyclo- 
stomes have no limbs at all and no traces of 
limbs ; and this limblessness is shared by 
some of the long-dead Ostracoderms. Others 
have the tiniest pair of flaps on the side of 
the body, and there is every gradation from 
these to well-developed fin-like organs in the 
position of fore-limbs. 

These Ostracoderms were all small ; none 
of them grew more than eight or nine inches 
long ; but they were a varied group. 
Among them were creatures studded with a 
shagreen of sharp denticles like a modern 
dogfish, others with an armour of small 
mosaic plates, others with wonderful head- 
shields. It is among these last that the best- 
preserved specimens have been discovered, 
and we know the shape of their primitive 
brains, the position of their nerve-trunks, 
the course of their main blood-vessels. 
Some of them had special organs embedded 
in their head-shields and supplied by very 
large nerves ; these, it seems likely, were 
electric organs, like those of the Torpedo 
or Electric Eel. Already in the Silurian 
(III G 3) several quite differently constructed 
families of Ostracoderms were in existence. 
So we must, if we are Evolutionists, believe 
that they already had a long history behind 
them. 

Before this entry the record is obstinately 
blank about our ancestors, except for some 
tantalizing fragments of vertebrate bone 
from the Middle Ordovician (III B 2), in all 
probability belonging to Ostracoderms, but 
Ostracoderms more primitive by fifty 
million years of evolution than any we know 
well (what would we not give for a well- 

E reserved fossil of this date !) . Before verte- 
rates developed denticles or bone, they 
could scarcely ever be fossilized. These 
heavily armoured bottom-feeding Ostra- 
coderms were probably a side branch of the 
main vertebrate stttn, but traces of that in the 
Silurian (III C) still elude us. 
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An important and interesu 
which true fish and all high<M 
differ from the Cyclostomes is u 

real teeth. But vertebrate Uxih had * 


point i, 
^’oriebratc 

It Ihr 


beginning no more to do with ih,> 


mouth than had the vertebrate jaws 
ancestral teeth were developed as Irmou 
not as weapons. If you stroke 'a shar 
dogfish, or a skate, the skin feels hard 
rough like a me, because it coutaim thousal 
of spiky scales or “denticles.” The m 
primitive Ostracoderms had similar ski^ 
Each of these denticles is made exartlv lik' 
a tiny tooth, with enamel, demine, pulJ 
cavity, and the rest, anchored in the skin i 
by a little expanded base, so that although 
our remote ancestors lacked proper te4! 
in their mouths, they had them in miniature 
all over their skins. The generality of them 
in the case of a shark act merely as protection- 
but those on the skin that grows into the 
mouth-cavity can help in holing food, and 
so have been enlarged to form real teeth, 
In the shark their points are directed stomach- 
ward, and greatly assist in retaining recal- 
citrant prey. Through the accidents ofi 
evolution it is only these mouth-dcnticles - 
enlarged, elaborated in construction and 
socketed into jaws — which have survived in 
land-vertebrates, while the original armour- 
denticles have wholly vanished. They gi\c 
the best bite Nature has yet produced. When ' 
Mr. Everyman chews his breakfast bacon Ik 
docs it with teeth which are lineally des- 
cended from the fehagreen of a cartilaginous 
fish in the Silurian waters. 

But there is something still more curious 
about these scales and the cartilaginous 
skeletons of our Devonian ancestor. In the 
Lower Devonian (III D i) the very higiiest 
and most efficient skeleton inside an\ 
creature was the early vertebrate skeleton 
of gristle. At first it had no bone in it at all. 
The only bone in the vertebrate body wa'^ 
on the surface ; it was at the base of the 
armour-denticles. Then by degrees 
find it already in some of the Ostracoderms 1 
bone, which is lighter and harder than gristle, 
began to infect the cartilaginous skeleton 
This has never happened in the whole grea 
series of the sharks, rays and other Elasmo* 
branchs — except for their skin they are 
cartilaginous to this day — but tilong 
ancestral line of the bony fishes and all t 
land Vertebrata, the process of ossincauon 
went on. Bone, harder and 

when efficiently built, tighter, replaced 

more flexible gristle. In this first great ag 
of fish<»s<»this process had still to be wor 
out : but, as we have noted, it had m*g 



the eraVof Brawling and swimming 

V rM' ian in hk dcvdopmcnt rcpea^^ gcthcr, looking upwards on the middle of the 
1 advance. As an embryo his head. They probably led a very crab-like 
^nll essentially cartilaginous and life. There were also early lung-fishes in 
h gond hard bone later, some this period, and there were the Arthrodircs, 
till well after birth. If he is put to large active flesh-eating fish with a formidable 
t(io early an age his insufficiently cutting beak instead of teeth. Like so many 
d lei:'' uive and he becomes bandy, thus early fish, they were comparatively unpro- 
^'^^nstraiiiig the biological advantage of tected aft, but had their head and the front 
1 d arme. their trunk enclosed in a heavy cuirass ; 

W \iavc then in the Silurian (III C) and these forms appear to have possessed only 

1 ^Devonian (III D) rocks, two branches hind limbs. One of them, Dinichthys, 
certainly not the main stem of rivalled the biggest modern sharks, attaining 
^ U'brate evolution preserved. First there a length of twenty feet and more. And there 
e those feeble-mouthed Ostracoderms, were a number of bony fish like Osteolepis, 
f^traviiiR existence by an excess of more in the main line of onward evolution, 
[armour, and then in the Devonian an out- but all cumbered by heavy shining armour 
1 armoured cartilaginous fishes with of large, close-fitting scales, bony within, 

I fal laws and also with efficient limbs. They enamelled without. Probably there were 
j [^(liated in great profusion and variety. All also many small and active vertebrate 
I earliest vertebrates we have already noted creatures in this first age of fishes which had 
arc found in fresh-water or estuarine de- not taken to the new fashion of bone and so 
jK)sits ; Ostracoderms and fishes alike, they escaped preservation. 

lure all probably river animals. But in the . No wonder that with this new array of 
Middle Devonian unequivocally marine competitors in all branches of marine exist- 
fishcs appear in the record. Apparently the ence both Trilobites and Sea-scorpions were 
discipline of river life, with its currents to on the down-grade from the end of the Silur- 
tonu nd against, was bearing fruit and the ian (III C 3) onwards, 
vericbrate stock was already able to make It is in the late Devonian (III D 3) that 
successful sallies into the open sea. the first signs of land Vertebrata appear. 

In struclure and appearance, too, a great As startling to those who explore the recesses 
abundance of new types were produced, of past time as were the tracks of Man Friday 
Thf tr were little dogfish-like creatures with to Robinson Crusoe, a few fossilized foot- 
luji^e defensive spinas and others with prints inform the geologists that land verte- 
primitive fins. There w^s one group of brates trod the Devonian mud. One of the 
inic fish so fantastically armoured as to look stocks of early fish had thrown up this new 
almost like strange arthropods. They have kind of creature. But how and why the new 
oiil\ front limbs, and these are jointed almost construction of lungs and legs was evolved, 
lil\(‘ u crab’s ; and their eyes are close to- we must leave for a later section. 
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LIFE CONQUERS "THE DRY LAND 

§ I. The Desert Land of the Early World. § 2. The Curious History oj the r 
plant and Its Seed. § 3. The Plants of the Ancient World. § 4. Coai X jf 
Verlehrata Crawl out of Water. § 6. ^ Coal-measure Forest. § y. An A(;e of%aih 


§ > 

The Desert Land of the 
Early World 

I T is difficult to imagine this world with 
all its land surfaces lifeless ; yet for more 
than a half of its history Life played out its 
drama under water, and the continents were 
practically barren. They were stark and 
bare, starker and barer than the utmost 
desert of to-day. Over the bare cliffs and 
desolate plains the sole breath of movement 
came from the wind and rain. A certain 
margin there may have been of faintly 
vitalized soil. From comparatively early 
times, a few simple algse may have trailed 
their filaments over the seashore or the moist 
borders of rock pools, or a few bacteria 
invaded the crumbling earth surface. But for 
the rest the earth was innocent of plants, and 
therefore of animals as well. Even when the 
earliest true land-plants came into existence, 
they too (like the earliest land-animals) were 
restricted to moist places. Not until Middle 
Devonian (III D 2) times did the earth begin 
to be amply clothed with the familiar green 
of vegetation and the stir of life. 

The face of the land was like nothing we 
know to-day, lliere could have been no 
real soil, for soil is largely a product of plant 
action. There was no carpet of plants and 
felt-work of roots to hold water like a sponge, 
preventing rapid run-off, and to blanket the 
ground from excessive gain and loss of heat ; 
and so the work of frost and wind, rain and 
sun, Avas much more active. The heights 
of the land were worn down quicker and sedi- 
ments more actively deposited, and the 
scenery was more angular and forbidding. 
Even long after the first appearance of land- 
plants vast regions of the land which would 
now be covered with vegetation remained 
desert or semi-desert, since all the earliest 
plants demanded a good deal of moisture. 
Plants like grasses, which can thrive on dry 
steppes and prairies, are comparatively 
modern things. The Paleozoic Era (III) 
knew nothing of them and the Mesozoic (IV) 
comparatively little. There was a desert 
flora and fauna in the Trias ; but possibly 
at least, the regions it inhabited would to-day 
be steppes or savannahs. 
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This should be in our minds when u 
read that such and such a geological dc 
was laid down in desert conditions. G^l 
gists, for instance, tell us that much of Z 
land surface in Devonian (III D) and Triassic 
(IV A) times was more or less desert. But 
we should remember that much ofthe dexert 
of those times would to-day be more oi liss 
carpeted with plants. There are abundam 
forms of life now to mitigate what was then 
a hopeless severity. And the same is true 
of cold lands and of high mountains. In each 
case the fact that plants did not grow there 
meant more violent extremes. The aridiu 
of those remote ages was increased by the 
failure of plants to conquer it : it was a 
vicious circle. 

Plant-life, like human civilization, ha^ 
gradually extended its boundaries. Under 
the pressure of the struggle for existence, its 
beneficent exploitation of the sun’s ener[j\ 
has gradually enriched the world, softened 
its contours and its climate, and reduced the ! 
extent of its waste spaces. And since ihr 
plants opened the door to the animal in- 
vasion, their invasion of the land was a 
necessary pre-requisite to human evolution 

It is a good exercise of the scientilie 
imagination to picture this desolate and 
desert earth, its continents cyclically rising 
out of the waters and submerging them- 
selves again, occasionally undergoing a 
spasm of mountain-building or an ice age. 
but remaining essentially lifeless for well 
over five hundred of our million-yeai 
periods, in spite of the abundant presenee 
and notable progress of life in the waters 
Through all these ages, the lands remaine 
unconquered and must have seemed un- 
conquerable. It is of the invasion m tnn 
territory, not only huge in extent but a 
veritable land of promise from the evolution 
aiy point of view, that this chapter will te 

§ 2 

The Curious History of the Land- 
plant and Its Seed. 

We are so familiar with the plants onh^ 
modern^, world — grass or oak-tue, * 
bush or'^ bindweed — that we fonTt 
evolutionary triumphs they embcHO) 



life conq,uers the dry land 


u itir. mounted, what adjustments 

v '• Tore plants could ^ccessfully 
inci, their whole structure and 
'“‘'f 'rrn i . Kiuction had to be altered. 

icr chapter we left plants, to- 
^V'thc imddle of the Paleozoic Period 
"ill irriv I ‘it the state of higher seaweeds, 

’ ’liolddi^i, rudimentary stem, and the 
of a transport systern in the shape 
ve What was necessary before 

''\T , iicLiiing sprawl of greenery could 
; ' me a land plant ? One great change 
‘’'La to tnakc a fully terrestrial plant was 
'mictural : on land its food was no longer 
II about it ; it must seek the two mam con- 
of its food in two different places. 
To kat carbon and to use it, the plant must 
reach upw.irds into the air and light ; to 
cci water and mineral salts, including all 
iLs iiitroiiteii, it must drive down into the soil 
i^^here alone these things are to be found. 
The primitive single factory had to be divided 
„iio two : the green leafy shoot concerning 
isell with the chemistry of air, the colourless 
ahmtjitive root-system still dealing with the 
absorption of water and watery solutions. 

Ikn this division of functions at once 
iiuuic a better transport systern imperative, 
sime the materials secured by the root had 
1 10 be brought together with the carbon 
tinned from the carbon dioxide of the air 


hdoic anything that can be called food could 
iir piodiieed. I’hc green chlorophyll-tissue 
inamc the region for assembling these 
iiutciials. It is necessary to have water 
ImIoic even simple sugars can be made, and 
waicr IS easier of transport than their other 
(onsiiuients. Accordingly, a system of pipes 
iiad lo 1)0 developed to connect root to leaf 
‘111(1 anangemciils made to set a current 
to bring the water and its contained 
^ilts up in the pipes from root-hair to 
ililorophyll-containing leaf-cells. 'Phis cur- 
is called the transpiration current ; so 
I'liii^ as the plant is alive and actively at work, 
u iu‘\pr ceases. 

h hat the forces are which push or pull the 
of water upwards through the stem 
d a land-plant, even to heights several hun- 
feet above the ground, is not yet cer- 
and exactly known, but manifestly 
Ji|‘y exist and evidently pressure exerted 
jMbe roots contributes its share to them. 

you ran vividly sec if you cut a stem 
^^(“ross in spring when the sap is rising most 
water oozes out and trickles 
’ the surface in large drops. As 
^‘jmenois say, the stem bleeds. The pipes in 
the current mounts are part of the 
‘^^d—niadc of cells \frhich have solidified 


their walls, died for the plant-community’s 
good, and left their cavities unfilled. The 
empty cells may communicate with each 
other by diffusion through thin places in their 
walls, or even coalesce end-to-end to form 
long microscopic tubes, sometimes strength- 
ened by a close spiral of woody material, 
as an indiarubber hosepipe is strengthened 
by a spiral of steel wire. 

Once the food has been manufactured up 
aloft, it has again to be distributed to stem 
and leaves knd other colourless parts of the 
plant. To do this, a second, downward, 
system of transport is needed, and this is 
provided by sieve-tube cells just like those 
already seen in higher seaweeds, only more 
numerous. I’hese, unlike the wood pipes, 
remain alive and their protoplasm actively 
hands the food along. Such is the system of 
the land-plant, and in that direction evolu- 
tion had to go for the land-plant to be 
attained. 

Then comes a second difficulty the seaweed 
had to surmount before it could pass on to 
the grade of a land inhabitant. In the sea 
you never dry up ; in land you are always 
drying up. How not to be dried up was a 
problem every living creature which pushed 
out of the waters on to the land had to solve. 
A land-plant must be protected from desic- 
cation and so its outermost skin has to 
develop thick cell-walls, or be varnished 
over, or whole layers have to be turned into 
dead but protective cork or .bark. But it 
must have some place where carbon dioxide 
from the air can be brought into contact 
with the living chlorophyll. This in the 
normal land-plant is done in the large spaces 
full of moist air which ramify among the 
inner tissues of the leaf ; they communicate 
with the outer atmosphere by the myriads 
of little openings, called “ plant nostrils ” 
or stomata (there are a hundred thousand 
of them on a single big cherry-laurel leaf) 
which pierce one or both surfaces of leaves. 
These serve also to let the excess of water 
brought up by the transpiration current 
evaporate into the air, and they perform this 
duty with great delicacy, since the size of 
each opening is adjustable, closing right 
down or opening wide as required. In 
sunlight the stomata open and the upward 
movement is brisk ; the plant draws upon 
and requires more water at its roots. In the 
shade or at night the stomata close, the 
evaporation and the consumption of carbon 
dioxide diminish. 

Then a third great structural necessity 
must be met by a land-plant. No longer 
is its weight supported by the medium in 
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Ayhich it lives. It must ^ow a stiff suppoit 
for itself. This is provided by pillars or 
bundles of cells which have died after loading 
their cell-walls with a heavy deposit of woody 
substance or lignin ; and these columns may 
branch and join up with each other to niake 
an elaborate skeleton, strong yet flexible. 
Some of these cells serve a double purpose 
in also providing a channel for the upward 
course of the water. Finally, the plant with 
its root and its thickened stem must have 
some means of adding to all these* specialized 
and often dead cells of its trunk ; this it 
does by retaining reserve patches or a whole 
ring of embryonic undifferentiated cells 
(sometimes arranged in the form of a com- 
plete belt, sometimes consisting of a series of 
isolated strands) within the stem and root, 
a living growing tissue constantly multiplying 
and adding on new water-tube cells and 
skeleton fibre-cells and sieve-tube cells as the 
plant grows. 

These main distinctive structures are 
necessary to any land-plant that is to grow 
erect : difference of root and stem, woody 
skeleton, and upward and downward trans- 

E ort systems. And we find that they had all 
cen developed by the Middle Devonian 
(III D 2), allowing large trees to be evolved 
even in that remote epoch, only a few 
million years after the first invasion of the 
land. Then they appear, essential land- 
plants ; and all the subsequent lapse of time 
has brought only minor variations or im- 
provements of detail. 

It is interesting to imagine the slow stages 
by which this escape from the waters was 
attained. Great seaweeds would find a 
definite profit in every strengthening of the 
stem that protected them from being torn 
to pieces by the waves. Every develop- 
ment towards cuticle or bark was a help 
against drying up at low tide when the waters 
receded. The in ter- tidal region was the 
school in which the sea-plant learnt the 
secrets of aerial life. Plants must always 
have been pressed nearer and nearer the 
high-tide mark by the supreme advantage of 
getting the food-building sunlight. And the 
more the root penetrated down and gripped, 
the less the risk of the plant being washed 
away and destroyed. Salt marshes, lakes 
and lagoons were the training ground of the 
future conquerors of the dry land. 

Still another great adjustment, however, 
must be made by land-plants if they are to 
push far from the water, and this concerns 
their ^reproduction. In their sea-ancestors, 
the reproductive cells, both sexual and 
sexless, had been little, naked, actively 
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swimnung specks of life. Dis< i,arsed 
point mtO|||he water they lived and 
their part. Such cells, discha 
would merely dry up and 
therefore, to sustain themselves 
to have their reproductive 


played 


imoair,; 

.""‘and.had’ 

cflls as Well 


their bodily s^cture proof ai^ainst drying 


‘ pro-i 


up. It proved a much more complex 
blem to solv^ than the problem of suoDnrt 
and transportation. The solution wT, 
gradual one. It was worked out in foi! 
stages—the spore was the first, provisional 
response, then came the seed, then the 
pollen-tube, and finally the flower. Each 
gave a further extension of range beyond 
the water, or a further perfection of land-plant 
life, because each reduced the need for 
moisture in reproduction or decreased the 
wastage involved in out-of-water repro. 
duction. It took two hundred and fifty' 
million years before the plants had achieved 
their final improvement in this matter. 

Among the earliest known land-plaStsi 
were two inhabitants of early Devonian 
peat-bogs (III D i) called Rhynia andj 
Hornea, so generalized that some botanists 
have wished to place them with the ferns, 
others with the mosses, others with the algae.: 
But every detail of their structure htis been] 
beautifully preserved, and we will let them 
speak for themselves. The most remark' 
able thing about them is that, though regular 
upright land-plants, from four to eight inches 
high, they had neither roots nor leaves. 
There was a creeping underground stem 
with absorbent hairs on it, but no branching 
root ; and a forking aerial stem. This was 
doubtless green in life, for it had stomata, 
or “ breathing mouths ” of the same type 
as any modern plant, though very few in 
number. Internally it had its regular con- 
ducting pipes of wood, though here again 
their number is small. Thus in their con* 
struction these plants were obviously, though^ 
not very adequately, equipped for land exist-] 
ence. They were land-plants in repro- 
duction, too, for they produced spores wit 
tough thick membranes to resist droug 
Their spores were made in mere swelling 
at the end of some of the branches, wnic | 
were without any arrangement for bui^itig; 
open at a particular spot, like a 
spore-sac. 

Another plant called Astcroxylon ( s 
wood ”), found in the same deposits, is re a 
to the other two, but is the first known p 
with leaves. The leaves, however, arc vc^ 
simpl^i. and have no “ veins ” 0 
pipes Adiating through their 
some ways this sca|y to mark a n* 




Fig. 221. Reconstructions of the earliest known land-plants. 

W kfi to nqht, Astfroxylon, Hornea, and two species of Rhynia, all from the Lower Devonian {111 D \). Morn but 
Astewxylon had leaver. The spore-cases are the dark objects at the end of some of the branches. 


' stage to club-mosses, for the leaves, like theirs, hints. But there is every reason to suppose 
arc small and cover all the stem and branches, that the actual transmigration across the 
These true land-plants were found asso- water-line took place at the turn of 
dated with many algae, including a remark- Silurian and Devonian times (III G and D), 
able plant called Nematophycus (found also and speedily gave us plants with root-hairs 
in th(‘ Silurian (III C)), with gigantic but without roots, with green stenis pierced 
stems sometimes two or three feet across, with air-holes but without leaves, with 
and yet all built up of fine interlacing desiccation-resisting spores but without 
^laments as in modern seaweeds. Such huge elaborate spore-sacs — the bare minimum, so 
algsc are now found only in the sea ; but to speak, of equipment for land-life. But this 
here was one growing in an inland bog. once achieved — after hundreds of millions of 
Another remarkable fact is that some true years of water-life — it took but ten or twenty 
algy of about the same period had drought- millions to evolve huge trees and elaborate 
resistant spores and so were adapted to dry- seeds. 

land reproduction, though they had not As people say, the plants had “ broken the 

oolved a woody stem and the dry-land back ” of their problem. The rest of the 

method of growing erect. None of these conquest of the land for them was a question 
strange types have survived ; they could only of detail and improvement, 
thrive when there was little competition And now we come to the most subtle and 
from plants better adapted to land. curious part of this story, the story of the 

But it seems clear that in the mountain- gradual release of the reproductive process 

building time that brought the Silurian in *plants from the need of more than a 

C) to a close, when continents were minimum of moisture. 

|^5!>ed and waters shrank, adaptation to land- In Book 2 we compared the life-histories 
me must have been at a premium. In of various land-plants, and showed what 
those times of change many seaweeds must strange identifications we were forced to 
have been driven to struggle in various make — how the whole moss-plant corre- 
aj-way habitats — salt-marshes, peat-moss sponds with the insignificant prothallus of a 
fresh-water swamps and bogs ; and from fern or the still more insignificant tube of a 
I or more of these plant adventurers the germinating pollen-grain ; how the green 
^ccsiors of true land-plants must have spore-bearing leaf of a fern corresponds with 
Their actual lineage has not yet the stamens and ovaries of a buttercup. And 
vouchsafed to us. All that we have as we hinted that the transformations that 
^ a tantalizing coljisction of scraps and greet us as we pass up the vegetable scale 
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thcplant‘.1,rogr«sivcadapUtiontod^k^^^ no 

Then wc were concerned mainly with provide the necessary film oi * . 
forms and the comparison of forms. Here fertilizing sperms to swim in ' 
we come to the explanatoiy story. We could Along the other line, the so i 
not tell it, however, until we had justified remained a mere creeping thliil 1^?''“' 
our belief m Evolution ; for without Evolu- sexless generation grew stems i ^ thi 
tion, biolo^ is only disjointed facts ; with shed its spores into the air. 'i',, 
Evolution, it is seen to be one great dramatic already protected against desirr^^ 

history, formed of thousands of interwoven could be scattered in the drv ’ 

adventures. Devonian (III D) plants like Ho 

Let us tell the story of the Land-plant as we have already described, were 

it ought to be told, beginning, as is right and early members of this line • 

proper, with a humble beginning, tracing were a later improvement’ In th'^ r 

our hero’s many vicissitudes, and following the sexless generation is el ibn , 
the tale out to its happy ending. It is a large, and does almost all iIic '^Lh' 
story of emancipation ; of life rising above work of the species ; the sexual af 
old handicaps. It is not always an easy is reduced to a tiny prothallus ^ itri*""i' 
story to follow, as it makes its turns and manufacturing activities and its growtl' * 
twists ; but it is worth following, since to down to the minimum needed to dev l" 
grasp it gives a new meaning to every tree male and female gametes. In Moinea Vl' 
and flower. spores were produced in the tips .il! 

The seaweed from which all land-plants branches ; but in ferns and all higher plan, 
sprung must have had an alternation of they are manufactured in special little Ixixr 
generations, a sexless generation reproducing or capsules of the most delicate constructior 
by spores, and a sexual generation repro- attached to leaves. This is represented li 
dticing by gametes, such as we have described our diagram by Stage B. 
in the fern ; for all land-plants, from mosses The existence of a prothallus, (ihslin.iirl 
up, go through this double cycle. The first persisting in its ancestral ways of ferlili/..inoii' 
step towards successful reproduction on land is a hindrance to further conquest of thi' Lind 
was to turn the spores from active swimmers However well adapted the main pl.int m.n 

in water into tough-walled cells that could be to dry conditions, it is tied hy the Ice 

he and drift about unharmed in air. The or rather by the prothallus, to moist pl.uct 
sexual cells, on the other hand, cotitinued for only in such places can the proth.iihr 
for ages true water-livers. But although grow and fulfil its function and the ferlili/d 
the sperm still had to swim to the egg, like egg has no power of dispersal, but must^iov 
Leander to Hero across the Hellespont, all up into a new main plant on the spot wiii ri 
the swimming could be done in microscopic it took its origin. 

films of water on the plant s surface. For "Fhe first step towards surmouniinit ihi 

that, however, it was necessary that the difficulty, however, was taken, it seems, fm 

sexual generation should still live in moist quite other reasons. Female organs lucci 
places, and on this account we may be sure larger prothalli to grow on than do iiialf 
that all the earliest land-plants were in- organs ; indeed, by stunting the g^o^^th ol 
habitants of the border-zone between land a fern prothallus you can make it produci 
and water. And in all probability both their exclusively male gametes. A division •>! 
sexed and sexless generations were, to begin labour came into being. Two kinds ol 
with, mere flat and creeping plates of green prothalli developed, one small and male, th» 
tis^e. ^ other large and female. As the mak 

From this condition, two main lines seem prothallus could produce sperms after vrI^ 
to have branched out. One of these erected little growth, it could take its origin from 
the sexual generation into the main plant, small spore ; while the more ample grouth 
and provided it with stem and leaves and of the female prothallus was best prmddcc 
root-like organs ; the sexless generation for by making it grow from a laige spore 
being reduced to a mere ^ stalk bearing a Thus sex was thrown back, so to spt ak, Irorn 
capsule full of spores, parasitic on the other, the gametes on to the prothalli, and koni 
This line produced the liverworts and cul- them on to the spores from which they 

minated in the mosses. It got no higher, origin. The reduction of the male [nothalluj 

It IS represented in our large diagram by soon went so far that it lost all its ililoropnyl 

Stage A. It failed to produce proper and bopame little more than a thin 
conducUng pipes in its members, partly no cells round a single male organ. A'" 
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finale prS ^<Si^ until 
K fnlrfcapsule produced only a few 
.norrs, sometimes only the single . 
f tour produced after a single 
° • and each so large that to 


jroup . 


■^uTprol'hX"’ ouTof it little growth was 
segmenting like a 


ilic first step in 
' “hallus of its size 


jroi 


li-rtili/ed egg into many little celh. 
^ loss by the 

and independence. 


I, ■ siagc in the given diagram. 

This accomplished, the second step, Stage 
I) could he taken— the first definite step 
,;„,rds making a seed. The female spore- 
bursts open as usual, but in such a way 
l', i, instead of its large spores being ejected 
the ground, they stay where they arc 
„,(1 s-erminate into prothalli while still 
rtithin its protecting walls. They become in 


ad parasitic on 


their parents and refuse to 


,, out into the dry and dangerous world, 
ihc little male spores are shed as usual in 
uiirf quantities ; most of them are^ wasted 
ind piTLsh, but a few drift and sift into the 
piping female spore-sacs. Moisture can 
lull in here, too ; and when it does, the male 
pons germinate and form their vestigial 
pniilialli and their bunch of active sperms, 
;\i]irh swim to fertilize the eggs that the 
Icniale prothallus has now produced clo.se at 
Ihiiid. 'I’his state of affairs we find in some 
()i ihe liiglier Cryptogams above the fern 
Inrl, in the r.lub-mosses for example. 

1 hib parasitic female prothallus of the club- 
moss, oner fertilized, is nearly a seed, but not 
qiiiir. J’hc spore-case soon breaks off, and 
ihc foui embryos, each sucking nourishment 
from the remains of the prothallus in which 
iliry are still embedded, are tipped out to go 
'll with life on the ground. 

1 Ins IS the phase in which we find a con- 
irnipoiary club-moss like Selaginella. By 
itiis stage the sexual generation has suffered 
J radical telescoping. Compare Selaginella 
"itli a fern. In the fern, the job of the spore- 
tapsulc is over when it has shed the spores ; 
'hr job of the spore’s own wall is over when 
h has protected the delicate contents until 
'hr nionient of germination. But here the 
'‘fnijryo may be found absorbing food from 
'hr prothallus, which is still inside the 
rinalc spore’s coat, which in its turn still lies 
"ithin the spore-capsule. One sexless gener- 
‘i'loii has thrown a bridge to the next across 
' 'c gap of the sexual generation, and the 
‘^’'^'gmally separate and consecutive stages 
lie one within the other, like Chinese 


bjx( 


But 


go on to a further obliteration of 


^ 

dfMiion of labmr between (wdinary leaves 
and spore-bearing leaves. In most ferns 
all leaves are alike, and alf produce spores. 
In most higher plants, however, the spores 
are manufactured on a few leaves only. 
These special spore-leaves gradually grow 
less and less like ordinary leaves ; they grow 
smaller, they lose their chlorophyll and give 
up the business of manufacturing food. 
They become adapted to one piece of work 
only — like a workman in a modern factory. 
Most frequently the spore-leaves are arranged 
in little groups at the end of special shoots ; 
and these are the first beginnings of cones. 

This differentiation of leaves into true 
leaves on the one hand, and spore-leaves on 
the other, we may call the third flower-ward 
modification, although it may just as well 
precede as follow our second flower-ward 
modification. 

Now comes a fourth modification (Stage 
E of our diagram). The essential abbrevia- 
tion here is that the embryos embedded 
in their parent prothalli are not tipped out 
of the female spore-capsule soon after fertiliza- 
tion ; but the spore-capsule is adapted from 
the outset, not only to produce large female 
spores, but to be a protection to the embryo 
until it has sucked the prothallus dry and is 
ready for independence. The female spores 
are never shed : the prothallus undergoes all 
its development inside the spore-capsule, 
and never sees the light of day. It has lost 
all its green pigment and with it all power 
of manufacturing food for itself. Any 
growth which it makes is achieved in true 
parasite style at the expense of the surround- 
ing tissues of the spore-capsule. 

The sexual generation is now completely 
protected within an organ of its sexless parent. 
The wall of the spore-capsulc not only pro- 
tects the spores, but the prothallus and the 
embryo as well : it has become the seed- 
coat, and the whole structure, from its coat 
outside to the embryo at its core, is a true 
seed. 

But how is fertilization effected ? How, 
under these conditions of enclosure, are the 
sperms to swim ? The original device for 
securing fertilization in these seed-plants was 
what is called a pollen-chamber. This was 
a cavity in the top of the female spore-capsule 
to catch the male spores, which we shall call 
pollen-grains from now on, for that is what 
they were. The identification is quite plain. 
This cavity was often further protected by the 
growth of a rim round it, which might even 
shoot up into a spout with a narrow central 
tube leading from exterior to pollen-chamber. 
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Fig. 222 . A Diagram of the Evolution of Seed and Flower. 

In each C(ue {i) u spore-producing fj^etmahon ; (2) is spore-leaf ; (3) is spore-case ; (4) is germinating spore : 
gamete-producing generation ; (b) is gonads ^ gametes and fertilization; (7) is development of embryo; (H) n 
spore-producing plant. Thus the various corresponding stages are in vertical columns. In all, spore-leaf > 
ill III ! Spore-coat {when prelent) ; gametes and developing embryo Hf. {A) Moss, Spore-producing z^neralton 
parasitic on gamete-producing genetalwn. (B) Fern. Spore-producing generation large but (B 8) parasitu on 
producing generation for a short time. (C) Horsetail. Like fern, but has spore-leaves unlike foliage leaves, and small mat 
and large female brothalli are often produced. {D) Club-moss {Selaginella) ; A/a/e and female spores, spate-cases a 
spore-leaves as well as prothalli. Only four female spores. Spores form prothallus inside spore-coat. (F) Conifer 
Male ^othallus reduced to pollen-tube. Only one large female spore formed. Female profhallus never escapes ftom spar 
case (lightly indicated in E 4 and 5). A true seed is formed. {F) True flowering plant, Male spore-leaf is " 
Female spore-leqf is a carpel and encloses spore-case. Female prothallus never escapes from spore-case or spore-ley 
indicated in F 4 and 5) . It forms only eight cells before fertilization. The seed is inside a fruit made from the sport- J- 
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.IS the case, the pollen-grains 


""1, V,v a drop of sticky fluid which 


this 

'.dcdrand then later sucked down 
ch itnber. ^ach male spore, once 
gitnv out into an excessively vestigial 
xNhich we now call a pollen-tube, 
r^lmeci ils way through the tissues of the 
c u^nlo's wall, formed sperms, and then 
T t and l>r^ukc down into a micftscopic 
dplji o^fluid, so releasing the sperms to swim 

happens in the most primitive 
„..d-plants now existing, the Cycads. 

\ftpr fertilization, the embryo grows a 
hit and then passes into a resting condition. 
Meanwhile, the spore-capsule becomes tough 
and woody and turns into a hard seed-coat. 
The whole structure is now a ripe seed and 
Lntually falls off. What we call the 
Lnniiuitiori of the seed follows in due course : 
I is the embryo resuming its arrested growth. 

Ill the eliib-nioss Selaginella there are only 
four female spores to each capsule. In all 
Ining seed-plants, the four have been further 
reduced to onc~or rather, though four 
hririii to be formed, all but one degenerate. 
And though several eggs may be produced 
Ihy the eaptive sexual generation, only one 
jgrows into an embryo. A somewhat similar 
reduction is seen, not in the number of male 
spoies to which each male spore-capsuic 
j^ves risi‘, but in the number of gametes 
which each male prothallus forms : in all 
the highest plants there are but two. 

In all living seed-plants, too, another 
flahoiation has occurred, the fifth phase 
■Stagt* F) in this strange eventful histoiy. 
Ihis consists in extending differentiation 
to the spore-leaves that carry the spore- 
capsulcs. Even in Cycads the male spore- 
baves differ from the female in their smaller 
ill the number of spore-capsules they 
produce, and in various other ways. Once 
this step has been taken, their homology is 
tnanifesl and we can call them by more 
tamiliar names : the male spore-leaf is a 
^Imen, the female is a carpel. 

A sixth improvement has also been taken 
y almost all living seed-plants. It is the 
stippression of active sperms. Instead of the 
^ Icn-iube performing only its original 
^f first anchoring the male pro- 
jIj ^ ^'td then breaking down to release 
sperms, it becomes an organ for pene- 
^ ^tng long distances through the tissues of 
^ ^pore-capsule and into the female 
P ^hallos, and so for transporting its con- 
j all the way, to the egg’s 

I ^Noor. Relieved of any need for 
the male gametes never develop 


cilia, and, indeed, become mere nuclei, 
floated passively along to their destination. 

There arc yet other steps which had to be 
taken before the perfection of flowering 
plants was reached ; but these were not 
achieved until late in the earth’s geological 
history. The six advances we have described 
have brought us only to the naked-seeded 
plants, not to the true flower. The flower 
is in a sense a refinement, not essential to the 
fulness of land-life. It was not the flower 
but the seed with its pollen-chamber which 
liberated land-plants from their subservience 
to ancestral dampness. All the same, we will 
pursue our story to its end, for, if not essential, 
the flower is at least a great improvement in 
terrestrial reproduction, since in flowering 
plants the seeds are given extra protection, 
and waste is cut down all round. 

I’his final step that gave the world its 
flowers is this. The female spore-leaf or 
carpel changes its original function entirely, 
to arch round and enclose the spore-capsule 
in a little hollow box. Sometimes several 
carpels conspire to make a single box, some- 
times one grows right round. And the spore- 
leaves, now made protective, do what the 
spore-capsules did before them in evolu- 
tionary history — grow up in a sort of spout. 
This is the “ style ” or pillar, with the sticky 
stigma on its top to catch pollen. This time, 
however, the outgrowth is solid, not hollow, 
since the pollen-grains are by now old hands 
at the job of burrowing their way through 
solid tissue by means of their pollen- tubes. 
This extra protective layer made possible 
the development of fruits ; for a fruit is, 
morphologically speaking, nothing more than 
one or many seeds enclosed in a container 
derived from the spore-leaves (and some- 
times from other neighbouring parts of the 
mother-plant) . 

This change from naked to protected seed 
was accompanied by two other equally 
striking developments. The spore-bearing 
cone was compressed from its original 
elongated condition, and some of its spore- 
leaves (or possibly some of the ordinary leaves 
below it — but that we must leave to the 
botanists to decide) t^jere converted to still 
fresh uses : the petals for advertisement, the 
sepals for protection. The cone has become 
a true flower. The flower, in other words, is 
a leaf-bearing shoot like the other shoots of 
the plant, but first its leaves have become 
turned to various unleaflike uses, and 
secondly, it has been so changed in shape 
that during its development the central part 
of the flower, which is structurally, and 
was once actually, the free tip of the flower- 
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shoot, is arched over by the most basal leaves 
of all, the sepals, and so the whole is turned 
into a prettily closed and well-protected bud. 

The second change is even more remark- 
able. Instead of the female spore germina- 
ting into a regular prothallus, albeit a small 
and colourless one, as in the naked-seeded 
plants like pine or fir, its nucleus divides 
three times, forming eight nuclei. 'I’wo of 
these move to the middle of the cell and fuse, 
in just the same way that the nuclei of egg 
and sperm fuse at fertilization. Now there 
arc seven nuclei ; and these all surround 
themselves with walls and become cells. 
Of these seven cells one becomes the solitary 
egg which the vestigial prothallus produces ; 
five come to nothing ; and the central cell 
with the fused nucleus, called the endosperm 
cell, awaits the event. The event is pro- 
vided ])y the pollen-tube burrowing its way 
in. When it reaches the prothallus, there 
are strange doings. One of its two gamete 
nuclei unites with the nucleus of the egg ; 
and the other, instead of resigning itself to 
degeneration, which is its fate in fir or pine, 
makes for the nucleus of the endosperm-cell 
and unites with that. The fertilized egg-cell 
grows, as per rule, into the embryo ; the 
fertilized endosperm-cell grows into the 
endo.sperm or main reserve-material of the 
seed, destined to be used up later by the 
embryo. There is thus a double wedding 
within the walls of the female spore-capsule. 
Two brothers, we might say, are united with 
two sisters ; but there is a complication, 
for one of the sisters is herself a double 
product, two in one, and is later sacrified 
to the welfare of the senior couple. 

What the meaning of the two-in-one 
endosperm nucleus may be, we do not 
understand ; but the meaning of the double 
fertilization is clear. It is to prevent waste. 
In all our series of plants, from fern up, the 
prothallus has served not only to produce the 
gametes, but to help nourish the embryo. 
Now that it is wholly parasitic on the sexlc.ss 
generation, and produces but one egg, 
gamete-production need take very little of 
its energies. Accordingly, in order not to use 
material in producing a mass of nourishing 
tissue which would be wasted if the egg were 
not fertilized, the development of this main 
part of the prothallus has been made 
dependent, like that of the egg, on the vital 
kindling of an act of fertilization. 

As further prevention of waste, we find that 
in flowering plants the development of the 
fruit too has been made dependent upon 
fertilization. If the egg is not fertilized, the 
female spore-leaves or carpels do not enlarge, 
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and harden or become fleshy .j , 
be. How precisely this is 
we do not know. It is not due tn . ^ 
act of fertilization, but 
chemical influence spreading out f 
growing embryo and endospmn 
course a still further prevention of u-.o 
the substitution of insects tor wi 
transporters of pollen ; but that storv 1 
reserving for a later chapter. | 
Thus in the higher flowering plants ,i 
telescoping of stages has gonr fi, i,,,,. 
that attained by the gymno-sperms. Snnrp 
leaf, spore-capsule, spore and prothallus* 
all come to surround, protect and miniMen 
to the embryo of the next spore-heanJ 
generation ; and the spore-bearing gener] 
tion can no longer justly be called sexless 
since sex has been thrown back iVom ganiei^ 
to prothallus, prothallus to spore, spoic i,i 
spore-capsule, and spore-capsule to spou-. 
leaf; indeed in some plants, like the 
bisexual hemp or dog’s mercury, on to the 
whole cluster of spore-leaves that we call j 
flower, and back on to the whole spore- 
bearing plant. And the originally indc- 
pendent sexual generation has been trapped, 
imprisoned, reduced, made to serve new ends, 
Were it not for the complete series of traiho 
tional stages, we should never he able i<i 
recognize in the pollen-tube or the lew (clb 
round the egg of a flowering plant ilit 
ecprivalent of the I'ern’s green prothallus oi 
the moss’s leafy shoots. 


§ 3 

The Plants of the Ancient World 

This story of the perfecting of a land-plaiii 
was not so straightforward in reality as oni 
narration might make it appear. We 1 m\( 
cut out everything but the bare fma 
essentials. Even the first dispensation ol 
land-plants, the vegetable dynasty that 
dominant for some hundred and fifty million 
years from the Mid-Devonian (HID 2 
showed the greatest variation in their pu* 
gress towards seed and flower. 

Of higher woody-stemmed laiid-pfit>'^ 
(which alone can grow tall and alone an 
likely to be preserved fossil) there were fn< 
great groups, all established already in tni 
Devonian. First there were fiaiis. dh* 
vast majority of these have never taken evo 
the fimt step towards making a seed. 
spoi remained all alike, their sexua 
gen ation always free. , 

If the ferns were the least advanced, | 
most “^advanced were the Cordaiie^is, ^ 
group including many fine trees. 1 ^ 
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f,r, the botanist Corda, were an 
of the true naked-seeded stock, 
■ 1 im 1 to our pine and other conifers. 

•‘''‘**'1“ ‘i. ifl lone strap-shaped leaves in 

*3 •"'1 

j ,1 vith a large pollen-chamber, 
S'lrhiK th.tt they had not developed proper 


p,4ifn-ttil>'^- 
’^Then tliere 


Then tliere was the club-moss tribe, 
iilire in some ways the most interesting 
anrieiit plants, since they were the 
ist successful, the tallest and the most 
Inncetl of the earliest large trees. Some 
\them rc.irhed a hundred feet. But, like all 
contemporaries, their mechanical con- 
struction was not so strong as that of modern 
With their insufficiency of strong 
,s(,od, thev could never have carried the 
broad, spreading crown of an oak, or soared 
up to heights of two and three hundred feet. 
Viioiig tiiem we find all kinds of attempts, 
i so to hpeak, at seeds. But the attempts were 
iKAcr wholly satisfactory. Some remained 
'in die primitive state of producing only one 
I kind of spore ; but perhaps the majority 
Ifhid taken the first step towards seeds, and 
liiiain the second step, having had large 
Irniale spores which often germinated into 
proilialli within the parent spore-capsule, 
and there were sometimes fertilized. Finally, 
in ^oine of the giant club-mosses, what we 
wm call a “ ialse seed ” was evolved. Here, 
,1^ 111 true seed-plants, the number of female 
in each spore-capsule was cut down 
; to one, and the spore was never shed from 
the capside. But instead of the seed-coat 
made by a thickening of the spore- 
capsulc's wall, this remained thin, and pro- 
iintioii was afforded by a special leaf or 
ItMct nhith grew up round the capsule and 
l‘iter iiccame rough and woody. And 
liirthcr the “ seeds ” were shed, in many 
at least, before fertilization instead of 
''Jiiing till an embryo had developed, so 
that the ancestral need for moist places was 
not eliminated as it was by true seeds. 

^cxi came the horse-tails or Jointed Plants 
Articulates), which, though some grew sixty 
high, never reached the dignity and 
l^rength of the club-mosses. All the modern 
horse-tails are primitive in producing spores 
of one kind, without difference of sex, 
ferns. But a few of the ancient forms 
hnd lakdi step one and produced small male 
large female spores. None, h-'wever, 
ever to have gone farther on i. road 
'0 seedi'dncss, though their spore-leaf loones 
sometimes of elaborate construction, 
are one of the best examples of a 
I atively primitive form of life, achieving a 


temporary success by rapid specialization 
in one or two directions, and then being 
eclipsed by competitors which had gone 
in for slower but more solid and more all- 
round advance. 

Finally comes a remarkably interesting 
fossil type — that of the PteridospermSy which 
being translated means Seed-ferns. These 
had foliage so fern-like that until about 
twenty-five years ago they were universally 
regarded as ordinary ferns. In 1903 a 
pretty piece of detective work showed that 
the fronds of a “ fern ” called Lyginopteris^ 
and certain seeds found separately in the 
same strata, both possessed little glands, 
stalked and with a round head, unlike any- 
thing known in any other plant. And a 
year later another fossil “ fern ” was dis- 
covered with seeds actually attached to its 
leaves. A picture of this plant is given in 
Fig. 130. Now wc know that at least six 
families of these seed-ferns are to be dis- 
tinguished and that the group differed from 
true ferns in the internal construction of its 
stems as well as in its reproduction. The 
resemblance between the two groups is^ a 
superficial one, like that between a porpoise 
and a fish. 

Some of them were very tall, but the 
majority grew into smaller trees or bushes. 
'I 'he seeds of some seed-ferns were tiny, in 
others as big as a hen’s egg. All had an 
elaborately constructed pollen-chamber, in 
which pollen-grains arc sometimes preserved 
for our microscopes just as they drifted in 
some two hundred and fifty million years 
ago, and the walls of the chamber we some- 
times find supplied with an elaborate system 
of little pipes that must have pumped up 
water to make a pond for the spermatozoa. 
In one called Heterangium, the pollen-chamber 
had been brought to a higher pitch of special- 
ization than in any other known plant. 
There was an outer ante-chamber and an 
inner chamber in the form of a circular 
groove arched over by a thin, movable flap 
or lid. At the bottom of the inner or true 
pollen-chamber were the female sex-organs 
of the imprisoned prothallus. Apparerttly 
this flap was first held open to catch some of 
the pollen-grains shed from the male spore- 
capsules, and then grew over to trap them 
so that they could germinate undisturbed. 
The male spore-capsules of many seed-ferns 
have also been found. 

The interesting thing about these plants is 
that they had developed real seeds, but grew 
them on their ordinary leaves instead of on 
special spore-leaves : nothing in the least 
like a cone or a flower was evolved in the 
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group. The only movement in this direction 
was taken by plants like Telangium, in which 
each branch divided into three fronds, the 
two on either side being green and leafy, 
the one in the centre, though branched and 
frond-like, devoted entirely to carrying the 
pendent seeds. The seed-ferns had taken 
steps one, two, and four, but had omitted 
step three. 

Thus, of our five great groups of ancient 
plants, two had clung to their old ways and 
always passed through a free sexual genera- 
tion on the ground ; two had developed 
seeds ; and one, though seedless, had arrived 
at a half-way house. All these groups can 
be traced back into the Upper Devonian 
(III D 3) and most of them, including a 
primitive Cordaitean and some seed-ferns, 
as true seed-plants, to the Middle Devonian 
(III D 2). Though we see many examples 
of plants which have persisted with partially 
evolved seeds, the actual evolution of these 
seeds has not yet been revealed to us in 
fossils. Presumably it took place with 
some rapidity (geologically speaking) in 
Lower Devonian times (III D i), prompted 
by the cool and arid conditions which then 
prevailed. 

The truth of the matter may be a little more 
complicated than the story we are telling 
here. Many botanists believe that the thres- 
hold between sea and land has been crossed 
not by one stock only of plants, but by 
several, and that the Jointed Plants, the Club- 
mosses, and the Ferns, for instance, are not 
relatives all descended from a common land- 
ancestor, but travelling companions who have 
all happened to take the same road, like 
land arthropod and land vertebrate. Against 
tbis It may be urged that the earliest 

land-plants known — Rhynia and its rela- 
tives— show extremely primitive characters 
from which the other, later, types could 
well be derived. I'he answer lies some- 
where in the rocks of the Lower 

Devonian. 

In any case, it is certain that by the Middle 
Devonian (III D 2) the earliest forests were 
in fexistence, and that for the first time there 
was abundance of green life out of water as 
well as in it. From the point of view of 
animals, this spread of vegetable life meant 
in available food ; animals doubtless 

could have emerged on land long before, 
but there was no incentive for them to 
do so, and no possibility of them supporting 
themselves there, any more than there is 
the possibility of an agricultural civiliz- 
ation colonizing the Antarctic continent 
to-day. 
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§ 4 
Coal 


These swamp-plants and land-nla,,,, „,i ■ , 
first appeared m the Devonian P,'ri,.d 'H i u 
found, in the subsequent score of mililon 
years, phases of great encomag( ine„, ’ 


world passed through periods 


I he 


and moisture which released 
possibilities of increase to an ejirn 
expansion. This expansion gave thTneS 
next after the Devonian its specifif fharaetd 
and its name, the Garbonileious VerJ 
(III E). A huge accumulation of veKa-tabS 
matter occurred and became liissili/ed aMh] 
combustible black rock we call coal. ThJ 
great part of the world’s coal derives (nJ 
this age. These Upper Carhonifemus del 
posits have played so great a pan in ihd 
economic development of mankind, 
cially in Britain and the United Stales, that 
the period is known as th(‘ Coal-incdsuie 
Period. 

For the best part of twenty million \eat^ 
these Coal-measure forests throve, liic 
lands where they grew were subjected lo a 
general sinking, accompanied by repealed 
small oscillations of level. The sinking; wa'i 
so prolonged that the total thickness oj 
sediments laid down along the shoies piles 
up to over ten thousand feet. The oscilla- 
tions of level drowned forest after ioie^t 
where it stood ; sealed its icanains awav 
under a lid of sandy or muddy .sediment, then 
raised the whole area above \s7ttrr agaiij lor 
another forest to grow and in its due lime to 
Ix' flooded, killed, and pre.served. TIh* 
results of these regular ups and downs c an be 
read to-day in the. way the layers ol rock 
generally lie in a coalfield, tiie coal scams 
alternating with bands of other rocks like 
layers in a Neapolitan ice. Olten the laser 
below each scam is clay, formed of line con- 
solidated mud in which impressions ot ir^ 
roots are frequent, and the lid over the .seaia 
is generally stratified shale or siindsioiic 

Often the clay contains the rush-tw 
subterranean stalks of calami tes or 
forking buttress-stems of giant cl ub-nios 
with their roots still attached, , 

the trees grew where we find them to j 
shedding their leaves and branches ^ , 

tribute to the coal above. But thoug 
of the raw material of coal was 1 

piled up, just as it is in the (neat 
Swamp of Florida to-day, by the 
remains of generations of plants 
the swamp and dying where the ^ 
it seems clear that this was not tin' nn 
Sometimes true land forests 
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. J ,ri'l drowned ; and much material 
h. <11 floated down in the sluggish 
'“'soiiK coals were formed in estuaries 
ri'f- , others in fresb-water lakes 

^ process by which a mass of 

MCI, IS and spores is turned into a 
k^'riilack material like household coal or 
Incilr, < if^hty or ninety per cent, pure 
\ i#is ‘1 ii^a^ter for the chemist and the 
interested will 
fcUii cx^rWeni discussion in Arber’s little 
h)oi Thr Scitiiral History of Coal. Let us 
liiml ourselves that there exists every 
liidation between the hardest anthracite, 
fliioiigh Household and Canncl and Brown 
to Lif^mitc and to Peat, which has 
.scirrcK more carbon in it than ordinary 
iv(Mi(l ; and that the raw material for coals 
ofcseiy description is still being accumulated 
kkIiIV, diiefly in sub-tropical and tropical 
sv.mips and peat-mosses. What will happen 
toihis poK'iitial coal depends on the way it 
jis .unimulating, the sealing-off that it may 
'pi, and the weight and the squeezing to 
! which it will be subjected in the next score 
Iniillioii yinirs or so. It will never become 
anihr.uiti', for instance, unless it is subjected 
to the enormous pressures and temperatures 
which exist deep within the crust of the 


earth. 

1 h(M(‘ is plenty of other excellent coal in 
the world besides the coal made by giant 
fliih-inosses and calamites and other Carbon- 
ifcryiis plants. In the adjacent arctic lands 
-olSpiisliergen and Bear Island, for example, 

0) 11 Find Devonian coal (III D), Carbon- 
ifnonscoal (III E), Jurassic coal (IV B) and 
b)(nie coal (V A), proof that four times in 
hts liistoiy this polar region had a warm 
idimale and supported great swampy forests, 
fiiit tlie Upper Carboniferous (III E 3) was 

coal period. Well over half the world’s 
present supplies of good quality coal were 
laid down in this Coal-measure time. When 
remember that it takes about ten years 
to produce an inch of good peat, and thirty 
or forty for an inch of coal, we may be thank- 
lul for the climate of the Upper Carbonifer- 
otis and the long-continued oscillating in- 
tiecision of its sinking shore lines which 
^nspired to give us the gredt beds of black 
one on which nineteenth-century civiliza- 
^nw'as founded. 

file total amount of coal in existence is 
Jiorinoiis some seven million millions of 

1) \ . r careful estimate made 

This*^ Survey of Canada in 1913. 

1 ^ over four times as much carbon 

our atmosphere to-day. 


What effect the withdrawal from the atmo- 
sphere of such a vast hulk of carbon as that 
represented by thfe Carboniferous Goal- 
measures might have, we do not yet know. 
There is a profit and loss account contin- 
ually going on, carbon dioxide leaking out 
from the interior of the earth in volcanoes 
and hot springs, being withdrawn from the 
aiV to make wood and coal, from the water 
to make corals and shells and limestone, and 
passing from water to air if too much is 
taken from the atmosphere, back again into 
water if the atmosphere’s share goes up too 
high. And we do not know enough about 
this give-and-take to know how big or how 
lasting an effect such a long-continued drain 
of carbon may have produced. 

It cannot have had any marked permanent 
effect, for the number of “ plant-nostrils ’* 
or stomata on modern leaves is not very 
different from what it was on the pre-Coal- 
measure plants, showing that the amount of 
carbon dioxide available in the air is not 
very different now from the^. But it is quite 
possible that some temporary shortage was 
brought about ; and if so, the coal-plants 
themselves helped to bring their own lux- 
uriance to an end. 

Whether or not we ever succeed in recon- 
structing the balance-sheet of remote epochs, 
two items of the economics of life stand out 
clear enough. Coal to be formed in con- 
siderable amounts demands a particular 
combination of circumstances- -the energy 
of sunlight, the chlorophyll-machinery of 
luxuriant air-breathing plants, a warm clim- 
ate, and swampy sinking coasts, and these 
conditions must be continued for geological 
periods. The result is bottled energy. 

But we arc using up that energy many 
thousand times faster than it was bottled. 
In 1905 man dug up over 900 million tons of 
coal ; in 1910 he dug up nearly 1,150 million 
tons ; in 1923 over 1,300 million tons. 
Europe has reasonably available coal to last 
her, at the present rate of output, about 
500 years ; the United States, the richest coal 
country in the world, has only about 2,000 
years* supply. 

Coal took millions of years to accumulate ; 
we are spending it in a few centuries. 


§ 5 

The Vertebrates Crawl Out 
of Water 

I’hough it is true that animals could never 
have colonized the land until the green plants 
had gone ahead to cover the barren rock with 
nourishing vegetation (just as it is necessary 
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for an advance-party to establish supply- 
dumps along the route of a polar expedition), 
nevertheless the evolution of legs and lungs 
in vertebrates does not seem to have been a 
simple response to the new possibilities thus 
opened up, but was forced upon them by an 
entirely different influence, drought. Once 
they had acquired legs and lungs and the 
possibility of land-life, they proceeded to the 
exploitation of the vegetable food-supply 
whenever and wherever it became available. 
But had it not been for drought and oxygen- 
starvation and the drying-up of their ancestral 
pools, they might never have left the waters. 
In much the same way, had it not been for 
the necessities of war, the aeroplane would 
never have developed so quickly ; but once 
it was developed, the fields of the air were 
open to man and advantage was speedily 
taken of the new opportunities for commerce 
and peaceful communication. 

Lungs and legs are the characteristic mark 
of the land vertebrate. But the first step 
towards lungs had been taken long before 
land vertebrates were po.ssible, when the 
ancestral bony fishes developed an air- 
bladder. There can be little doubt but that 
the air-bladder was an adaptation to life in 
stagnant waters, enabling its possessors to 
supplement their water-breathing by gulping 
air at the surface. Originally perhaps a 
mere recess in the gullet, richly supplied 
with capillaries, it must have soon developed 
into a primitive lung, a sack with abundant 
blood-vessels into which air could be forced 
through a primitive wind -pipe. To start 
with, the bladder-lung probably lay below 
the stomach and gullet ; but in most fish it 
has been shifted round to the upper side so 
as not to make the animal turn belly-up 
when the bladder is full of air or gas. 

Nowhere but in fresh-water is there likely 
to be any long-continued unc.scapable short- 
age of oxygen ; and we can be reasonably 
certain that bony fish evolved in fresh-water 
and not in the sea, so continuing that fresh- 
water evolution which we found probable 
for the early vertebrates as a whole. 

This evolution of bony skeleton and air- 
bladder probably befell one of the stocks of 
primitive gristly shark-like fishes in some 
corner of the late Silurian world (III G 3) ; 
for by early Devonian (III D i) times 
several types of true bony fish were in exist- 
ence. Almost all these early creatures were 
heavily armoured, their trunk with a chain- 
mail of beautiful enamelled scales ; their 
head with a plating of bones, also often 
enamelled, that ran back to join the scale- 
armour behind ; they had rather long 
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bodies, clumsier and less well 
than most modern fish ; 
hind-limbs were far apart, 


and 

primitive types, with a ce'nTral hhv 
a fringe of fin-rays. Most of ti. ir U 
m their outer armour, but 
invading their inner skeleton .,s wHl a"* 
few parts of the gristle of tlu ir ] 
column were already replaced hy bon 

'Fhose primitive fish, still mainly caitil-.. 
ous within but bony outside, diverged 
two mam lines. One becanK' more hT 
like, the other less ; one rccolomml the se 
the other eventually invaded the lands t’ 
the fishier fish the armour of heavy ho 
scales was progressively lightened, untiU 
was transformed into a tough l)iit light and 
wonderfully flexible scaly garment. But ih^ 
skeleton within was more and more lullJ 
ossified until the animal was provided wuh 
that elaborate and delicate set of little honv 
girders which embarrasses us when vnc ,.;u 
a herring or a sole ; and the armourin<r *o| 
the head was sunk below the surface inml 
it coalesced with the original hrain-hox 
below. The group radiated out time and 
again into every conceivable shape and form ; 
but the bulk of actively swimming lisli 
developed a very perfect stream-liniiif^ 'flu v 
withdrew their limb-bones within the l)od\, 
leaving the fin more flexibly supported li\ .1 
set of horny rays. Many moved up thnr 
hind pair ol fins until they were on the same 
level with the fore-limbs, or even in from ol 
them : this apparently makes tin* hinhs 
more efficient as stabilizing ruddei -planes ; 
and the air-bladder, transformed to ik'w 
uses, had a great part to play. 

As has so often happened in life’s histnr\, 
an organ evolved by adventure in some neu 
and unusual environment has enabled its 
possessor to go back to whence it came and 
l)eal the stay-at-homes at their own game. 
Only in the lung-fish and a few survivois of 
ancient armoured fishes is the bl.idder still 
used as a lung. In all the rest it has hern 
turned into a hydrostatic organ ' parth a 
sense-organ, an organic barometer for de- 
tecting changes of pressure, and so givint? 
the fish a “depth-sense”; and parth a 
gas-ballast tank for taking weight off the 
fish, and so for adjusting to difleicnt depths 
below the surface, just as submarines art 
adjusted for depth by pumping watci or com- 
pressed air in or out of compartments in t m 
hull. In the modernized fish the prime\a 
lung has become a gas-filled bladder wnos^ 
walls secrete gaseous oxygen out ot 
in thc1>iood and pass it back again as 
and in one large group it has e\ en lost 1 
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ifinal roiMicxion 


with the exterior to 


K ■, cinpliitely closed organ, 
rri r new < ilJaciUes of adjusting weight thus 
f rrt-cl 01 i .iquatic life meant economy of 
^’" -,hr niiurr, and a more delicate adjust- 
■ naiiicular levels in the sea. And 
advaiiiages undoubtedly had a good 


securing to the bony fish, 


in 

back to ocean after their long 
I h-vvatn predominance 

^'^competition with their gristle-skeletoned 
rompetitors. Indeed, when we survey the 
M great groups of fish, gristly and bony, 
[isQi-iking to see how many more of the bony 
i„cl gas-lmllasted fishes live a permanently 
jduc swimming life ; how many of the 
riixth fishes, without a gas-bladder, are 
uiiiplrtely adapted to bottom-life, like rays 
iiici skates, or spend much of their time 
csting on the bottom, like most dog-fishes. 

Ihe fill! perfectioning of the bony fish for 
witci'life took nearly as long as the full 
i(i.i))iation of land vertebrates to their much 
1101 (• clilhenlt environment. Most of the 
\pt's that aiose in the first outburst of evolu- 
1011 in the early Devonian (III D i) died 
111 wiili the beginning of the Carboniferous 
III I'- I ), wliich witnessed the beginning of 
second radiating-out of new and improved 
isli-t\pes. If the reader will turn over 
lit pirtni'f's of fishes in this book, or in any 
u'll-illusirated geological textbook, he will 
uw just the same impression of' gradually 
fit leasing neatness and smartness that he 
ould get from a museum collection of the 


iiioniohiles of the last thirty years. Con- 
nually lie would mark increased efficiency 
lid finer lines. The Permian (III F) saw 
''(‘(ond batch of extinctions and a third 
’milting of new types ; and the process was 
‘pcated still once again in the Cretaceous 
^ Co, when the great bulk of the modern- 
fish we know to-day - -salmon and 
binngs and conger and the rest — first put 
|ii their «ippearance, only a few million years 
’(•hire the modern mammals and birds, 
fiut we are anticipating. Mammals and 
Jiids could not be thought of until some 
‘^'^e^tral vertebrate had emerged from 
'later on to land. Wc must go back to the 
I the ways and discover the origin 

'■gs and how the vertebrate crawled out 
: ‘'Pon the land. 

take our legs very much for granted, 
tit they have a long history of slow improve- 
behind them. Before life, now em- 
ii V a stand upright on two legs 

dint \ four. Before it could 

It / ’ before it could run, 

to lift its belly out of the dust on 


four pillars and walk ; before it could walk 
it had to be able to crawl. And to crawl is 
precisely what the ordinary fish cannot do. 
Out of water, its weight no longer supported 
by the element in which it swims, it can only 
wriggle and jump and lie on its side until it 
dies. To crawl it needs legs, and it has only 
fins. 

To understand how fins were turned into 
legs, we must ask the geologists to tell us 
something of the conditions which prevailed 
in Devonian (III D) days. For it was these 
conditions which, for the fishy ancestors of all 
land vertebrates, made legs the alternative 
to extinction. 

The Devonian Age was a time of great 
lagoons and lakes. All the vast deposits 
that we call the Old Red Sandstone (over 
thirty thousand feet of them in some parts 
of the world) were laid down in such spots. 
Conditions in these bodies of water varied 
cyclically, it would seem. At one period they 
were brackish emhayments connected with 
the sea by a few irregular channels ; then 
for a few ten-thousand-year periods they 
would be huge fresh-water lakes ; and then a 
time of elevation would cut down their extent, 
separate them into smaller bodies of water, 
and dry many of them up. And so over 
again, in a cycle of recurrent change. 

In the open sea beyond, quite different 
deposits were forming ; and it is one of the 
most interesting features of the Devonian 
that for the whole of its perhaps seventy 
million years, we have two parallel records 
in the book of the rocks, one entering up 
marine history on pages of fine-grained blue 
limestone, the other recording the life of 
fresh-water on the layers of red sandstone 
that testify to arid conditions on the high 
lands beyond the coast. 

Every period of severe, drying-up of the 
land waters must have witnessed the extinc- 
tion of huge numbers of fresh-water fish. 
Two evolutionary courses were open to them : 
to go back or to go on. Fo go back meant 
adapting themselves more perfectly to water- 
life and invading the seas which their remote 
ancestors had previously abandoned. To 
go on meant overcoming the difficulties of 
stagnancy and drought, not merely by taking 
occasional gulps of air, but by some new 
construction which would enable them to 
survive desiccation and, if possible, to leave 
the water, even if but temporarily, and trans- 
port themselves across country. 

Most of the fish, as wc saw in our last 
section, went back. Two groups remained 
and went on. One of these was the lung- 
fish, which we have mentioned in Book i. 
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These creatures have turned their air-bladder 
into a perfectly good lung, and they can live 
for long periods out of water in a “ nest ” 
in the niud. But walking overland is beyond 
them. They provide an excellent example of 
parallel evolution. They were closely allied to 
the fish which did turn into land vertebrates, 
and they went part of the same road ; but 
they never got all the way. Such half-way 
advance is not much good in the long run. 
The fish that turned back have peopled the 
seas ; the fish that went on have colonized 
all the lands ; but the lung-fish that went 
half-way and stopped arc now extinct save 
for three scarce inhabitants of tropical 
swamps. The fish that went on, as we can 
tell by comparing the pattern of their skulls 
with that of the earliest Amphibians, were 
another group of long-bodied, fringe-finned, 
scaly-armoured, bony-headed creatures, 
called Osteolepids. 

But the actual steps by which fin was made 
over into leg have not been preserved to us, 
though we can prophesy with some con- 
fidence that some lucky geologist will one day 
find their traces in the Middle Devonian 
(HID 2). 

However, some modern fish, like the Mud- 
hoppers, Periophthalmus, get on famously 


•'^PTEr 


on land aid of thei, 

are very muscular and bent „wlc7:i, 
hke a land-limb. Anybody w m T S 
to catch one knows that the fiiK 
at thar new job (and indeed 
are these fish to land-life tint .u 
kept under water for more tK. ^ 
time). The fins of th«o ^ 
Devoman fish must have been 
in a somewhat similar way ^ 

various lines of evidence - ’ 


Mn condudi 


that they were not specialized fbr hnnn""' 
but were spread out sideways, flat ™ I? 
mud and served to pole the body 
A glance at most modern salamanH? 
with their awkward clockworky movmenS 
reveals essentially the same type of moti" 
Ihe bends at wnst and elbow, ankle a« 
knee, must speedily have developed * 
mechanical aids in leverage, and to faciliiaa 
keeping the hand or foot firmly and flatl, 
where it was put down in the mud ; ant 
of the bones supporting the fin membrane 
five were selected for preservation as fimjei- 
and toes. It is a far cry from the climKt 
bent fin of this creature, just more than foi 
but less than salamander, to the leg of i 
race-horse, the wing of a bird, Ihe sliapdi 
human calves that post-War fashion ha 



Fig. 223. The Mud-hopper Periophthalmus. 

In waUr, half-way out, Scrambling about on mud and mangrooe-mis, stamping at a fy, lubricating an eye by wilMroasefi 
into its socketf and looking in two directions at once. 
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d shall be visible in our streets. But tlwt some device, evolved only to meet 
hi' begmning of them all. emergencies, has been turned into an cvery- 

^ Devonian (III D 3) this day necessity of fuller living. 

. riTiation was complete ; we have the But even when the adult amphibian eman- 
H reatiiK-'s own “ hand and seal ** on a cipated himself fully from the water, in his 
lecord — a veritable foot-print, youth he remained essentially a fish. The 
all. in the mud. By the Lower young amphibian is a larva, a tadpole, which 
r^hoiiihioLis (in E i) the legged verte- breathes by gills and swims by a broad tail- 
!h tes wcH^ plentiful. But there is one fin. We have already spoken of the chemical 
i narkable fart about them ; the majority, machinery which effects the transformation 
Professor Watson has shown from various from aquatic larva to land adult. Here we 
^*^fiiliaritirs of their construction, normally will add that a tadpole stage has remained 
Xd not use their new-won legs, but lived from the remote Carboniferous time to the 
on in their ancestral aquatic home. The present a characteristic badge of the great 
rfason for tliis is to be sought far off, in the majority of amphibians. It is this, more 
waters of the sea. In the sea there are very than anything else, which has kept the group 
few real v(*gctarian animals of any size, from achieving the abundance or the import- 
\\ hv ^ Because the great bulk of marine ance of reptiles, birds or mammals ; for it 
nlailts are floating and microscopic. They has kept them tied to water. There are a 
raiinot he browsed at, but must be eaten few frogs which have cut the aquatic stage 
^^liok‘. Many are swallowed by very small out of their life. The Surinafh toad lays 
animals, which in their turn fall a prey to her eggs all over her back by means of a long 
larger ; others are filtered out of the water protrusible oviduct, and the skin of the 
hv the sedentary army of current-feeders, back grows up to surround the eggs, which 
Thus almost every sea-animal of any size is develop there up to the toad stage. Noto- 
dihcr a current-feeder, a mud-eater, or a trema grows a huge pouch all over its back 
carnivore. and flanks, and broods its babies there. In 

All th(' early fish were carnivores ; and other species the male turns his vocal sacs 
cwry one of their amphibian descendants into nurseries, or the eggs are laid in a foamy 
has lemained true to a meat diet. Now the mass. But these arc all makeshifts. In none 
later Devonian lands were well covered with of them has independence of water-breeding 
plants, but very few land-animals had sue- been achieved in that simple and radically 
ccfdfd in exploiting these new resources, eflicient way that characterizes the reptilian 
which for the most part simply died and egg. 

rotipd unconsumed. They were as useless The first precursors of the land vertebrates, 
to the earliest amphibians as gold to a man which we find in the Carboniferous, are called 
on a desert island. The only possible animal Stegocephalians, or animals with roofed- 
fotKl was provided by the few early scorpions over heads, from the fact that their flat 
and myriapods and ancestral insects which skulls are made of a single roof of bones, 
must have existed in the early Carboniferous continuous save for their nostrils and the 
woodlands. orbits of their eyes. In this they differ from 

But even this diet cannot have been abund- their descendants, the modern Amphibia, 
«^ni, and in any case it had to be hunted and but resemble the ancestral fish from which 
captured in new ways. Most animals are as tfiey took their origin. Many of them also 
conservative about their feeding as most men; differed from the slimy-skinned amphibians 
and so it came about that the bulk of the of to-day in being plated here and there with 
earliest amphibians went on living, eating bony armour on their bodies. And most of 
and breeding in the waters, with legs reserved them had a curiously complicated and 
solely for the occasional necessity of moving inefficient construction of their backbones. 
Irom one pool to another. Thus to the early In all existing land-animals, each vertebra 
^niphibian, meals on land were like what of the back-bone is an elaborate but single 
sandwirhes on a railway journey are to us — bony unit. But in most of these Stcgocc- 
the important difference that the picnic phalia, each vertebra was conipourtd, a 
inner was growing by the amphibian’s number of bits wedged togetner. This 
waysidt;. The few who did become adapted condition was inherited from the dim past 
n eating their meals out of their old home when the original notochord rod first began 
penspered and multiplied ; their legs, evolved to be strengthened by blocks of gristle around 
quite other pultposes, stood them in good it. The multiple construction still survives 
; and their seed has inherited the earth, in water vertebrates like the dogfish, but 
is not the only time in the history of life it has had to be unified into strength in all 
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animals that live on land, and so must carry 
their own weight. Evidently these Stegoce- 
phalians were weak-backed crawlers with no 
intimation of the bounce of a modern frog. 
In one respect, however, they achieved some- 
thing of which no modern amphibian has 
proved capable ; they colonized salt-water. 
One small group of these from the Trias 
(IV A), so far discovered only in Spitsbergen, 
were all marine. "J'hey were long-snouted 
fellows, and probably fed on fish after the 
manner of the long-snouted fish-eating croco- 
diles of to-day. 

These primitive Amphibia endured from 
the Upper Devonian (III D 3) to the end 
of the Trias (IV A 3) ; and in the mean- 
while they and their relations gave rise not 
only to the ancestors of modern Amphibia, 
but also to the first reptiles, and so to the 
ancestors of all higher vertebrates. 

§ ^ 

A Coal-measure Forest 

By the time of the Coal-measures, both 
plants and animals were perfectly at home 
on land. The conquest of the hinterlands 
and highlands had still to be made, but life 
had won the shore and the lowlands and the 


CHA 
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swamps. But the picture whi, h i, j , 
presented even there was entirch 
ingly different from the piciuu- w 
familiar with to-day If we could 
free of time, and be suddenly, ir,,,. 
some two hundred million years or 
the past, we might be pardoned loi 
we were in another planet, evcii iliough^ 
were still on the same spot of ou, old earth-' 
surface. " ^ 


Suppose that at the momcm when ih 
time-transformation was effected, wc Ird 
been walking the streets of Newcastle or 
Pittsburg. Suddenly the houses and street 
and factories are gone. In their place is j 
moist forest, sloping down throu^rh swamps 
and marshes to the shores of a siiallow sea 
The forest, it must be admitted, does no| 
rival the tropical forests of to-day, either m 
the variety or in the size of its trees. But 
fine trees there are, running up to a hundred 
feet or more ; and there are enough kinds oi 
strange plants to keep curiosity busy (01 
many hours. The giant club-mosses and di. 
seed-bearing Cordaites are the masters of the 
wood. Among the former, the hanclsoiiK 
scalc-trccs, Lepidodendron and its relatives, 
raise pillar-like trunks embossed witli a 
wonderfully regular scaly pattern, each 



Fig. 224. Some Siegocephalians. 

Lefty Afchegosaurusy about five feet long, whose elongated snout indicaU^ fish-eating habits. Eighty topy Masio(hn^^um, a 
lumbering ten-foot Amphibian. Eighty lower comer y MicrobraefnSy abouPmx inches long. Centre y two specimnii <>j 
cauluSy with flattened heady huge gapCy and body about six feet long ; aim one of Batrachiderpetony with skull 

half feet long. 
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where a leaf has fallen ; 
- -- ] ,nts, like the modern club-mosses, 

1 ^ r ill’ up their stems, but resemble 
shedding the lower leaves as 
' iilTfrom light by the new growth 


hfv gC 
l>ove. 


N, ar the top the Lepidodendrons 
) a fine crown, each of the 
s( 1 thick with little leaves and end- 
<, .pore-bearing cone, sometimes a 
!, or inoH- in length ; or, in some cases, the 
Is are ^^athered into clusters near the 
of ihe" branches like dates on a date- 
Below, the stem is buttressed in a 
;'narkahle way. It diverges dovynwards 
„to four separate pieces, each of which forks 
rtrularly and repeatedly as it runs into the 
round.' These are really creeping stems, 
,k 1 from their under-side the slender true 
penetrate the soil. 

Fhen there are trees with long leaves, stiff 
.aiul-shaped twigs up to a yard long and 
LMihered into extraordinary clusters sticking 
up like fat gigantic paint-brushes, sometimes 
„iih one brush to each tree, sometimes two 
1)1 lour or eight. And below each brush of 
leaves is a thick clustering ring of cones, 
riiese are seal-trees, such as Sigillaria, so 
tailed from the beautiful pattern of leaf- 
stars on the stem, each scar often looking 
like the imprint of a seal. These too are 
duh-iTiosses grown to the estate of trees, 
though they never reach the size of the great 


stale-ltees. 

Besides these there are the Cordaites, pre- 
decessors of our conifers, tall and slender, 
uith long strap-like or even grass-like leaves. 
Some are over a hundred feet high, with 
beautiful leafy crown, others more conical, 
others mere shrubs. Ferns are more abundant 
and varied than any dweller in our temperate 
regions can easily imagine, though these 
Rrand Carboniferous tree-ferns with pillared 
stems, sending up their raying crown of 
fronds to where it can compete for light and 
air on equal terms with the other forest-trees, 
would not surprise an inhabitant of the 
tropics. 

But the majority of the ferny plants in this 
old woodland are seed-ferns. Here is one with 
huge feathery fronds, their stalks sometimes 
hve or six inches across, with big berry-like 
seeds borne among the leaflets ; there 
another with tiny winged seeds carried on a 
rond very like that of an ordinary bracken- 
; there one with huge thick-walled 
seeds as l)ig as hen’s eggs. Many of them are 
small, but others grow to bushes or even 
liar some have taken to climbing like 

Here arc other climbing plants, luxuriantly 


scrambling over the branches and trunks of 
their fellows-“the Sphenophylls, taking their 
name from their wedge-shaped leaves. These 
were climbing horse-tails, a group now long 
extinct. And there are tree horse-tails, 
too — perhaps the most fantastic of all the 
trees in the coal forest. They never rival 
the largest among the other kinds of trees ; 
but some touch the respectable height of 
sixty feet. Here is one species of Calamites, 
the Giant Rush ; it creeps about the bog 
with a subterranean stem from which at 
intervals shoot up jointed pillars, just like 
magnified horse-tail stems of to-day, with a 
frill of leaves round each joint. Each pillar 
ends in a great brush of upward-pointing 
cones. And there are many other types, 
some looking like caricatures of a Lombardy 
poplar, others like mere magnifications of 
modern leafy horse-tails, others with jointed 
branches as well as jointed stems. But all 
have a curiously inefficient look as trees ; 
and, indeed, they are a mushroom growth of 
plant evolution, all the larger types destined 
soon to disappear. 

As the wind blows, clouds of golden spore- 
dust drift down through the stems. The 
moist ground is green with mosses and liver- 
worts, and the innumerable prothalli of all 
the seedless plants. Prostrate steins lie rot- 
ting across each other in the shade, and there 
is a thick carpet of fallen leaves. 

On the ground and in the swamps crawl 
and swim the Carboniferous vertebrates. 
Most of them arc amphibians, but amphibians 
that will surprise anyone who thinks of 
amphibians solely in terms of frogs and sala- 
manders. True, there are little salamander- 
like fellows, in the hollow hogs and through 
the undergrowth, snapping up insects ; 
but there are also fish-eating creatures with 
long snouts like alligators ; there are legless 
wrigglers and swimmers ; some have fantas- 
tic flat heads nearly as big as their bodies, 
others are plump and hideous, with patches 
of armour-plating here and there on their 
heads and backs. Many of these are per- 
manent water-dwellers, having sunk back 
to their ancestral element after the briefest 
taste of the land- world. But some of them, 
as T. H. Huxley put it, “ pottered with much 
belly and little leg, like Falstaff in his old age, 
among the coal -forests.” These are true 
creatures of the land, even though it be 
moist land only. 

Among the land-folk are also a few little 
ancestral reptiles, insignificant in themselves, 
but rich with promise. In and out of the 
vegetation there run cockroaches in plenty, 
large and small, with mites and scorpions 
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and centipedes and ancestral spiders and a 
few land-snails to keep them company ; and 
through the air flaps and flits an abundance 
of winged things, the primitive net-winged 
insects and their relatives. Some of these are 
of alarming size, the largest, not unlike a very 
awkward dragon-fly, measuring nearly two- 
and-a-half feet across the wings. Many of 
these insects live their early lives in the pools 
and creeks, which teem with invertebrate life 
as richly as such sluggish waters always do. 

It is a strange world, and a varied world. 
But after the strangeness has worn off, how 
much we miss ! No birds nesting or singing 
in the trees ; no bellowing, roaring, squeaking, 
or howling of mammals, savage or small ; no 
flowers anywhere, no fruits ; no caterpillars 
to eat the leaves ; no bees or butterflies ; 
no four-legged creatures that can do more 
than crawl. The forest, without colour of 
flowers or of autumn leaves (for there is no 
change of seasons here), is a symphony in 
brown and green, with yellow veils of spore- 
dust sinking into black pools below. 

If there were any sounds beyond the wind 
in the branches, the occasional fall of a trunk, 
the humming of the insects’ wings, and the 
splashes of the primeval mud-puppies sliding 
into the water, they were the raucous mating- 
calls from those first air-breathing throats. 

But somewhere among those swamps there 
crawled the ancestors of all birds, ol' all 
mammals, of us who write, and of you who 
read this book. 

§ 7 
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a huge antarctic continent, ,„h 
most of It off from the appr,u< h If'' 
currents from the tropics by i,;,,,,, 
Australia and jwssibly with 
too, and throwing a vast tr;^l|^^. 
land across from Australia tliroii.ri, V 
and India to Africa, and peH. lS 
This transverse super-conth„nt 
christened Gondwanaland by it,,. i . " 
Antarctica, high and with its cciunl h/f' 
systeni of warm currents cut off, loverrcl”? 
self with a great ice-cap ; this )iir( ri,.fi i 
cooled all the neighbouring inland sej 3 
filled It full of icebergs ; and then the heieh! 
of land in the continent of Gondwatia i 
began accumulating their own c;uj of s', “ 
and their own glaciers. ^ 

Whatever the cause, it is certain that the 
whole of what is now South Africa vms 
submerged by the sea of icc, and that the 
same sheet buried the southern tip of Mada- 
gascar ; huge areas of Australia and Soulh 
America were glaciated, and Ihts of hidia 
and possibly Central Africa, right up to tlu* 
equator. The Northern Hemisphere largely 
escaped the ice, but was subjected at about 
the same time to the first onset of a long spdl 
of desiccation, which continued through most 
of the Permian (III F). 'Fhis is cvideiicd 
by the huge accumulations of salt and gypsum 
laid down as some of the seas ovei the 
continents were trapped by the lifting of thr 
land, turned into basins with no escape, and 
dried out. 

As the southern half of the earth grew 
colder, a new set of plants was evolved to 


An Age of Death 

But coal-swamps could not last for ever. 
Another spasm of mountain-building was 
being prepared in the earth’s crust ; and the 
climate began to change. I’hc swamps 
shrank, the sea retreated, the coal-forests 
dwindled. The Appalachian mcjuntains were 
thrown up in a series of violent movements, 
which, speeded up in the mind’s eye, look 
like a paroxysm, but in reality were spread 
over a vast space of time - probably ten or 
twenty million years. 

The crust of Europe heaved in sympathy, 
and the Hercynian chain, now worn down to 
such stumps as some of the Irish mountains, 
the Eifel, the Taunus, and the Ardennes, was 
synchronously brought into being. 

Meanwhile in the Southern Hemisphere a 
p-eat ice age was brewing. What caused it 
is not our business to explain, but the geol- 
ogist’s and the geographer’s. Most probably 
its onset was due to the remarkable elevation 
of the southern lands, which first produced 


meet the new conditions—smallcr and less 
luxuriant, but hardier, with thicker, loughcr 
leaves and often bushier in growth. This is 
generally called the Glossopteris ilora from 
the prevalence of Glossopteris, a shrubbv 
plant with long tongue-like leaves ; this was 
probably a seed-fern or Pteridospcrni, thoutili 
we cannot be sure until we find ils seeds 
indubitably attached to its remains. Aiid 
there were Gycads, and a few ferns and seed- 
ferns and small horse-tails, and Cordaitc 
trees of different type from those that 
flourished in Europe and North America. 
This assembly of plants is found in Africa, 
in India, in Australia ; this practica 
identity in these di^ant countries is 
the most important items of evidence whic 
dispose us to believe in that wide connecting 
Permian (III F) continent of Gondwana- 
land. 

As the southern ice-cap spread, so t is 
plant-army was forced north, till it reaches 
beyond* the equator. When the Permian 
Ice Age faded, the new plants spre ad hac > 
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hi^ 22'). The probable distribution of land and sea in the Ice Age oj the early Permian [III F i)> 

.\huiit toniimmi, Gntulwanaland, probably spread across most of the Southern HemispheH. Arrows denote ice-sheets whose 
hntwii of moimrnl can he determined : small parallel mat kings denote other traces of ice-actton. Modified from Schucherty 
with the kind assistance of Dr. C. E. P. Brooks. 


follouinir the retreating ice-sheet down on to 
the Antarctic continent. Among the speci- 
mens found in the tent with the dead l^odies 
ofChptain Scott and his fellow-explorers in 
1912 were rock-specimens containing Gloss- 
nptens which they had discovered far up 
jii the Bcardinore Glacier and judged to be 
'i such interest that they had pulled them 
thnuii'h all the weary miles until overtaken 
'V the blizzard that finally overwhelmed 
hem. 

1 liis iicw^ set of plants seems to have been 
)('U(r jilted than the old to cope with the 
general aridity which succeeded the cold 
'Pdl. Accordingly they continued their 
|ur((>ssiul northward extension, replacing the 
aoonied plants of the coal-swamps. 

fhus what the cold began, the drought 
fmtiimed. There can be little doubt that 
\'v'as the stress and pressure of increasing 
indiiy which forced some seed-bearing 
'arinbers oj the Glossopicris plant- army on 
hiithcr pitch of dry-land adaptation, 
Trias (IV A) onwards, em- 
in (he Gycads and Conifers, domin- 
the vegetable world. Unfortunately, 
sui roundings are the worst imaginable 
1/ plant-remains, so that we have 

^ aliziniriy little record of the detailed steps 


taken by Evolution during this critical 
time. 

But a critical time it was, as evidenced not 
only in the virtual disappearance of the iftrst 
dispensation of land-plants and its replace- 
ment by the second, but by equally great 
changes in other l^ranches of the tree of life. 

Even in the oceans it was a time of 
extinction and rapid change. The sea-lilies 
(Fig. 89) reached their climax in the warm 
Carboniferous seas (III E), contributing by 
their skeletons a very considerable bulk of 
the mountain limestone which then accum- 
ulated to the thickness of half a mile or more. 
Of all their vast variety, only one fa^ly 
withstood the chilling of the sea, and survived 
into the Mesozoic Era (IV). 

The old types of corals and lamp-shells and 
sea-urchins went through a similar catastro- 
phic time of wholesale extinction ; the last 
of the trilobites disappeared, and only a few 
sea-scorpions lingered on. Takmg advantage 
of this wholesale killing, other and more 
resistant forms established themselves. Most 
notable among these new successes were the 
Ammonites ; and a group of fish whose 
only living survivor is Amia, the American 
Bow-fin, which represent a half-way stage 
between the ancient bony fish, poorly 
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strengthened within and ponderously ar- 
moured without, and the modernized fish 
which for the most part have given up 
armour-plating in favour of speed, good 
mechanical construction, and flexibility. 

But changes of climate and variations of 
temperature arc felt more intensely on land 
than in the water ; and it was on land that 
life suffered the most revolutionary trans- 
formations. We have seen how seed-bearers 
triumphed over the spore-bearing plants. 
Meanwhile, the insects, as we shall set forth 
in a later section, were forced into new 
and more efficient ways of living ; and among 
vertebrates the reptiles rose into the position 
hitherto occupied by mere amphibians. 

The shelled reptilian egg is to land- 
vertebrates what the seed is lo land-plants : 
it breaks the last link in the chain which ties 
half-emancipated life to ancestral water. 
Just as the earliest seed-plants followed quick 
on the heels of the first true land-plants, so 
reptiles of primitive type had arisen before 
the Coal-measure Period began, quite soon 
after vertebrates appeared on land at all. 

The reptiles had a great advantage in their 
elimination of the tadpole stage from their 
life-cycles. But it needed the violence of 
outer change to give the new types their 
chance and bring them to the top, much 
as in England it needed the extraneous 
accident of the Great War to turn the idea 
of woman’s suffrage which had long been alive 
in the political thought of the country, to its 
successful realization. 

The shelled egg has had other important 
consequences. Wherever it was evolved it 
rnade internal fertilization a necessity, in this 
giving us an interesting parallel with the 
internal fertilization effected by the deep- 


chapter ^ 

burrowing pollen tubes of seed nk 
besides imposing the need ofim, 
tion, It reduced irfant mo„a| 
internal fertilization makes ii 
the female to be courted and 
infant mortality means that (< wer'‘ 
need be produced, and so opn,s 
of intensive parental care. Thus , he n® 
egg played Its part in the evolution ^ 
ship and the development of fanulv lit. 
The Permian (III F) sealed the fa, ^ 
th^ese primitive amphibians, the Stel! 
phaha. It is true that they continued lo liv, 
for some tens of millions of years m„r 
It ts true that their largest and most f„rn,,d 
able representatives were only evolved i,, 
m the Trias (IV A). But from the ,•!, 


Permian 

battle. 


they were fighting 


losint 


Size and armour and teeth have’nnn 
been enough in Evolution. What counts m 
the long run is general efficiency in ihi 
business of life. In the reptiles, tlie triumpl 
of vital organization was the shelled egg, vmiI 
amnion-pond and tight-packed yolk, Vxtre 
food wrapped round it in the shape ol iht 
white, and final material protection in iIk 
tough, drought-resisting shell. In the ncu 
conditions of wide dry lands, the Slegoic 
phalians, lacking this, lacked all ; afiei ilicn 
final burst of evolution, they went out hkp ^ 
snuffed candle, and only little salairundfr 
and the precursors of the frogs and toad 
were left to carry on the amphil)ian stock 
Seed and egg are the badges of Meso/.ui( 
(IV) life, as flowers and warm-blood are thosi 
of their Cenozoic (V) successors, and biaii 
of the present day (V F). By the Tiia 
(IV A), the Age of Reptiles had dehniich 
begun. 
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§ I 

The Reptilian Adventurers 

EH' i ILK ’’—the word itself has a nasty 
.sound. The idea of crawling is in its 


jrnViition ; and to that has been added a 
Livour oC unpleasantness derived from the 
iiK ijvvo reptilian groups which the general 
iihlie habitually thinks of as Reptiles —the 
hikes and the crorodiles. The snakes supply 
istiiK live horror and the idea of poison ; 
otodiles are not only dangerous, but enjoy 
iriylhical reputation for hypocrisy. Add 
I tiler the wholly undeserved notion of cold 
iiiiiiess, derived from the popular error 
liicli persists in classing newts and frogs as 
[lilies, and the common view of the order 
complete. 

bus picture, however, is an altogether 
oiu-ous one. It comes partly from zoo- 
tiea confusion of the lowly Amphibia with 
u hiShcr cousins ; partly from forgel- 
less that such pleasant, harmless and dry- 
ined creatures as lizards and tortoises are 
; but mainly from the fact that the 
Miphs of reptilian evolution lie in the past, 
most remarkable products are long 

1“‘ ^■[‘‘niminess of frogs and newts is due 
_ I'; hict that they breathe partly (and 
inn skim entirely) through their 

lll'l km which must, therefore, be con- 
icnf i.' and kept moist. The 

I '<s owe much of their success to their 
[;;; K once and for all rid themselves of 
flvft n completely adapted them- 

hn sciv "• u by providing 

•fist iTinH dry covering, 

modern reptiles crawl and creep ; 

"L" ,? T. ‘be whkle 

"L h 'v^ ‘'brtstened the Crawlers, for 

r ilLT ‘be water, animals 

ii'ii, i "^^tSbtl^, because their specific 
^>n <1 nm" ^ W’l greater than that of 

rr bf f^e^^ supporting weight must at 
sh|\ ,.,„L j . ^be primitive Amphibia, 
rged into the strange medium of 


air never got farther than resting this 
embarrassing and new-found weight on the 

‘beir function was 
more that of land-oars than of true support- 
ing legs. You have only to watch a sala- 
mander to see a creature which has retained 
lor three hundred million years this primitive 
mcthoci of support and progression. 

But litr back in the Permian (III F) there 
were reptiles which had got their limbs under 
their bodies and turned them into pillars ■ 
these supports were heavy and clumsy at 
first, but their efficiency and lightness was 
speeddy improved. That is typical of the 
real Reptile. Reptiles were the first full 
conquerors of the land, and were, as a group, 
the greatest evolutionary adventurers which 
vertebrate life has ever produced, invading 
and exploiting a new world with something 
ol the same .spectaeular efiect with which the 
bpaniards explored and conquered the 
Americas. 

Let us chronicle the Reptiles’ major 
adventures, which begin about half-way back 

Cambrian 

(Hi A) period. The true Reptile had arisen 
from the Amphibian. There was at first a 
gradual evolution, which we can trace in 
the skeletons preserved to us, from the lower 
5 bf^fore the Permian 
(11 J 1^) It was completed, and the Reptile 
was ready. His advantages were two : 
me tough skin that allowed him to 
disregard the danger of desiccation ; and 
the amnion, his embryo’s protective water- 
cushion within the egg, that enabled him to 
reproduce his kind without resorting to 
water. The transition from Amphibian to 
Reptile was like the transition from a civiliza- 
tion cumbered by a too-elaborate ancestor- 
worship to one which, throwing tradition 
overboard, turns its face from the past 
towards the future. 

The earliest reptiles were for the most part 
creatures, all, it appears, carnivores . 
or insect-eaters, not differing markedly either 
in build or habits from many of the contem- 
porary Amphibians. The main stimulus to 
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their advance doubtless dfene from outside, 
in the shape of the rise of the land which 
preceded the mountain-making revolution 
at thfc end of the Carboniferous (III E), 
and the cold, dry €mcs which accompanied 
and succeeded it. The swamps shrank, the 
steaming forests largely disappeared. The 
opportunities and the space available for 
the half-and-half life of Amphibia dwindled, 
and a premium was set on the development 
of full adaptation to dry land. 

The result in the Permian (III F) was a 
rapid evolution of the Reptiles into many 
and varied forms, a number of them going 
in for vegetable-feeding and bulk. Vegetar- 
ians will note with satisfaction that their 
distinctive practices were of very great 
advantage to these conquerors of the dry 
land. Most of these Permian vegetarians 
continued evolving through the Trias (IV A). 
They were the Reptile’s first big adventure 
in Evolution. 

The most primitive Permian reptiles arc 
the Gotylosaurs, survivors, it would seem, of 
the group which served as ancestral stock to 
all the rest, and so to birds and mammals and 
our human selves. Then there were animals 


carnivore, such as .wolf or martin 
minute size of their brains and 
reptilian construction of their ):u\ s Of 
manner of reproduction we know nn K' 
In all probability the mammals tont 


origin from some of the smaller 


Besides the dog-like forms, tl.e imSo!; 
also produced extraordinary crcalures ca 5 
Dicynodonts, some of them as small as wai 
rats, otheK almcwt as big as Inppopota"' 
which gradually lost all their teelh swr 
canines (and in some cases abandoned even 
these), substituting a horny beak like that of a 
turtle. Some of them were clesert-dwellers 
but others were semi-aquatic creatures 
which must have browsed on water-planu 
in swamps. Another side-branch, the Pelv. 
cosaurs, gave rise to extraordinary creatures, 
up to eight feet long, with a great frill ibony 
spikes along the back, each spike sonfetimes 
even equipped with side-spikes like yaid- 
arms on a ship’s mast. Other water-repiilcs 
of the time had an extraordinary reseniblancf 
to crocodiles, but were in reality products 
of an independent evolution, having a ditlci- 
ently constructed jaw, and nostrils on top of 
the head like a whale’s blow-hole. 


like Elginia which had their heads defensively 
beset with spiky horns. The still bigger 
Pareiasaurus — also, it seems, a vegetarian 
and one of the earliest vcrlebrated crea- 
tures to raise its belly off the ground — 
reveals the novelty of its achievement 
in the clumsiness of its limbs, heavy as 
pillars in an Early Norman cathedral, 
and there were many active and often 
fierce animals of the general type of dragon 
or giant lizard. 

But the most remarkable creatures of the 
age were the Theriodonts or Mammal- 
toothed forms, so christened because they 
were the first vertebrates to show in well- 
developed form the division of the teeth into 
different groups, molars, canines, incisors, 
each with its own form and function, so 
characteristic of most mammals. In the 
earlier types these differences are usually not 
great. There are one or more great dog- 
teeth above and below on each side, and all 
the other teeth are peg-like. But in some of 
the later, TViassic (IV A) forms, there are 
only four dog-teeth in all, and the teeth 
in front of these are regular incisors, while 
those behind have developed crowns and 
cusps like those characterizing the molars 
of flesh-eating mammals. These, apparently 
with the long ancestral tail as much reduced 
as in most mammals of to-day, were active, 
running creatures, and the most obvious 
distinctions between them and a modem 


One often hears the Golden Ages ol 
Ammonite'S, of Reptiles, of Maimnals and mi 
forth discussed as if each great group had 
had a steady crescendo, a climax, and a waiio, 
But this is over-simplification. As a genrral 
rule each of the great groups shows several 
successive outbursts of evolution. The Rep- 
tiles are no exception. This first phase of the 
reptilian adventure, beginning with the late 
Carboniferous (III E), came to an end with 
the end of the Trias (IV A) ; by then all the 
specialized creatures we have just described 
had become extinct. During the Trias, how- 
ever, a second outburst had begun. Thh 
ushered in the grand period ol reptilian litc. 
stretching through in the Jurassic and 
Cretaceous (IV B and C), during which the 
creatures reached their greatest elaboration 
and their greatest size. But actually thru 
greatest variety of types was attained in tin 
late IVias, when members of the two waves 
of evolution overlapped. || i 

The tortoises and probably the true sea ) 
lizards began their careers with this scron 
wave. The main land group, however, 
the Dinosaurs, which themselves branche 
out into almost as many types as theii sue 
cessors the land-mammals- — large and ' 

active and ponderous, vegetarians and beas ^ 
of prey. Flying reptiles launched 
the air, gaining a start of perhaps tw t n ^ 
millioif*^years over the birds-^a handicap 
which did not prevent the birds from e a c 
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i * 1 ) Mammals I i, small ancestral mammals {Trituberculates) ; 2y Triconodonts ; Multituber culales ; monotremes 
^<luckbill\ , marsupials ; 6, archaic placentah ; 7, modern placentah. 8-36, reptiles and birds : 8, ancestral stock of 
i reptiles ; 9, Pelycosaurs {JVaosaurus) ; 10, Theromorphs {Inostranscvia) ; ii, Cotylosaurs ; la, tortoises 

oW tmll , , ; 13^ Plesiosaurs ; i false crocodiles ; 15, long-tailed flying reptiles ; 16, tailless reptiles. 1 7 dinosaurs : 
^nrumuno dinosaurs {Ornitholesles) ; flesh-eating biped dinosaurs {Tyrannosaurus) ; 19, huge quadruped herbivore 
rn Sauropods {Diplodocus) ; 20, biped herbivore dinosaurs {Camptosaurus) , with two branches ; 21, duckbill 
{ Trachoaon)y and 22, Iguanodon ; 23, armoured dinosaurs (Polacanthus) , with two branches ; 24, StegosaurSf 
horned dinosaurs {Triceratops) . 26, ancestral bird stock : 27, ArcheopUryx ; 28, toothed birds (Hesperornis) ; 29, 

buds ; 30, true crocodiles ; 31, Ichthyosaurs ; 34, ancestral stock of snakes (32), lizards (33), and Mosasaurs 

3 ;i' .■ 3O, ancestral reptiles {Seymouria). 37 -44, amphibians : 37, ancestral amphibian stock. 38-44, Stegocethalians : 
3 «> koxomma ; 39, Mastodonsaurus ; 40, Eryops ; 41 , Branchiosoma ; 42, tailed ancestors of modern amphibia ; 43, 

ifogs atM toads ; 44, newts and salamanders. {A diagram drawn on the same principles as Figure 218.) 
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ing up and passing them in the course of sixty 
or seventy million more. And a varied 
collection of reptiles took to the water. 

Such an outburst of evolution is generally 
called, in Osborn’s phrase, the adaptive 
radiation of a group, because the group as a 
whole radiates and scatters in many lines, 
and each line leads towards fuller adaptation 
to one particular way of life. We have met 
with such radiations before — in the marsupial 
of Australia described in Book 3, in the 
IVilobitcs, in the Molluscs, in the Echino- 
derms. But this is the most striking we have 
yet encountered, and we must look at it a 
little more closely. 


§ 2 


A Digression upon Adaptive 
Radiation 


Each stock within a radiating group seems 
generally to be evolving towards greater 
specialization, like the horses wc discussed 
in Book 3, or the elephants or sabre-tooths in 
Book 4 ; and the evolution of each such line 
can, as we have seen, be accounted for on the 
principle of Natural Selection. But Natural 
Selection will account too for the radiation 
as a whole, for the simultaneous divergence 
of all these lines. When a new group, 
capable of playing a leading role, appears 
on the world’s stage, it has before it a territory 
to exploit. No one stock can exploit more 
than a small region of this, or fill more than 
anyone particular rdleinthe general economy 
of life. And, indeed, the more efficient one 
stock becomes at its own particular job, 
the narrower its role, the more room for 
another line to exploit slightly different 
collateral modes of life in its own way. Not 
only that, but the specialized type often 
itself creates, so to speak, a new role to be 
filled : the development of a stock of gigantic 
vegetarians is an evolutionary incitement to 
the development of correspondingly powerful 
carnivores which may kill and eat its mem- 
bers — creatures so large that they could not 
live on smaller prey. 

The radiation of a group is thus from one 
aspect the sharing out of the different 
opportunities of making a livelihood among 
the different lines of which it is composed, 
so that the world’s resources are ever more 
abundantly and eflicicntly utilized. It is 
on Evolution’s stage what the division of 
labour is in the affairs of man. IBe 
number of trades and professions and of 
specialist jobs and positions within each 
increases as human civilization progresses ; 
and so, automatically, the number of animal 
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types and the degree of thd, ,peci.i- 
increases as a group of am,., -k ^’">1 
evolves. s or 

Now the different roles av,„lai,i, 
roughly the same through lo„: 
geological time. We might sun^ 
the animal types which are thc> enK 
of ways of exploiting these va,,,? 
livelihood would repeat themselves " 
over again with each new radiation 

Up to a point this is true. Kvoluiinn i, 
produced a long series of examplvs 'I 
IS generally called ro„errgr«rr--,he mould ,! 
of unrelated stocks into wonderfully sun 
forms by the needs of their wav of life \\ 
may point, for example, to 'the cxirnnl 
resemblance of some of the South Amerifn 
grazing mammals to the wholly unielairc 
horses which we noted in Book 3, and 
may mention one or two other ‘cxampltA 
like the Pouched Mole, which in responsi 
to the needs of burrowing life has hrn 
moulded out of the marsupial pattern into . 
startling likeness of the ordinary placmta 
mole ; ^ the slow- worm, which is a li/an 
turned into the likeness of a snake ; and tin 
amazing resemblance of the social oroan 
izat ion of ants to those of tci mites boili wul 
sterile workers and soldiers and a wingrc 
royal caste, in spile of the fact that om 
springs from a stock allied to wasps, whii 
the other belongs to a wholly cliilerent oidc 
of insects related to the cockroaches. 


But though these resemblances mask ihn 
never obliterate the essential comrriunii\ 
of structure due to kindred. 

Any group of land vertebrates, for instance 
is likely to radiate out into certain main t^pc 
— -plant-eaters and flesh-eaters and insect 
eaters ; climbers, walkers, runners and luiiip' 
ers ; those which go back into wain <iiif 
those which push on into the air. But tlu 
exact way in which the various linos achicv 
their results is often very difierciU ; aiK 
sometimes whole ways of life arc passed over 
The Australian marsupials have never pro 
duced a true flying stock, nor, surprisin^d’ 
enough, any which has taken, even ineom 
pletely, to the water. The Placeiii<i 
Mammals, on the other hand, though the 
have produced bats and whales and sea 
cows, have never given rise to giant juinpfi 
like the kangaroo. Frogs and toads hav 
never produced any salt-water types, appar 
ently because of their soft and permeah 
skin ; and no insect has even begun to t 
advantage of abundant plant-food by hcni 
bulky like a cow — for the physical am 
mechajtjical reasons which we diseussw r' 
Book 4. And the set of creatures pmdiKav 



the full conquest of the land 


, fi,,. ,nd second great reptile radiations 
chfrerent, and both differed from 


\tere 


very 


riammals. 


,1 Hairs sometimes shed light on 
rifvubuion. We may remind ourselves 
'•11 , ill cliHc rent countries, even at the same 
' 1 sM.vc of civilization, the necessary 
f lcss aiid administration of the nation 
be earned out in very different ways, 
'nl: exploitation of the ether by wireless is 
' on by a single huge state concern in 
'rear Britain, by innumerable public and 
' v*ate oiganizations in the United States. 
People get transported rapidly from one 
,ri of Chicago to another as they do in 
I ;,„don ; but in Chicago it is largely done by 
.^eihcacl railways, in London by subter- 
i.incaii lubes. So the business of turning 
ir'iass into flesh is carried on by life both in 
\tVica and Australia— but is undertaken 
In /(‘bras and antelopes in the one country, 
In kangaroos in the other. 

riioii circumstances may differ from age 
10 ogi-. I he vast bulk of some of the Jurassic 
Dinosaurs would have been impossible in a 
driiT period ; while the abundant spreading 
f)l (old-blooded reptiles for towards the 
jiolcs bad to come to an end when the climate 
iircu cooler. And finally, both chance and 
ilic accidents of history play their part with 
.iiiiiiials as with men. From the point of 
of the Reptiles, it was an accident 
that ihe tliinate grew cold and dry at the 
end of the Mesozoic (IV). But for that, 
ilic Dinosaurs might have survived and 
e\oI\ed for many millions more of years. 
And if the traditions of the past can help 
( hange the destiny of a nation, the accidents 
<'l ancestry can alter animal evolution. We 
tia\f already seen how the fishy conservatism 
|>1 Amphibia kept them tied to moisture ; 
1>‘ the same way the land ancestry of the 
^<''ds mid the turtles ties them to breeding 
of water, and the air-breathing past of 
"hales forces them to return to fill their 
lyings at the surface. 


§ 3 

The '' Back-tO’the-Water'' Movement 

Dii(* of the most interesting facts about the 
Reptilian radiation is the number of 
locks whirli went back to life in the water. 
Us IS a Irecjuent phenomena in the evolu- 
ol laiid-ammals, the insects and the 
^ pi^oviding many other examples, 
-an -life demands greater strength and 
ivity to deal with weight — that embarrass- 
J Pi'^pcrty which appears in full intensity 
lifo leaves water for air ; it demands 


tough impermeable skin to resist drying, 
greater general resistance and greater powers 
of self-regulation to cope with the far 
greater extremes and more rapid changes 
of temperature and other outer conditions 
that have to be faced on land ; it demands 
specialized methods of reproduction and 
efficient protection for the tender young 
stages. Armed with these new qualities, 
the land-animal can descend into the waters 
again to compete successfully with the crea- 
tures who have never left their ancestral 
home, beating them fairly in their own 
sphere. 

It is not for nothing that the roll of such 
“ second£iry aquatics ” who once were 
inhabitants of the land includes the whale- 
bone whales, largest animals in the world, 
and the toothed whales and killers, largest 
and most ferocious water-carnivores of their 
limes (V) as Ichthyosaurs and Mosasaurs 
(IV) were of theirs ; that water-birds are 
almost as abundant and quite as successful 
as land-birds, and that the water-insects 
dominate all small bodies of fresh-water. 

It is of the greatest interest to find in each 
of the reptile stocks that thus took to the 
water a progressive adaptation to their new 
life. The typical Ichthyosaurs of the Jurassic 
(IV B) were dolphin-like in shape, with the 
close rows of small, sharp teeth characteristic 
of all fish-eating types. What once were 
legs had by then again become the most 
admirably constructed fins. Inside, the 
skeleton of arm, wrist and hand had been 
turned into a veritable mosaic of little bones 
in which even the radius and ulna, which 
make up our lower arm skeleton, can only 
be distinguished from the rest by their 
position, and often extra rows of bones are 
added in the position of new fingers (sec 
Fig. 131). The animals swam by means 
of a powerful tail-fin, placed vertically 
like that of a fish, but with the backbone 
bending down into its lower lobe. In 
the earliest known Ichthyosaur, however, 
from the Trias (IV A) the teeth are fewer and 
less sharp, the tail runs out almost straight 
and must have been far less powerful as a 
propeller, and there arc but the normal five 
fingers in the flippers ; the arm-bones are 
still quite different from the wrist- and hand- 
bones. It is interesting to find that young 
specimens of later forms recapitulate a stage 
half-way between the primitive and the 
well-developed tail-fin. 

Ichthyosaurs, like whales, were so per- 
fectly adapted to their way of life that they 
did not have to come to land to lay eggs, 
but brought forth their young alive at sea, 
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as we know by the evidence of the skeletons themselves on those beaches of 
of a litter within the ribs of their mother, million years ago ; and peril a i 
Other skeletons, however, reveal to us that seals, they still bred on land. 
Ichthyosaurs, like many fish to-day, would Jurassic (IV B) the Plesiosaurs, ,s( 
devour young ones of their own species as well over thirty feet long, had a 
gladly as any other prey. Their fossilized tail, a huge and flexible neck, aneffor 
stomach contents tell us, too, that they enormous sweeps quite useless lor w ^ 
fed abundantly on cuttle-fish and their with. They had become, like Ichthvn^^^ 
allies. and whales, creatures W the sea aloup^ 

Another great group of water reptiles, the The remains of Plesiosaurs’ mrals ha\ 
Plesiosaurs, did not swim fish-like with their also been found, turned into stone, 
tails ; they rowed themselves with their fish, ammonites and cuttle-fish, and sma5 
four great paddle-limbs. Most of them specimens of their own kind ; one has 1 )^^ 
caught prey, after the fashion of a grebe discovered who had succeeded in devoum r 
or a cormorant, with sideways darts of their a Pterodactyl. Unlike the Ichthyosaurs’ 
long sea-serpent neck ; others were more but like many seals, they gulped their prev 
stocky in build with stouter and less flexible down whole and ground it up in ihoir 
neck and heavier head. Of the earliest gizzards by the aid of pebbles, which ihtv 
known Plesiosaur, from the Lower Trias swallowed and which arc often found 
(IV A I ), it is hard to say whether it lived a nicely polished, between their* ribs. Like 
terrestrial or an amphibious life. I’hen came Ichthyosaurs, their skin was bare of any 
animals like Nothosaurus, much larger, and covering of scales. 

clearly aquatic, but with somewhat pulled- The crocodiles are a third group of rcpulc« 
out neck and enlarged hands and feet, which took to life in the water ; in ihf 
doubtless fully webbed. These creatures Mesozoic (IV) many of them became marine 
must have come ashore, like seals, to sun and much more highly adapted to a fulK 


hundred 
also like 
•lot by the 
of then, 



Fig. 227. Various reptiles which have returned from land to a sea life. 

L{ft, Metriorhynchus, a sea-crocodile of the Upper Jurassic Period {IV B 3) with jUppers and tail-fin. 
mosasaur from the Cretaceous {IV C). Above, on the rights two icpl^saurs, adult and young. The tatl-pi^ 
especially in itr upper lobe, as the animal grew older. Below them is ^ plesiosaur. Below that again are two .«• ‘ 
a sea-snake {Platurus) with expanded fin, found living to-day. 
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lif,. than any now .living. Some 
1 .1 tail-fins like the more pnmiUve 
undulations of these 
'^K'.longated body swam a more 
f ,1 iK'wi. They used their hmd-hmbs 

fa P 

' limbs were often of such diminutive 
■^Tthat the animals could never have come 

""v r^^innst we omit the water-tortoises 
b jU-s The tortoises apparently began 
T\r c areer after the fashion of the burrowing 
maclillos of to-day, and like them developed 
niour and had their teeth reduced. In 
l,nih respects, however, they went farther 
th,n most armadillos. The armour became 
a veritable strong-box unique in its solidity 
among land-vertebrates. Even the Tank- 
iniiadillos, the Glyptodonts (Fig. H^), 
had no armour-plated flooring, nor was their 
roof of bone firmly cemented with their 
vertebral column, as in the tortoises. And 
teeth were altogether lost by tortoises, 
and sharp, horny beaks substituted. One 
tortoise from the Trias (IV A) has a few small 
KTth on its palate— ancestral mementoes. 
The earliest tortoises were all land creatures ; 
but by the Jurassic (IV B) some of them had 
taken to the water, to adopt carnivorous 
iiabiis and became the progenitors of the 
modern producers of tortoise-shell and turtle 
soup, increasing the length of their great 
ilippers and developing great speed by 
reducing their heavy carapace of bone 
ulmost to nothing. 

Finally come the true lizards. Several of 
their relatives look to the water ; but only 
OIK' stock need be mentioned here— the 
Mosasaurs. They appear much later than 
all these other water-reptiles, not till the 
early Cretaceous (IV C i). The earliest 
tapes, though obviously water-animals, are 
Mill very like the living lizard Varanus, 
aahich includes the Komodo “ Dragon.” 
fhe later forms were much larger — some 
of them forty feet long, with long, undulating 
body and tail-fin, four smallish paddles, 
formidable teeth. Like snakes, they 
could dislocate the two halves of their 
bwer jaw, and so could swallow prey 
apparently bigger than their mouths. 
Whether this or some trick of speed or resis- 
tance was the cause, they speedily became 
the monarchs of the Cretaceous (IV C) seas, 
^he marine crocodiles of the Jurassic 
h) did not survive their coming ; 
the Plesiosaurs diminished in numbers ; the 
It'hthyosaun took a still more rapid plunge 
tjownliill, and all became extinct well before 
end of the Cretaceous. 


§ 4 

The Conquest of the Air 

Life in the open ocean moved in three 
dimensions. When it emerged on land, 
it became restricted to two : up-and-down 
was removed from its repertory. But above 
the surface on which it crawled or fixed 
itself, there was another ocean, the ocean of 
air. In this ocean, too, it was possible to 
swim, if life could find out the way. The 
way w'as not easy, for the fluid of which the 
ocean of air ’is composed is eight hundred 
times more tenuous than salt-water, and 
eight hundred times lighter than the living 
substance that demands support from it. 
None the less, life surmounted these diffi- 
culties to the full no fewer than five times, 
besides making a score of partial e;xplorations 
of this new territory. 

The partial explorations are those of 
passive floating, as in dandelion or milkweed 
seeds, in wind-borne pollen, in gossamer 
Spiders ; and those of parachuting as in 
“ flying ” squirrels, lemurs, phalangers, frogs, 
and lizards. And even water-animals have 
exploited the air, shooting out of water for 
a hundred yards or more on outspread 
planes, like the flying-fish. The five active 
conquests, in historical sequence, have been 
those of insects, flying reptiles, birds, bats, 
and man — man being the only organism 
except the gossamer spider to use a vehicle 
to take him aloft. 

Man’s aerial achievements are mechanical 
rather than biological in their interest, and 
we cannot touch on them further here. 
The active invasion of the air, with tHfe 
exception of man, has always been accom- 
plished on true wings, which, though they 
may be temporarily used as gliding planes, 
arc essentially movable organs, supplying 
motive power as well as support, unlike 
the planes of an aeroplane. In the three 
groups of vertebrate air-invaders it is the 
the fore-limb which has been, turned into 
at least the main part of the wing (see Fig. 
132). But in insects the wings have nothing 
to do with limbs— they are outgrowths from 
the side of the so-called thorax. No insect, 
so far as we know, has ever had more than 
two pairs of wings sprouting from the second 
and the third of the thorax-segments. 
But in some of the earliest fossil insects a 
rudimentary flap, obviously corresponding 
with the true wings, is found on the first 
thorax-segment, too. 

Many suggestions have been made as to 
the possible origin of insect flight ; but it 
must be confessed that they all remain very 
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hypothetical. At least, it seems probable 
that their wings were first mere flap-like 
outgrowths which helped the creatures to 
parachute from tree to tree or from rush- 
stems to the safety of the water ; and that 
gradually the second two pairs became large 
and movable, while the first degenerated. 
Their later evolution consisted chiefly in a 
rearrangement of the chitinous ‘‘ veins,” 
which act as their tiny but indispensable 
girders and stays, a rearrangement which 
gave greater strength ; and in a substitution, 
in the better fliers, of a screw motion for the 
heavy up-and-down flapping of the earliest 
forms. Parallel with the evolution of the 
wings has gone an evolution of the muscles. 
The striped muscle-fibres of insects have 
much bigger light and dark bands in them 
than our own, and this seems to make 
them capable of more rapid contraction. 
Rapid contraction is certainly necessary, 
since a bee in flight beats its wings over ten 
thousand times a minute, and a house-fly 
nearly twice as often. 

The insects, though of course they started 
as mere crawlers, became flying animals 
very early in their history ; the group as a 
whole is a flying group, and when wc find 
wingless forms, they are almost all, like 
fleas or many wingless beetles, creatures 
which have lost their wings and gone back 
to legs alone. But with the vertebrates 
it is very different. Compared with insects, 
they are big, heavy creatures, and it was 
much more difficult for them to embark 
upon the thin air-ocean. With the insects 
all the attempts at flight, all the half-and- 
half successes, are things of the remote 
geological past. But with vertebrates full 
success in the air has been sporadic, 
confined to three groups ; and among other 
groups we find to-day many examples of 
incomplete exploitation of flying. 

In practically every case the incomplete 
vertebrate flier is a parachutist. The com- 
monest method is for the animal to be 
flattened, with a ridge of skin extending 
along the sides of trunk and limbs. This 
may remain very rudimentary, or it may 
enlarge until fore- and hind-limbs are joined 
to each other and to neck and tail by a 
regular membrane ; in the flying lemur 
the parachute-membrane reaches almost 
to the finger-tips. When the creatures 
jump into the air with outspread limbs they 
are living parachute-gliders, steerable by 
movements of the tail. The chief variant 
on this is given by the flying-frogs, in which 
the webbed feet have been utilized as the 
basis for the parachute, and enlarged 
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until they are pig enough for th.- litti. l 
to ski through the air on them And ih 
are the flying lizards, Draco, which M 
themselves up with air when (hey •‘n®'!! 
and combine the properties of parachm 
and balloon. ^ 

All these creatures arc Ircr-livers a H 
their flight is always a parachutiiiK’ 
which merely extends the distance to 
covered by a leap. It is thus naiuril 
to imagine that birds, bats and picrodacivK 
originated in the same way, as jumpmiT 
parachutists, and although we have no actual 
intermediate stage, it is reasonably certain 
that bats and pterodactyls, at any rate did 
start their flying career thus, for ’ the 
resemblance of their construction to that of 
a good parachutist like the flying lemur is 
striking, and their great membranes, 
stretched from limbs to neck and tail, could 
hardly have originated in any other was 
All that is needed to convert the one type 
into the other is an elongation of the foK-- 
liirib’s fingers, and a strengthening of the 
muscles needed to flap it. 

But this wc may note about the paracliu- 
tists, all four legs arc always involved in ilu- 
vane, hind as well as fore. This is true also 
of bats and of pterodactyls. But it is iioi 
true of birds. The bird flying-apparatus 
involves the arm only ; the leg is free lo bt 
used as a leg should. Herein lies th(‘ siutrss 
of the birds, as opposed to the bats, for 
example ; a bird can fly and run as well 
Moreover, another point of difference, tln' 
vane itself in birds is not a membrane ol 
stretched skin, as it is in parachuting hcasis 
or bats or pterodactyls ; it is made ol those 
marvellous and unique constructions wc call 
feathers. 

We still lack a continuous series of fossils 
to give us the story of the origin of the hiids 
wing. It is possible that feathers were not 
evolved stage by stage with the wing, and 
as part of the wing, but separately and ii> 
the margin of the Jurassic world, as a tempfi- 
ature-prolccting covering, an improvement 
on the simple scales from which they must 
have been elaborated. Since the larger 
part of the world in the Jurassic Penut 
(IV B) was under warm and equable 
conditions, it seems reasonable to suppose 
that the early evolutions of this waimn 
retaining covering occuired in the nrcuiu 
polar regions and that they crept into vogin 
only with the increasing climatic ( viicnie 
of the Cretaceous (IV C). Once the\ \ser 
developed, their lightness would open up 
possibilities of gliding and flight 
unknown in the world. Just how 
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possihilitifS first came to bo exploited is not 
\(i clear. It may Ido that the birds developed 
lioiTi running reptilt^s of the open plains, 
1)1 lion I clambering reptiles that leapt 
.111(1 then glided from branch to branch. In 
Nippon of the first suggestion we have^ the 
^kcldons of numerous running biped 
binosuurs with hind-legs and a bodily poise 
(XliTinc ly like that of birds, and with their 
loie-limh in a reduced state and evidently 
-nailable for any adaptive utilization, 
lliere are authorities who believe that the 
niitg arose from the development of the 
bre-liml) into flappers and sails more and 
inere adt'quately feathered, taking more and 
more weight off the ground as the creature 
If tliat is true it explains the admirable 
fbvclopment of the bird leg, as contrasted 
"iili tile leg of a bat or a pterodactyl. In 
'■'ipport of the second view, we have the 
‘'kcleton of the first known bird Archaeop- 
hoaulifully engraved on the litho- 
'j’-iphu Solenhofen slates of the Upper 
Jurassu (TV B 3), with a large wing more 
primitive than any existing bird’s wing, 
built on the same plan, and a long tail 
Mb Well -developed feathers on either side 
it quite unlike the rump of any existiilg 


bird (see Fig. 127). This creature seems 
clearly to have l)een a forest-dweller, 
fluttering and planing from bough to bough ; 
thus, perhaps, the bird stock learnt to use 
its wings. Meanwhile, the pterodactyls 
prevailed exceedingly. 

Fossil remains of bats arc very rare ; 
but in both birds and pterodactyls the ear- 
liest types known are, as flying machines, of 
poor design compared with the later repre- 
sentatives. The long-jointed tail of Archaeop- 
teryx only differs from a lizard s in being 
fringed with large feathers. (It is worth 
noting, by the way, that this row of big 
feathers continues right on to the body, up 
to the hip-region, much as do the side rows 
of large scales on the tails of various reptiles.) 
This is evidence that it must have kept above 
a certain minimum speed if it was not to 
“ stall.” It must have been plunged rather 
headlong into the branches where it wanted 
to land, instead of being able to poise and 
drop accurately, like a modern bird with 
its tail reduced to a fan of feathers radiating 
out from a mere stump of bone. The 
development of the “bastard-wing,” a 
tuft of feathers attached to the thumb, and 
movable separately from the wing as a 
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whole, seems also to have been a great 
aeronautical improvement. 

Flying reptiles effected many improve- 
ments in their design throughout the 
Jurassic-Cretaceous Period. The earliest 
forms known, and those most like ordinary 
reptiles, had long tails and must have 
practised a gliding, planing flight, with 
occasional bursts of wing-beats. Their wing- 
fingers cut through the air with a stiff and 
slightly concave edge, their wings were long 
and pointed, and when the animal walked 
must have been cocked up over the back. 

The earliest forms had a membrane 
stretched between tail and hind-legs, as 
specially bent bones of the hind-foot testify ; 
but by the later Jurassic (IV B 3) the much 
elongated tail was probably bare save for a 
diamond-shaped horizontal plane at its tip. 

Flying reptiles of this tailed type died out 
at the end of the Jurassic, soon after those 
of more advanced construction had appeared. 
These had vestigial tails and began their 
career with the short rounded wings that 
seem to indicate flapping flight by rapid 
wing-beats. J heir skull was much more 
bird-like and, like true birds, they gradually 
rid themselves of the excess weight of teeth, 
substituting for them a regular horny beak! 

This new and more succe.ssful type radi- 
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ated out in several di^Uon 
flying-lizards no largerliau 


We, j 

.u ’ ".i; — -“‘get- 'mail ,1 

the other extreme gave the wn.l, ’ « 

•most extraordinary creatures • 
seen, the great Pteranodon of iL i * 
taceous (IV C 3), with a 1 
bone protruding back from iis 
doubtless serving as a verii.ul ft ^ 
creature was m its linear dinu „s;. 1 "" 

the biggest-living flying-maclmie V" 
structed, measuring up to tweniv-fiV r"' 
in wing-span, twice as much as' 7,11 
tross. But m weight it was probti' 
greater than an albatross, readiing 7; 
thing like thirty pounds. As Seh, 7 
says : “ Their body was but an appt 
to a pair of win^.” The remams^.f ,t 
creatures have only been found in forma,,, 
of pure chalk which were deposited f 
from land They must havejived a lifr 
like the albatrosses of to-day, ere.uures «f 
gliding flight, searching the open sea f,,, 
lood, perhaps resting on its surfate, ,„,d 
only returning to land to breed. 

Pterosaurs evolved many charactm 
adapted to air-life which were also latrr (luiu* 
independently evolved by birds, '['hv horri\ 
beak and the toothlessness we have alr(.“ad\ 
mentioned ; their cerelidlurn, hraia-on^an 
lor balance and quick adjustment, was la^rirr 



Fig, 229. Various kinds of flying reptiles. 

ua’ Mlims looMss and probMy caught h-h Uu 

. Un the rock are Rhamphorhynchm and Dtmorphodon, Im pueosaurs with a long tail Ming in a membrmrm 
and, below them, Pterodactylus, a small, almost tailless form. 


I 1< • ^(ill more remarkaWc were the 
k‘" 1,1': ulledOlhair instead of marrow, 
F""": i;.. I'shtness. But they never 
» warmth-retaining covenng ; 
h soi'X' been found with a long 
hau^likc plumes, these must have 
C for a(i<)rnment only i the body and 
, Lrv' wnios, even in the most exquisitely 
^Lnvrd specimens, are bare. 

^ This nuclitv undoubtedly was an important 
usr of their ultimate downfall. It did not 
Ko long as the temperature was high 
Id the chinate mild. But when the sharp 
chaiii^e ol climate brought the Cretaceous 
,I\' C) to a close, the birds began to reap 
the full advantage of their feathers and warm 
blood. They carried their warmth about 
ivithiii ihemselvcs, and . so could live at 
;iich a rate, with such a formidable energy, 
[hai they (p^ite outstripped their leather- 
iunyed rivals. 

Theie was also another reason for their 
, lie cess. Birds are the only vertebrate 
licis who have kept their legs from being 
iiixed up with their wings (though insect 
UTb have also kept free of such “ entangling 
alliances " ) ; even in the tailless Pterosaurs 
the wing-meniljrane had to be spread across 
from the linger and made fast on the knee. 
And tlicy have evolved by far the neatest 
wav of folding their wings when not in use, 
so that, unlike those of Pterosaur or bat, 
thev do not interfere with other activities. 
The bird, thus unencumbered, can turn 
its legs to running or swimming ; it can 
pass from air to land or water and be 
adapted to all, while bat and flying-lizard 
arc mere shufflers on land, and bats at least 
must roost by suspending themselves head 
denvn wards. 

It is no wonder, therefore, that after the 
threat geological revolution that closed the 
Mesozoir Era (IV) the birds became the 
dominant form of aerial life. They have 
never succeeded in developing their brains 
the same degree as certain mammals ; 
nut in some regions of the globe their 
■nobility combined with their warm blood 
^akes them the dominant vertebrates, 
.uus, in the arctic lands, the land-mammals, 
jicd to the soil, are few in numbers and in 
inds ; but tens of thousands of sea-birds 
utne eacli summer to nest in clifTs and exploit 
^ teeming waters for food, making off 
^ugh the air at the approach of winter. 
‘y»ug-hirds, however, reach a limit of 
ninch sooner than land-mammals, 
j hecause, as any textbook on aero- 
^niics will explain, the bigger a heavier- 
n-air machine, whether living or not, the 


faster it must fly to keep itself from crashing. 
In order to develop this speed, more power 
is needed ; and it can be calculatca that 
• with increasing size the power needed goes 
up faster than the weight if the proportions 
of the flying machine remain the same. 
But the only way for a bird to secure increased 
power is by increasing its wing-muscles ; 
and increase in dimensions thus means a dis- 
proportionate increase of these, its engines, 
and the time must come when further 
enlargement is quite impossible. In flying 
vertebrates the crucial point is reached at 
about fifty pounds weight. Were it not so, 
as J. B. S. Haldane reminds us, “ eagles 
might be as large as tigers and as formidable 
to man as hostile aeroplanes.” 

The same author calculates that in order 
to fly a human being would have to have such 
enormous wing-muscles that the keel of the 
breast-bone, to which they must be attached, 
would have to be over four feet long, his 
legs would have to be reduced to spindly 
stilts to economize weight — and even so his 
biological success would be dubious in the 
extreme. Thus while the mechanics of 
animal flight, luckily for man, keeps birds 
down to a harmless size, a knowledge of their 
principles explodes a religious fantasy. It 
demonstrates the impossibility of angels, or 
at least of angels of the accepted pattern. 

§ 5 

Dinosaurs 

On land, reptilian life had embarked on 
equally striking adventures. We have 
already mentioned the land-tortoises. 
Everyone has heard the story of Sidney Smith 
and the kind little girl he found stroking a 
tortoise. “ Waste of time, my dear,” said 
he. “ You might just as well stroke the 
dome of St. Paul’s and think you were 
pleasing the Dean and Chapter.” The 
stimulus was all loo far away. Sidney 
Smith was not quite accurate ; as a matter 
of fact, there is an abundance of pressure- 
sensitive touch-organs between the thin 
horny part of a tortoise’s carapace and the 
inner bony dome, and the animal doubtle.Ss 
was aware of the little girl’s caresses. But 
for all that, the thick carapace has meant 
a loss of contact with the environment, and 
has kept the creatures rather insensitive ; 
while its great weight has prevented them 
from achieving speed, and its protection has 
allowed them to dispense with mental 
activity. Once they had achieved full 
tortoise-hood, which they did before the 
end of the Jurassic (IV B), once they were, 
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SO to speak, established and endowed, they (IV A i), either hoppers, like th- I 
could survive or they could die out, but two-legged runners with tail ' 

they could not veiy well evolve ; and they behind for balance like some ol the m- 

have remained, relatively unchanged, ever lizards of to-day. Some of tjhm 

since. have taken to the trees; others, 

It was the Dinosaurs, alone among reptiles, more bulky, used their tail as 

who were really successful on the Mesozoic they shuffled over the ground or sat^^ 

lands. Their dominance lasted a hundred munched. One of these early lines 
million years ; but finally every one of them the light build and active habits ' a n 

was wiped off the face of the earth. Some after giving the world some little hoo*'^’ 

eight or more sub-orders of this wonderful like modern jerboas and wallabys 

stock are to be distinguished, radiating IVias (IV A), later on produced 8011^ 

out until their members differ from one remarkable running creatures, such 
another as radically as a giraffe from a rat Struthiomimus, extremely like enhiifred and 
or an elephant from a lion. reptilian ostriches in all but their long tad 

A striking difference between Dinosaurs and their apparent lack of feathers, 
and mammals is that a large proportion of None of the hoppers ever grew very bulk^ • 
the former w'alked mainly or solely on their two related lines, however, both achieved iV' 

hind-feet. It .seems that the ancestral cord size, the one a record for land-carnivuus 

Dinosaurs, in striking contrast to the ancestral the other, vegetarian, a record for all animals 
mammals, must have supported themselves not wholly aquatic. The carnivorous hue 
entirely on their hind-legs, and only among became larger and larger to copi' with ihr 
the bulkiest types was there a reversion to a increasing bulk of its vegetarian rdaiivcs 
four-footed mode of locomotion. All the and prey, its teeth became more foriiiid.il ilc, 
earliest known types were bipedal, well its fore-arms, at first provided with vicious 
‘suited to the open dry plains that covered claws to dig into victims, later degeneratint; 
.so much of the early 'Iriassic landscape into almost useless vestiges in favour of ihc 



ug, 230. Various Dinosaurs from the Cretaceous {IV C). 

Above, ftom left to^ right : — the vegetarian Duckbill Dinosaur, Trachodorf^A hopper ; its half-aquatic relative Coi 
the Crested Dinosaur; the rapi l-running Ostrich Dinosaur, Struthiomimus. Below, Polacanthus, with two rm^ 
bony spikes along its back, and two specimens of Omitholestis, an active predaceous animal, catching primxtu'^ 
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^ ith its ferocious teeth. It and reproduction, and life can produce 
I'he Tyrannosaurs, whose knee creatures well over a hundred tons in weight, 
Iniinateo ip height above the ground, like the great whales. On land, on the other 
^ I ‘ " \vventy feet up in th^c air — hand, the present maximum attained by 
:,)se head ^va ponderous, engines of des- elephants is well under ten tons ; and the 
rinidablei ^ 1 limit, as given by certain gigantic fossil 

.} •]( the vegetable-feeding line, creatures called Baluchitheres, seems to 
\Iranw u < immense, had come have been under twenty tons. 

fours and given us the only The Sauropods were in all probability 
trl)rates which begin to be built half aquatic, the hippopotamuses of their 
,Ther vTi ^ scale of bulk as whales, the age, living in rivers and lagoons and marshes, 

‘ ^ k or lizard-footed Dinosaurs. We using their long necks to browse on the banks, 

] ii(‘ that several of these gigantic and perhaps, swan-fashion, on the bottom. 

” must have reached over thirty This conclusion, based on mere weight, is 
a few over forty tons in weight, supported by their having their nostrils 
Liurus the largest of them all, is turned into a blow-hole high up on the tip 
‘■'llVican form with stocky body and fore- of the head. It is a curious fact that they 
‘ I loimer than hind. All the rest have the have no grinding teeth ; but they had stones 
V' nrarly horizontal on the legs. 'Fhe in their gizzards, and doubtless, after bolting 
nnican Brontosaurus, the “Thunder their food whole, used these instead of 
mos'uir ” has the body of a much enlarged molars. These half-aquatic giants had, 
nhant hut (as in almost all these creatures) unlike their carnivorous cousins, already 
hiiae iR-ck and tail, “ as though,” writes reached their maximum size and special- 
ill “ an elephant were deprived of its ization in the Jurassic (IV B). In the 
,imal terminals and provided with those Cretaceous (IV C) they dwindled m numbers, 
an enormous snake.” Diplodocus was apparently supplanted by the creatures 
iidcrer with a veritable whip-lash of a we are now about to describe. 

,1. lorty feet long. This it probably used These fall into three main groups. There 
tiue whip style to defend itself. Fractures are, first, the beaked and toothed forms, 
the tail-vertebrae of one or two specimens like Iguanodon, celebrated because of the 
rhaps mark where they struck the bodies of discovery of a whole band of tv^enty-nine 
nr avid flesh-eating enemies. specimens, entombed together with many 

Popular fancy persists in imagining pre- other creatures, such as crocodiles and tor- 
storic man engaged in a struggle with toiscs, apparently as a result of being over- 
eatiircs of this type. As our readers will whelmed by a flood. The remains were 
i\T realized, this is an anachronism ; popu- found at a depth of over a thousand feet 
r fancy is out by at least fifty million years, in a Belgian coal-mine; much ot me 
II is doubtful, on purely mechanical deposit is still unexplored, and would doubt- 

ounds, whether any animal living alto- less yield many more Mesozoic reptiles, 

ther on land could exist of the size of those The Iguanodons combined two distinct 

iRe Sauropods. The supporting power of species, one a good deal smaller 

iin‘ increases as the area of its cross-section, other ; but no young ones were found, and 

berefore the cross-section of land-animals’ apparently the two sexes were alike in fheir 

nb-bones must increase proportionately skeletons. These animals must have lived 

the weight to be supported. This, as a much like the giant ground-sloths of a later 
tie calculation will show, means that the age, but they were provided with a remark- 
)nes' own weight must go up faster than able battery of grinding teeth, multip e 
e weight of the active tissues by which they rows of them above and below, and the shape 
e moved and nourished. A stock of animals of their jaw makes it almost certain that f 
f^lving towards greater bulk is thus faced, had a long prehensile tongue like a giratle s 
(laphorically speaking, with a dilemma, for pulling off leaves and branches. A 
it must reduce its skeleton below closely related line comprises the duckbill 
niargin of safety, or it must devote an Dinosaurs, with their upper-j^aw expanded 
'^-inerrasing proportion of its substance into a gigantic replica of the beak ot a 
* ^lic task of supporting the rest, until the shoveller duck or a spoonbill. This, with 
^«unt of skeleton becomes wholly unecon- the horns and crests that some ot them 
Tiose handicaps set a limit to the carried, together with their often great size, 
k can attain. must have made them look very queer 

the water, however, weight is negligible ; creatures indeed. They went in for qu^ity 
is limited only by considerations of food instead of quality in their gnnders. 1 heir 
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,teeth were poor in enamel, but as soon as 
*one row wore out, another came on tc^ take 
its place ; the tooth-magazines of Trachodon 
comprised a total of 2,072 teeth ! The im- 
prints and even fossilized remains of the 
skin have been preserved in a few cases. 

Then there was another branch, the 
%egosaurs, which went about on all fours 
and developed the most astounding armour 
on the back -great upstanding two-foot 
plates of bone in one, in another a dense 
bone-shield over the loins. The tail in 
general turned into a club or mace, often 


was eight feet 


CHaptej^ 1 

long. Thes,. 


bracing themselves on "their h 
seem to have taken saplinsfs' • 
their powerful homed beak aml'h 
off by a violent twist of hr id „ ^ 
the neck-vertebra: are left oi)i„ T 
Professor Tait has pointed „„i “ 

damage to the spinal cord from this? 

I nilC iT T. • » . I 



Fig. 231. Above, restoration of Stegosaurus, a vegetarian 
Dinosaur which ranged from twenty to nearly thirty feet in 
length. Below, an outline of the animal with its brain 
and spinal cord in black. The brain was tiny. In the 
hips region was an enlargement of the spinal cord far 
larger than the brain, for reflex movements of tail and 
hind-legs. 


with spines on it, to lash out at their carniv- 
orous relatives, and the head and brain 
were almost unbelievably small. 

And, finally, another quadrupedal branch, 
the Horned Dinosaurs, anticipated in .some 
ways the heavy horned Titanotheres and 
Rhinoceroses among mammals. They had, 
however, one unique feature—a huge neck- 
shield of bone, sometimes as a solid frill, 
sometimes in the form of a chevaux de frise 
growing back from the skull, over the nape ; 
and the skull was generally equipped with 
several powerful horns. In one species the 
skull, from tip of nose to end of neck-frill, 
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Thusrif we maTbr^. Z? 

Achilles’ heel in their neck '- ',nr^ 
probability the bony frill wa’s f 

guard this vulnerable spot. “ '' 

These were the latest Dinosaurs to rvoKr • 
and It was one of them tiuu left i,' 
; eggs with the fossilized remains 
embryos inside them which ,|! 
American Museum Expedition foun 
in Mongolia. Many eggs „f extb, 
reptiles have been discovered bui 
these were the first found in a'n,M 
still in the position in which tlm 
were laid. 

'bhe later Dinosaurs, we may note 
included a great number of plain, 
caters, often highly specialbcd for : 
vegetarian diet. In the Trias aiK 
earlier, both among Dinosaurs anr 
other reptiles, the number of plain 
feeders was much less ; and the nios 
primitive reptiles were all flesh-eators 
We have already seen that all ampin 
bians, living or extinct, ar(‘ or wen 
flesh-eaters, and have traced this had 
to its ancestral cause in the ccononiie 
of marine life, to the fact that thi 
great bulk of plant-food in the se. 
exists in such small units that onb 
tiny creatures and current -feeder 
can utilize it. The reptiles were thi 
first to break through the carnivoroii 
vertebrate tradition, and amont 
them the Dinosaurs did so rnos 
effectively. This marked a new stef 
in the exploitation of the resources 0 
the land by animal life. 

But though the Dinosaurs assuredh 

evolutionary history, they remainec 

very backward in one respect — in the develop 
ment of brains. The average weight of y' 
white man’s brain is about three pounds, 
Dinosaur, not even the forty-ton Sauropods 
had a brain weighing over two pounds. 
That means a ratio of one pound of hrain 
to about fifty pounds of body in man, 0! 
one pound of brain to forty-five tbousanc 
pounds of body in a big Sauropod. 
Horned Dinosaurs, though weigluny onp 
about ^n tons, had brains as big a> Diplf’' 
docus or Brontosaurus, so that tlu ) 
probably the cleverest of the bigger DiTiosaiirs 


made 
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brainlessness goes to the 
Sietfosaiirs. Professor Lull has shown that 
^'1 their brain was about two and 
ji hair ouiKes. As in a number of other 
Pinasaui''. the enlargement of the spinal 
.yrd ill ill' hip region, which regulates the 
lUtomaiK' itn)vernents of tail and hind-limbs, 

5 jnatiy times bigger than the real brain. 
Jepiory and thou^t must have been very 
jjni in th('se creatines. It was not until the 
extern, the, Ccnozoic (V), that the lagging 
solution of the vertebrate mind began to 
itch Ilf) VNith, and eventually to outstrip, 
liic evolution of the vertebrate body. 


THE LAND 


§6 

Imecis Multiply as Plants Develop 

It was not only the vertebrates which 
xTiecied their land-life during the Mesozoic * 
lit’ir livals ’ 


arthropods did so loo. 
h- Irli Ilic land-arthropods in the Coal- 
loa-Mirc-s (III E) at a crude and lowly phase, 
rmidmon about corresponding to that 
Haincd by land-vertebrates at the end of 
10 IVrnuan (III F) Of their two highest 
<'iipv spiders and insects, the spiders were 
-IK fly difiercntiated from ticks and mites • 
0 "isecls were all of the lower orders; 

•'It imit lull metamorphosis ; 

«uiu ffrubs there were not, nor 
or pupa. 

l»i Ll.d'^h '<> I'ave 

I.UV.S ■ itip ‘ypt^ of simple biting 

"I ilic'bfc nectar-sucking tube 

'III' house fl ‘‘*”'‘‘1' of tf'o mosquito, 

u e-fly s proboscis, the moth’s coiled 

plant-hugs tlie jh 

‘I*"® the 


caterpillars 
any resting 


the ancestors of the 
were being modified 


IK' 

their 


«f vegetable 


wo-winrr/d f four-winged, the 

‘o^ycthwin and beetles 


wings 


construction, permitting 
“* 'fic .screw ^"^"‘^‘‘lown flapping, but none 
" dra<rn^^fl*‘°" ‘ Stves the modern 
‘tllows the*n-L,“l a'=aal ability, 


ft dra^™a*‘°" .5*'"“ ‘Ito modern 

““'“'c ir u!")' “ Kilndredth of an 

miles an^’ .^Itoot by at twenty or 
^'^estsiance - ®P?^c of the enormous 


body. 

Tile 

^'liich 


experienced by such a tiny 
old, diy speijg geological time 


h*avt- Coal-measure Period 

been hard 


early 


^asects. In 


any 


times for the 
case, they left a 


mea , effect on insect size. Warm 
com are so much more favourable 
to ii e that among modern insects the 
avei ig-spread of tropical forms is more 
that e that of the insect population of 
Gen irope. The average wing-spread 
of arly Coal-measure insects was 
eno -over two inches. In the glacial 
tim< c Permian (III F) this fell to about 
thre 'ters of an inch, to rise again to 
nea ull inch in the warm late Jurassic 
(IV 

P3ld and drought, though they 
still he insects, obliged them to progress 
in ways. In cool climates insects 
muhw as fast as possible in the brief , 
sun ; in arid ones they must make the 
bes iblc use of the diminished and short- 
Iiv( fetahle supply. This gives an advan- 
tag those forms which during their time 
of 1th doff their adult guise and turn 
thfjves into the larval feeding-machines 
wet grubs and caterpillars, and this, of 
copoakes necessary a full metamorphosis 
(h^i the coffined resting stage of the 
puWhich then can be used to tide over 
tiil>f winter and drought. 

!lc no groups of these higher, meta- 
m^osing insects are known from the 
C<ncasure forests, the Permian (III F) 

.slij us a number of such stocks, including 
bJs and caddis-flies, and a primitive 
tJrcpresented to-day only by the scorpion- 
flifrom which most of the highest modern 
gi)s seem to have evolved. 'This change 
fr the state of insect affairs found in 
tlj Carboniferous was undoubtedly due 
tcye climatic upheaval. Suckers of planl- 
jiis, plant-bugs, some of them very 
siiar to modern frog-hoppers, leaf-hoppers, 
aj cicadas were already abundant, together 
vst mantises and modern-type dragon- 

fli 

n the 1 rias (IV A), linking forms leading 
olto the gnats and true two-winged flics 
at to the Hymenoptera are to be found, and 
iithc Jurassic (IV B) these orders, the highest 
d^eli^pment of insect-life, are abundant. 
Bilh* earliest Jurassic termites were present, 
sl^iwiig that social life had been developed. 
Itlis bJicvcd that ants, too, had begun their 
cxistc^e at that time, probably forced by 
the arl times of the Trias into underground 
nests pd communal association. Certainly 
by Ihdurassic all the main orders of insects 
had a sen, though the higher orders were as 
yet roresented chiefly by primitive forms. 

But now a series of new reactions were 
comirj into play between the evolving 
inscetj and the evolving land-plants. Each 
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series was destined to react uab|he other 
with the most intricate *conseq^n«;s. 

You have only to shake a rrt|L-ipine-tree 
on a warm, still day of late spnJto stand 
appalled at the wastefulness Omniferous 
life. The yellow cloud that slowly 
away, dusting you and the urrtmding 
herbage, is nothing but microscipicbollen- 
grains, not thousands, nor milp^ but 
hundreds of millions, and all but|;5^w tens 
or units destined to come to la’ing. 

I’his wastefulness was the peig)^ auto- 
matically imposed on plant-life (the air 
which it invaded. The resistai i spores 
were the best disseminators of the \e stream 
in this rarified and desiccating Wedium. 
Even later, after seeds had bceijrvolved 
and the need for an indeperidcE; sexual 
stage or prothallus abolished, |e^ male 
spores, now to be styled pollen, tj) , mined 
as the best bearers of the male life-jwam on 
its search for union with the femahjell 
wind was still the only means ofjillj 
available. c, 

This had been so from the time 
forests. In the Devonian, in the I 
ous, in the Permian (III D, E, andF)^ qrever 
there were forests and wheneveihJ was 
breeding-lime for trees, “ through tplirccn 
gloom of the long-vaulted colonii-|s of 
naked tree-trunks ” (as Mary Bordcvsrrites 
in Jehovah's Day) “slowly, langulci, as 
snowflakes do, a pale golden sho, r of 
spores floated ceaselessly down fn^ the 
leafy roof to the ground.” Somtuyims 
of coal are almost wholly made of n:ro- 
scopic spores from the Carboniferous ees, 
so abundant was this golden rain ind^^al- 
measure time. For over two ht-cred 
million years this wasteful scatterinjuiad 
continued, most of the innumerable ;l)rcs 
and pollen-grains doomed to speedy \ath 
and decay. But pollen is rich and nutri^us, 
and it cannot be supposed that the irly 
insects neglected this abundant soun of 
food-supply. Some of them doulcess 


became occasionally or habitually ** foin- 
ivorous.” And equally without doub teir 
visits from plant to plant in search f his 
food would result very often in trans ri ng 
pollen to the female organs. 

This, however, would only happer ’i nnlc 
spores and female spores were borni'Dn the 
same cone or flowering shoot, aif, since 
the great majority of naked-seede» plants 
like conifers and maidenhair trees poduced 
their pollen and ovules on differeri cones, 
any pollen-eating visitors they mir have 
had remained (from their point c view) 
robbers. 
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The case was different wuh it,, r 
of the times. The true, sunivij r''*'’ 
obstinately stuck to cones not unlit 
of Conifers. But an extinct p oun U 
Bennettites, after the botanist 
pursued an evolution along quite othe 
As some of the ancient club-mosses oM 
first land-dispensation evolved fais^ 
so these evolved in the ^irectii " 


must call false flowers. In 


lid the 
isport 

e first 
nifer- 


these reproductive shoots, half-cone hd 
flower, were two-sexed ; and their 
resemblance to modern true flowers 
often striking. One called IVilhammul 
had a row of stamens round a central knol 
which bore the female parts ; the stamem 
were very large, and perhaps were bright 
coloured to make up for the absencr 0 
petals. Bennettites had an even mon 
elaborate flower, with quite cnorniou 
stamens, and long plumy-haircd bracts n 
place of a modern flower’s calyx. Kvn 
forms with separate sexes, like Willmi 
sonia^ had star flowers as conspicuous as ; 
modern celandine or anemone, thougl 
built on a very different plan. 

We do not know — and perhaps never slid 
know — but it is a by no means unrcasonahli 
guess that in some of these Jurassic Chcad 
there had been developed glands seciciim 
sweet juices to supplement the attiattioi 
of the pollen for insect-guests. And whcihr 
this was so or not, this step in evolutioi 
must have been accomplished in the stocl 
of true-flowering plants (which branchre 
off apparently from some Cycadeoid type 
before the early Cretaceous (IV G ij, ioi 
by then flowers almost identical with somi 
that still exist to-day are to be found 
This could have been prophesied on th( 
basis of knowledge of fifteen or twenty year 
ago. A very recent discovery illustiaioi 
both the tricky nature of the fossil recorc 
and the beautiful fulfilment it makes of lb 
biologist’s prophecies when it does yidj 
its treasures. The essential step by 
the true-flowering plants, the Angiosperms. 
differ from all lower forms, is not the showi- 
ness of their reproductive shoots, but the 
enclosure of the whole spore-capsule an 
the seed into which it develops, inside 
leaf on which it grows. This leaf, it 
be remembered, is then styled a carpel, an ^ 
the hollow structure which it and its fellow^ 
produce has so long been miscalled oia^) 
that we cannot rid ourselves of the leini- 
Now in 1917, in Middle Jurassic 
(IV B 2), a plant was found which ‘ 
the evtrtutionary act of turning sporedcav 
into carpels. In this plant, chri^tcut^ 



the full conquest of the land 


. ,|H- , pore-leaves bend right round 

[jytonW’ jjjg enclosure is not 

*'■ .mplrt’e- Caytonia may not be 

I line to the modem flowering 
' II cannot be far removed from 

n.Hl luu- flowers had come into being 

',i„- c;ii‘i-ic'cous (IV c). . , 

'>1 1 vv.i^ f 

rtunit' The wasteful method of 
’Crinu ”fl'c nitrogenous material 

?',,ollen liroadcast on the wind could be 
jndonnl by the plants ; and the much 
re dirra and economical facilities for 
’L-fn tili/ation provided by insects could 
o. exploited by the expenditure of a few 
Irons of suk^ar-water. For the insects, new 
J, of life were opened up, and a whole 
HU \vinged population came into being 
nourished by flowers and their 
(Ttriions In the flower-visiting insects, 
he main changes took place in tongues and 
iisimcts. The honey-bees, while keeping 
linr mandibles to help in manipulating 
hen waxen cells, had the rest of their mouth- 
jaiis modified into a longish suction-tube 
Mill a sort of spoon at the end ; the butter- 
Ik's and moths developed a remarkable 
iiliulai trunk for nectar-sipping, while in 
ill save one or two primitive forms the biting 
iiuiiidibles have been reduced to vestiges or 
Id nothing. 

Though there are a few butterflies and 
iioihs which have taken to fresh sources 
j 1 liquid food, like the juices of fruits or 
putrid meat, the vast proportion of 
hrm arc still tied to flowers for their food 
IS closely as a whale is tied to the sea, and 
-u' (an assert without fear of contradiction 
licit without the evolution of flowers the 
,Toup would never have come into existence, 
bul the same is true of honey-bees, with 
Ten whole economic life based, like their 
tiiiaioiny and their behaviour, upon honey 
‘ind pollen. 


But once the floWer-inscct partnership 
''US set up, the destiny of the flowers was as 
•tiuch changed as that of the insects. In 
dll' provision of nectar, the uneonscious 
bices of evolution anticipated human econ- 
•jmics, the recompense of goods for services 
rendered. But the matter did not stop here, 
und acK ertisement was brought in to push 
plant’s wares. Bees, as we now know 
Irom accurate experiment, perceive colours, 
tan appreciate differences of shape, and arc 
^ssessed of a delicate sense of smell. 

‘ ‘^tordingly in plants the pressure of selection 
taused the flowers to develop a whole set 
^ new characters to attract the attention of 


their insect visitors through their senses of 
sight and smell. 

Petals are new organs, neither leaves nor 
bracts nor stamens, whose prime function 
is to stimulate the sense of sight by their 
colour and pattern ; other neighbouring 
parts may sometimes supplement and even 
take over this duty, as when sepals add to 
their original function of bud-protection by 
becoming brightly coloured. Nor must it 
be forgotten that for most purposes the 
advertisements of plants, like those of men, 
must be distinctive. It is not much good 
to Mr. X, the manufacturer of X’s soap, if 
his advertisements merely stimulate a desire 
to buy soap in general ; and it is not much 
good to a plant if its floral advertisement is so' 
like that of others that insects visit them all 
indiscriminately ; for then most of the pollen 
they bring will be that of the wrong species 
and their visits will be, from the plant’s 
point of view, wasted. Accordingly, not 
only is it generally of service for each flower 
to have its own trade-mark, so to speak, of 
form and colour, but special scents are often 
developed, each one characteristic and 
unique, and each announcing to the questing 
insect the presence of its possessor as un- 
mistakably as wireless signals tell the listener- 
in what station is transmitting. 

The size of flowers or flower-clusters, 
culminating in the yard-broad Rafflesia, the 
five-foot sprays of Wistaria, or the displays 
of tropical orchids ; the brilliance of the 
gentian’s intense blue or the Indian Paint- 
brush’s scarlet ; the fields of poppies and 
the gold of the goldcn-rod in waste places ; 
the conspicuousness of the white and light 
yellows of the flowers that open in the twi- 
light, like the Evening Primrose and Tobacco, 
to attract night-flying moths ; the vivid 
shape of the Star of Bethlehem or the 
magnolia flower set among dark green leaves ; 
the scent of heather and wild rose and honey- 
suckle — these are neither accidents nor 
properties designed for the delectation of 
human beings, but are evolutionary products 
of the partnership between insect and plant, 
with as material a meaning as that of an 
insertion in the advertisement column of 
a paper, as solid a commercial basis as a 
poster-campaign to launch a new brand of 
cigarettes. 

In a certain real sense, insect-pollinated 
flowers and flower-pollinating insects 
together constitute a single biological group. 
They are as mutually interdependent as the 
fungus and al^ which together make up a 
lichen, biologically if not physically inter- 
woven. 
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Like other biological groups, this partner- all long-tubed flowers, and with h 
ship-group progresses and evolves and shows spurs, all the asymmetrically- built onesiT?' 

adaptive radiation. We can only mention mints and snapdragons and ib,. ^ 

two ofthechiefways in which their evolution tribe, often provided with spcdal 
moved. In the first place, to preserve the landing-stages or lips, all the flowerrri 
nectar-bribe from casual visitors not likely the sage, with pretty mechanic al iricb d 
to carry out their part of the biological dusting bees with pollen in the ri^ht 
bargain, it was more and more securely all the orchids, whose almost increciibli 
hidden away at the bottom of long corolla- devices for securing cross-pollination ^ 
tubes, as in tobacco-plants and many lilies, intrigued Darwin that he devoted a 
in special flower-spurs, like those of colum- cinating book to them—these and many othd 
bine or honeysuckle, or behind closed elaborate constructions arc specializations 
flower-mouths like those of snapdragon, which grew out of the earlier and simpb 
which only the weight of some creature as big insect-visited flower as the Pterodactyls Ltd 

as a bee could open. And these changes, Dinosaurs and the Ichthyosaurs grew out of 

of course, necessitated corresponding changes the earlier and sirnpler types oC reptilf^. 
in the flowers’ regular visitors. To reach And the response in insect evolution was seen 
the concealed honey, the insect proboscis in longer and more elaborate tongues, 
became longer and longer, till it culminated greater dependence ori a barticulat kind oi 
in the trunk of butterflies and moths, packed plant-partner, or, as in the honey-bee, by 
in a coil when not in use, but often longer elaborate instincts which ensure that, though 
than the animars body when extended, many kinds of flowers are visited, usually 
When a Madagascar orchid was discovered only one sort is visited by one group of indi\ id- 
with a honey-spur eleven inches long, uals on any one day. 

Darwin prophesied that an insect with a Once the flower as we know it had been 
trunk of this unlikely length would be dis- brought into existence, other animals besides 
covered too in the same region ; a few years insects began to enter into partnei-ship witli 
later the discovery was made— a hawk-moth the flowering-plants. The golden saxifrage 
with an eleven-inch proboscis. is said to be pollinated by snails ; in |a\d 

Then, secondly, it wa§ often to the plant’s and Trinidad the fertilization of some lue 
advantage to become more and more closely is effected with the help of bats ; aud, ii! 

partnered with one or two kinds of insects, the tropics particularly, there arc a minibn 

which in their turn visited few or no other of tiny birds like humming-birds and .sun- 
flowers, rather than relying on many and more birds and honey-suckers which specials 
catholic species, since by this means the in visiting flowers. It is interesting to bne 

wasteful visits, each a dead loss in nectar, that most flowers which depend on bird! 

when an insect arrives with a load of pollen for pollination are red, while pure red is i 
from another species of flowers, can be cut very rare colour among insect-fcrtilim 
down. Accordingly, many flowers develop flowers. We know from experiment tha 

in peculiar ways so that their honey is only bees are incapable ofseeing red, while the eye 

available to insects of a particular size or of birds are blind to blues, but arc sliinul.uec 
bodily construction. The long-tubed Mada- by red ; so that the flower-colours are w 
gascar flower with its long-trunked moth that we should expect. In addition, birds liav| 
we have just mentioned is a good case of a notoriously poor sense of smell ; ana i 
such specialized partnership ; so is the red bird-pollinated flowers are practically 
clover which dies out without bumj^le- scentless. The insect-visited flowei, j 

bees. So is the lovely Yucca or Spanish does not always advertise itself by sweet sec 

Bayonet with its associated moth Pronuba. or attractive colouring, nor are its ^ 
The Yucca transported to Europe from its always ^nectar or pollen. Ihere ar 
American home flowers every year ; but number of flowers with rank smells or s 
all in vain— there is no Pronuba to visit the as of decay, which are inostly yisi 
flowers and they never set seed. fertilized by carrion-feeding 

Thus, for these two reasons it came about flowers are often dirty purple or 
that from the primitive open and sym- instead of having brilliant or pure < 
metrical type of flower, like that of Magnolia tion, like the buttercup, rose, or ^ ^ 

or buttercup, all kinds of more elaborate Most extraordinary of all, Mized b’ 

and specialized kinds came into existence species of orchid which gets ter i - 

during the late Cretaceous (IV G 3) and smelling like a female 
early Cenozoic (V A). All those with flowe?l^are visited by the 1 ^, 
petals joined together to make a single cup, flics (never by the females), wruc » * 
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„ „l,|i ih«n, and in so doing, trans- 
•; .L, p„ll< o of one flower to the su^a of 
^ 1- licv and his school maintained 
idaptation implied a conscious 
signer ;■ ('i''’ wonders what he would have 

Tif '!'irVnK<''*and beautiful adaptations 
‘ produr.al wc can onlf mention ; they 
Lcnbril in many books. Here we 
' I ,« ouThasize the fact that the adapta- 
1 were mutual, and that the whole 
Huiiou of flowering-plants and hi^er 
is a co-operative evolution. Ihe 
irticulai rcMc which the flower and its 
visitors now fill in nature’s economy 
into which they have crept jointly, 
tlinr had not happened to be small 
n^cd aiiiinals in the woods and fields of the 
rassic world, wc should have had no flowers 
irrccii cones or yellow catkins. If there 
id not happened, in that same epoch, to be 
nd-plants with open cup-shaped inflor- 
[tikcs, wc should have no honey or hum- 
nit; (»f bees, no butterflies, no moths, no 
iiiiiiiiiig birds or sun-birds. 


§ 7 

Thf Bailie of the Giants and the 
Dwarfs 

It is customary to speak of the reptiles 
iihi* doniinant laud-animals of the Sccond- 
■\ bra (IV). An insect, however, might 
('ll ascrilie this to mere prejudice. So far, 
ail has written all the histories of life and, 
’inti; a vertebrate, has awarded the palm 
r ih(.' Mesozoic (IV) to his near kin, the 
ptilrs, and for the Cenozoic (V) to his 
ill nearer relatives, the mammals. Our 
'^rri philosopher could point to the fact 
‘It there are now fifty times as many kinds 
insects as of mammals in existence, and 
‘It in Cretaceous times (IV C) they 
idoLiliiedly rivalled the reptiles both in 
itindance and in variety. 

And yet he would be wrong. It is not only 
vrrlchrate race-prejudicc that has made 
relegate the insects to second place, 
ck) exist evolutionary differences, 
id very important ones, between the two 
No insect has ever grown big ; 
higgrst insects weigh about as much 
1 ^ smallish mouse. And the evolution 
' ‘nsec Is, or at least their progressive 
■'duiion, came to an. end in the early 
<‘no7x)i(', when that of the mammals was 
‘ l^nll swing and that of man was not yet 
of. It has never been, and, so 
^"5 ^^c can imagine, it can never be 
burned. 

hh 


These two facts are in reality both con- 
nected ; and it turns out that the evolutionary 
struggle for domination of the land is essen- 
tially a battle between giants and dwarfs. 
In Book 6 we shall look into the matter of 
animal size a little more closely. Here we 
may anticipate what is perhaps our chief 
conclusion. 

The vertebrates, besides being the most 
active and vigorous of creatures, are the 
big animals par excellence. The smallest 
vertebrate weighs several hundred times as 
much as the smallest crustacean or worm 
or insect or coelenterale. All the largest 
animals in the world have been vertebrates ; 
their average size must be at least about ten 
times as great as that of any other phylum. * 
In the insects, on the other hand, there is 
a ban on size. In maximum bulk they 
arc far exceeded by every other main group 
of many-celled animals — from the humble 
sea-anemones and tape- worms to snails 
and lamp-shells, sea-urchins and crabs. 
The only exceptions are those other land- 
arthropods, the spiders and the myriapods, 
both of which have their size cut short 
at about the same maximum as the insects. 

llic explanation of this curious dwarfing 
is to be looked for, as the Danish physiologist 
Krogh has pointed out, in the land-arthro- 
pods’ breathing-machinery. As we saw in 
Book 2, insects do not use their blood to carry 
gases to and from their oxygen-hungry 
tissues ; they take them direct to their cells 
by means of branching air-tubes. I’his is 
an admirable method — so long as the animal 
is quite small. But the supply of oxygen 
to the tissues, and the removal of 
carbon dioxide from them, has to be worked 
by diffusion along the narrower branches 
of the air-tubes ; and diffusion is a slow 
creeping compared with the rush of blood 
along vertebrate blood-vessels. So, as an 
insect increases its size above a quite small 
limit, it has difficulty with its aeration ; 
and the self-same air-tube machinery of 
oxygen supply which alone makes the, activity 
of the bee or tiny ant or fly possible would 
give out completely if installed in a creature 
even of the modest weight of a pound. As 
it is, the bulkiest insects are on the whole 
sluggish types ; as we mentioned in Book 4 
they are nearing the frontier of biological 
possibility open to the air-tube method of 
making a land-animal. In a not dissimilar 
way, the existence of very large ships is 
only possible by the aid of some system of 
forced ventilation. 

The insects were thus condemned by 
their essential construction, by the primary 
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pattern of their ancestry, to a very small 
maximum size ; while the vertebrates, with 
their powerful muscles and skeleton, could 


and land-insects was thus a st 
the giants and the dwarfs oi i,f^. 
sight, moderately small size d 

be 




not 



IfKili 

outsi(]( 


Fig. 232. Brontosaurus^ one of the largest of the Dinosaurs. 

Jt was about sixty-Jive feet long and weighed nearly forty tons. It almost certainly lived in swamps, 
browsing on the aquatic vegetation. Its brain weighed about a pound. Inset : a spaniel to the same scale. 

go on,** provided the food-supply was rich 
enough, to the limits imposed by purely 
mechanical rciisons. 

The struggle between land-vertebrates 
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11>' as fast 
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driver ants, they cannot kill any hnt^e 
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smalNize is that it is hostile to iht' 
ment of individual intelligence. lo Book 


th 


the full conquest of the land 


] ("pctitcd occasion to see the 


^,,11 havt for all their marvellous 

id 


(.havioin o{ lu. adaptiveness, is 


" ^^chanicaf, instinctive, unin- 


, the ^ 

.Highlit Among 


insects there is little 
jjnl no education. The history 
however, from the reptiles 
hiocly a history of the improvement 
ntclli'-('n're and the power of learning 
exiHM-icnce. The difference seems 
l^iieK due to the difference in size. 
t'locAwork action, however elaborate, 

, quite limited number of nerve-cells 
nrrvi-palhs are needed. But the essence 
i Irariiiiig is that a great quantity of 
(•rniutatiims and combinations of nerve- 
,,hs should be available, so that from the 
i^-at range of possibilities, experience and 
ihil slunild be able to pick out the best 
1,^1 most suitable ; and for this a far 
iigci number of nerve-cells is required. 

[ ,s no coincidence that there are no 
lum.ils one can call even moderately 
Kclhgrnt under the size of a mouse, and 
(UK- of high intelligence below that of a 


Thus the small size imposed on insects 
\ their lireathing-rnachinery in its turn 
iMiirted the development of their intelli- 
enre. And once they had reached a 
rrt.iin mechanical ])crfection of structure 
11(1 instinct, they remained stationary, 
t active insects could have n'ached the 
A of rats, the vertebrates would have had 
hiiid lime ; if they could have reached 
ic si/.e of wolves, their rivals might never 
avc gained a foothold on land at all, or, 
veil ifihey had, their evolution would have 
trn stiflecl and they relegated to a subor- 
inate hole-and-corner existence, few and 

IKll] 

Ihc battle of the giants and the dwarfs 
as lought out through the Mesozoic (IV). 

' ^Nas decided, like most such evolutionary 
s'lili's, not by any actual fighting, but by 
inherent qualities of the competing 
locks, which enabled one or the other to 
tiMiiuate itself into a more favourable 
>'>sition. It is worth remembering that 


its closing phases took place in strangely 
modern surroundings. By the later Cre- 
taceous the majority of the second dispen- 
sation of land-plants were gone ; the third 
dispensation that we have still with us had 
taken their place. But against this modern 
background of palms and magnolias, maples 
and walnuts, with bees and butterflies in 
their branches. Duckbill Dinosaurs wandered, 
Ostrich Dinosaurs ran, fantastic horned 
reptiles laid their eggs, the great Tyranno- 
saurs leapt on their prey. A mediseval play 
with modern scenery. 

By the end of the Cretaceous (IV C) the 
issue between arthropod and vertebrate 
was decided. The dwarfs, the insects, were 
at the end of their evolutionary resources. 
The types they had brought out to fight with 
were the same, in all but details of uniform 
and equipment, then as now. But the 
giants were at that very time training up a 
wholly new kind of troops — the placental 
mammals — which by their progressive in- 
crease of brain were destined to change the 
whole higher strategy of Evolution. It 
is true that during the Cretaceous these 
new troops of the vertebrates were very 
small compared with the vast bulk of some 
of their reptilian cousins ; yet not only 
were they destined to increase their size 
further, but from the standpoint of general 
biology they were still giants ten thousand to 
a hundred thousand limes as big as their 
insect cornpetilors. 

We may amuse ourselves by .speculating 
on the beings which the insect stock might 
have produced but for its limitations of 
size. Six-legged creatures, clad in flexible 
mail or chitin, as big as dogs and cleverer 
than wc human beings ? They would have 
been strange, but perhaps no stranger to an 
impartial eye than men and women. But 
if there is one evolutionary event for which 
we may especially render our selfish human 
thanks, it is the development of a tracheal 
system of respiration in terrestrial arthropods ; 
but for that, wc vertebrate intelligences 
would in all probability never have 
existed. 
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! § • 

Modern Life 

T he Cenozoic or '1 ertiary Era (V) has 
often been called the Age of Mammals. 
This, though a good enough title in its way, 
is apt to blind us to the fact that the mam- 
mals are but one among its many character- 
istic life-forms. The Age of Fur, Feather 
and Flower would be a better phrase, for it 
reminds us that the place of the dominant 
reptiles was taken by birds as well as mam- 
mals, and that the earth changed its old 
plant-dress for one more varied and more 
lovely. But even this is not broad enough. 
If we wished to do justice all round, we should 
have to include snakes and lizards, frogs 
and toads, higher insects, crabs and teleost 
fish in our list of new dominant animal- 
groups, and make special mention of herba- 
ceous plants and grasses among the flowering 
plants. But this list becomes unmanage- 
able and so we had better call the Age 
briefly, but comprehensively, the Age of 
Modern Life. 

First of all we must remember that, in 
spite of all the destruction of reptilian 
groups which took place at the end of the 
Mesozoic, the reptiles as a whole were far 
from defeated. Most of the readers of this 
book will be inhabitants of temperate 
countries. It will come as a surprise to 
them to learn that there are over five 
thousand species of reptiles alive to-day — 
nearly half as many as those of mammals. 
The scaled reptiles, lizards and snakes, were 
as relieved by the extinction of the Dinosaurs 
and Pterodactyls and the rest as were the 
early mammals. With their formidable 
competitors removed, they too throve, 
multiplied, and radiated into a thousand 
forms. There are running-lizards (some 
even running upright, as some of the Dino- 
saurs did, on two legs only), climbing- 
lizards, geckos with adhesive pads on their 
feet, burrowing lizards, chameleons with 
4 enormous tongues shot out to capture prey, 
the venomous gila monster, legless-lizards, 
desert-lizards prickly all over, and lizards 
that parachute from tree to tree. There 
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exist plenty ol lizards heavier than a m 
but even the Komodo “ Dragon,- a firicen’ 
loot species of Varanus, is a mere dwarf 
compared to its Australian relative cxiin 
guished in the Pleistocene (V E), which 
apparently attained fifty feet. 

There is almost the same variety anion? 
snakes. Some are completely marine 
swimming like fish with the aid of a vertically 
expanded tail-fin, and even breedinj^ at 
sea ; and other water-snakes live in fresh- 
waters. There are two groups of poisonous 
snakes : there are the boas and pythons that 
crush their prey to death, snakes that only 
eat eggs, snakes that burrow, snakes that 
climb trees. And again among them we 
find huge creatures, like the pythons and 
anacondas, which grow to thirty feet and 
more. 


But this great variety and great size can 
only be attained in the tropics. The lowci 
the temperature, the lower sinks reptilian 
activity, so that as we pass polewards from the 
equator, reptiles become less and less serious 
as competitors of warm-blooded creatures. 
It is in temperate zones that the Cenozoic 
(V) is truly the age of mammals and birds : 
in warmer regions, not only have they dll 
the lizards and snakes to compete with, 
but tortoises, turtles and terrapins, and the 
great crocodiles and alligators and gavials 
to boot. 

The reptiles of the present are often 
stigmatized in biological and semi-biological 
writings as the degenerate, lingering sur- 
vivors of a stock that has had its day. 
But it is worth emphasizing that some of 
them are very definitely up and coniine; 
The crocodiles, the tortoises and turtles, 
and the family which includes the strange 
Tuatera, are three very ancient groups , 
they are all found in the Trias (IV A), 
and the second perhaps even in tlje Perrnian 
(III F), and they witnessed the groat day's 
of reptilian ascendancy. But the first 
lizard comes late in the Jurassic (D H 3 | 
and the first snake is from the late Cro 
taceous (IV C 3). The radiation ol 
creatiira has been a Cenozoic radiation 
contemporary with that of the maminas 
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humble footing arc the frogs 


but 


they comprise at least a 
and their main rise also 


nd ^ . 

taken place in early Cenozoic 
\ iiid B). The earliest fossil frogs 
% lll -nrd are from the Eocene (V A), 
c noi forget that m this radiation these 
Uimv" creatures, tailless and with 
”rm<ms liind-legs, have reached the size 
f a trnicr become wholly aquatic, taken 
harrowing, colonized the tree-tops and 
cn the deserts, and that they are still among 
most successful exploiters of moist 
Uffs and small ponds in all save the coldest 


Of the rise of the higher insects we have 
iready spoken. Here wc may perhaps 
call the facts that more species of insects 
known than of all the other groups of 
iiimals put together. The insects wc have 
Iways with us. 'I’licy are an unpleasantly 
orninant group ; and, as we have seen, it 
only the providential fact that they have 
fTii unable to grow big that has stopped 
lern from rising from being a serious nuisance 
) complete dominance. 

Of the iTioclern plant, too, there is a word 
) be said. We have seen how the variety 
11(1 complication of insect-pollinated flowers 
rut on increasing in early Cenozoic times.^ 
Lnotlier important change was the rise of 
rrhs. There seems every reason to believe 
lat most of the early flowering plants were 
iihcr regular trees or woody shrubs. The 
resent abundant supply of herbaceous 
bints came later. This it is probable had 
inielhing to do with the progressive 
uiipening of the climate. For one thing 
tueh land previously covered by forest 
ecaine vacant. For another, in cold and 
» dry places, where trees, if they could 
nm at all, would have to relapse into 
iniescence for long seasons of the year, 
he hei'b has great advantages. At the first 
'ic.uh of warmth and moisture, it can shoot 
‘ipidly up from seed or from a sheltered 
ubtc'rranoan root-stock, take advantage 
f the Ijrief flowering time, get rid of its 
ibovc-ground chlorophyll-machinery and 
^ advertisements to insects, and pass into 
spug resting stage once more. Small 
jrofiLs, quick returns ; in some regions 
ht slower-growing vegetable organizations 
call trees cannot compete with these 
taller businesses that go in for quick 
arnover. 

Among the most specialized herbs are 
grasses and cercak. Of their rise, in 
^^potis( to the spread of great dry plains, 
''c havr spoken already. 


The study of fossil plants enables us to 
trace the gradual change of climate. During 
some of the Cretaceous (IV C), Greenland 
grew magnolias and monkey-puzzles, cypress 
and sassafras, poplars and figs, In the suc- 
ceeding Eocene (V A) , it was still supporting 
some of these, but maples and pines and 
other trees indicate a slightly colder climate 
— a climate also confirmed by the fossils 
of Spitsbergen in the same period. Europe 
in the Flocene, however, was still tropical. 
On the site of London, in the estuaries where 
the London clay was being deposited, the 
Nipa palm then flourished, as it flourishes 
to-day in the estuaries and lagoons of the 
tropics of Asia. 

The Oligocene (V B) was colder, but 
cinnamon and camphor still grew in France, 
and palmettos in the Isle of Wight. Miocene 
(V G) and Pliocene (V D) tell the same tale 
of increasing coolness. The world-wide 
semi-tropical flora of the Cretaceous was 
driven out of our northern hemisphere 
southwards until it survives to-day only 
in the warmest parts of earth ; and new 
types, adapted to a harsher contrast of 
seasons, took their place. These, too, were 
driven southwards by the increasing cold, 
and replaced by cool temperate and sub- 
arctic forms. And so the process went on 
until it culminated in the Ice Age. 

§ 2 

The Troubled Earth of Cenozoic 

Times 

The mountain uplift that brought the 
Mesozoic (IV) to an end was the herald 
of a long series of geological convulsions. 
This epoch of disturbance (IV to V) left 
the lands high and the climate sharp, 
with local glaciers here and there. But the 
mountains were slowly worn down, the 
lands sank, and the climate gradually 
became milder and more oceanic. The tale 
of life expands again. All the later Eocene 
(V A 3) and the Oligocene (V B) seem to 
have been a resting time of warm, moist 
and equable climate. But in the Miocene 
(V C) came another upheaval of the lands, 
another outburst of mountain-building. 
Many regions grew arid and dry, the 
climate cooler, and there were phases of 
extreme volcanic activity. The Pliocene 
(V D), after opening with a brief subsidence 
of the lands, resumed what the Miocene had ^ 
begun, until at its close the ice had already 
started to invade the lowlands of the north, 
and one of the two greatest ice ages in the 
world’s history was creeping upon the world. 
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These earth movements diverted the course 
of Evolution by their effect on climate ; 
they also affected it by continually opening 
and closing the gateways of migration 
between the continents. Near the close of 
the Cretaceous (IV C), all the great land- 
masses were, either simultaneously or in 
quick succession, in communication with 
one another. Then first Australia was 
shut off, and soon afterwards South America ; 
while the land-bridge between North 
America and the old world was not broken 
till half-way through the Eocene (V A 2). 

The gateway between Asia and North 
America and that between Africa and Asia 
continued this slow opening and shutting 
during the rest of the Cenozoic Era. The 
gap to South America was bridged again 
somewhere in the Miocene (V C), but 
Africa eventually was almost shut off from 
the north by the development of the great 
desert barrier of the Sahara ; while through 
the whole of the Pleistocene (V E) the 
northern icc-sheet was a more effective bar to 
migration than any sea. On the other 
hand, there was no ice over Alaska and 
Kamchatka ; so while the bridge from 
Europe to eastern America was barred, 
that from Americ'a into Asia, though chilly, 
was left open. 

During the great bulk of geological time, 
the earth has been wrapped in the veils 
of a warm and mild climate, much more 
equable from equator to pole than the 
climate of to-day. I'he lands have usually 
been low, the fringes and even the centres 
of the continents often covered with shallow 
seas. When high mountains have been 
formed, they have been worn down to low 
ranges or plateaux long before another 
breastwork of mountains was built up 
in their place. Uniformity of climate and 
flatness of scenery are the rule ; diversity 
is the exception, widespread earth-activity 
comes but seldom, and ice ages are among 
the rarest of incidents. 

In all these ways the Cenozoic Era (V) 
has been exceptional. It has sufl'ered a 
succession of the crustal throes that gave 
birth to mountains, with the result that the 
scenery of the earth to-day is probably far 
grander than it has been in most periods of 
its history. The Cenozoic had a cold spell 
at its beginning, another far more severe 
at its close ; its latter half was a time of 
high plateaux, widespread activity, sharply- 
zoned climate. The million years or so 
of the Ice Age was one of the most excep- 
tionally severe periods in the world’s history, 
and let us not forget that these times in 


Ice Age, are far cooler and stormier 
have far bigger deserts and ico-r tps h 
average earth period. Man tins’ UvV^^* 
far in an exceptionally exacting ngo 


§ 3 

The Origin and Prosperity of the 
Mammals 


The early stages of mammalinn develon 
merit, which must, we infer, have gone L 
from the late Permian (III F q) or 
Triassic (IV A i) to the Cretaceous (IV C 
are not so poorly documented by fossils as 
the evolution of the birds, but they arrln 
no means fully recorded. Throughout thr 
Mesozoic, traces of mammals are the most 
precious and welcome of finds. 

In both cases we seem to have a sehemc 
of life for which the rich, easy, equahlr 
environment of the Mesozoic Era (IN' j hj^i 
little use. 'Fhe early mammals were small, 
hardy, obscure creatures, whose peculiai 
qualities only became decisive advani,u{(> 
as conditions grew rigorous towaids the 
close of the Cretaceous Period (IV C 
We have already rioted the 'Fheromorphs, that 
series of reptiles in the Trias (IV A) with 
many anatomical features otherwise chaiai 
leristic of mammals. To this group tin 
ancestral mammals seem to have belongd 
Some jaws and teeth from the early 'liia' 
(IV A I ) are on the borderline of mamma 
and reptile ; they might be classihed will 
a note of interrogation on either side of tlia 
line. But some from the late 1 rias (IV A 3 
are definitely mammalian. 

Small infrccjuent jaw-bones consiitiii* 
most of the mammalian traces in the Jurassic 


Some of these jaws are more simple than ihosi 
of any surviving mammal. Some ha\i 
features that foreshadow the marsupial'' 
(page 109), but it is too bold for us to assunn 
from that that these creatures had aln’ad' 
mitigated or .superseded egg-laying by 
ing their young in pouches. A third linf 
though now extinct, survived to witness tn 
end of the great reptiles and well on into th 
Eocene (V A). These were the Multi 
tubcrculata, so named because of the rov\ 
or ridges of tubercles on their strung 
grinding teeth. Like all Mesozoic inaininal 
these were generally small beasts, biii in i’ 
Eocene, before their final extinction, the 
produced some good-sized genera. 

These Mesozoic mammals were the pr( > < 
largei^^eptilcs, a series of lurking, nonte 
races. Particularly difficult was it^lm tnci 
to nest and preserve their eggs. 


It is 
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to see that for innumerable species, the 
Jurassic Era was one glorious egg-hunt. 
For the mammals it was a desperate struggle 
to save their eggs and helpless young. 
This they were able to do, first by the 
retention of the egg in the body so that 
they became viviparous, and secondly by 
continuing a protective association with their 
young after birth. T’hc equally hard-driven 
birds developed the second disposition but 
not the first. As we know, two genera of 
egg-laying mammals still survive in the 
world and their rare ancestors struggled 
through the Mesozoic and Cenozoic, leaving 
few fossil traces ; but the other mammalian 
lines completed the development of the 
ovum in the body and cither had an early 
birth of immature young which were then 
taken into a pouch, or kept them longer 
and longer in the uterus and developed the 
placenta so that at last they would be born 
ready to run and eat and live. The former 
method was the easier to evolve and there 
are grounds for supposing that the marsupials 
got the start and for a time were the preva- 
lent pattern. I'hen the more elaborate 
but more efficient method of the placental 
mammals enabled them to recover ground, 
and draw ahead. 

So incomplete is the Mesozoic record of 
mammals that, at the date of writing, the 
whole of the Lower Cretaceous Period 
(IV C i) has to be reported blank. Experts 
prophesy that if presently we come upon 
land-deposits of that period with mammalian 
remains we shall find they are marsupials. 
When at last we begin to find a supply of 
fossils again in the late Cretaceous (IV C 2 
and 3), marsupials almost identical with 
modern opossums occur. The placentals 
had meanwhile become distinctive and 
varied. While the marsupials were domin- 
ant, however, they succeeded in getting 
into the Australian region, unaccompanied 
by any placentals, some time in the Cre- 
taceous, before it was severed from the rest 
of the world by the sea ; and there, as 
already 'narrated in Book 3, they blossomed 
out into the wonderful variety of types, 
from kangaroo to marsupial mole, from 
flying phalanger to Tasmanian devil, which 
are found there to-day (Fig. 143). They 
also early penetrated in force to South 
America, and there, in its partial isolation, 
managed to evolve into a number of types. 
But later almost all of these perished, 
after South America was thrown open to 
the tide of animal immigration from the 
north. In the rest of the world they never 
accomplished much. As Dr. W. D. Matthew 


vTiiica . me I^wer For. ne tl. 
supials were already a defeat, !! snonn 
took to the trees and th, 
the only survivors which i,,.u 
own against full placental conm,.,iii “ 

_ Early placentals seem to haw- 
m some northern land, ’fi,. An ° 
Museum expedition to Moiigolin f.mnr’hk^'' 
in mid-Cretaceous rocks (IV C . , ,1^ 
of a number of small creaUin s m,i \"nii'r 
a cross between a shrew and a vn v priniitK 
weasel, with long skulls and tinv hraij 
They were found in what was tlieu a sand 
dune area, together with the nests anti 
of Dinosaurs, probably attracted front near 
by woodlands by the eggs of the Irig n nni„ 
or the small fry of insects and tnites that 
would haunt these nurseries. I hey dtniht- 
less stole eggs, but left no cg.gs ahout to lir 
Stolen.' 


By the earliest Cenozoic times, Basal 
Eocene (V A o), the placentals arc thf 
dominant group of land-animals in all thp 
main continental masses and have alr(‘ad\ 
differentiated into several stocks. The 
Dinosaurs had all disappeared, at any rair 
from the great land-areas of the northern 
hemisphere. The placentaknow show rvei ) 
sign of successful adaptation to the changed 
world. They radiate. They do as did the 
reptiles vast ages before them in the Trias - 
they branch out into a number of lines, 
many of which, especially among the earlier 
more experimental ones, presently hreome 
extinct. Through the Eocene (V A) and 
Oligoccne (V B) a succession of new stocks 
are budded out, like whorls of brancdies 
successively budded by a growing tiee; 
and the main extinction of the imsuitahle 
branches takes place a little later, from 
Middle Eocene (V A 2) to Miocene (VC- . 

There were two main bursts ol placrnial 
evolution, if we may use the phrase ol such a 
slow process. The first must have begun 
in the Cretaceous (IV C) ; it rulminated 
in the Basal Eocene (V A o). Among tk 
primitive ungulate types of this lirst radi- 
ation, some, called Condylarth^ are small 
and extremely like some of the flesh-eaters 
of the same period, save that their teeti 
reveal inclinations to a mainly herbivorous 
diet. These creatures were still dawc 
Others, the Amblypods and their relatives, 
were larger, had developed hoofs, and were 
the most abundant creatures of the tuu^- 

* Recent geological discovery has 
extended the scries of Eocene rocks bac k in » 
past. To avoid confusion, these ddest rotk-iu 
period alh?^ called Basal Eocenet followed by ’ 
Middle, and Upper in the ordinary way. ' 
here designate Basal Eocene V A p. 
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. U, simulate groups the imcctivorcs 
In '** , K iDoeared in forms not very 

-n-^ «»iY «'•!>: 

filters, 


(^reodonts, had not advanced 


the 


omnivorous type, snappers- 


'®"'f mro.isicirred trifles, from which they 
mwakues as well as Wern insect- 
I Ki! sffii' descended. Ground-sloths 

has been called 

J'.'Xc mammals; ’’.and it is they 
ft lilossorn out to dominate the later 
ne (V A 3)- The little Condylarths ran 
and more swiftly and browsed more 
^^^^1 nK)rc cliicicntly. The Amblypods be- 
Inigr and clumsy, finally producing 
[‘orvpliodon, as big as a great ox, and tusked 
ind ft)iir-horned creatures like Eobasileus, 
as a small elephant, with pillar-like 
le^s to support its bulk. The flesh-eaters 
M’fanic more specialized to cope with the 
rrcater development of defensive weapons 
,r the greater fleetness or bulk of their 
prf). Just as wolf type and wolver- 
ne type, in the shape of marsupial wolf 
ind Tasmanian devil, were evoked in 
\ustralia among the marsupials, so among the 
>odonts wc find an adaptive radiation 
kshich produced creatures more or less 
resfinhling hunting dogs, and wolves, and 
livnias and martens, and primitive heavily 
built cats, and bears, precursors though 
not actually progenitors of the parallel 
modern types. 

Meanwhile a second radiation was going 
)n in some unknown region. In the Lower 
Eocene (V A i) we meet for the first time 
Aitli the main groups of modern mammals — 
he ^fnawing rodents, the modern ungulates, 
edentates foreshadowing the armadilloes 
ind their relatives, and true primates of 
tlu’ lemur group. These appear suddenly 
in Europe and North America. They do 
not seem to have originated there, and we 
do not know where they originated. They 
must have originated in some other region 
during the Basal Eocene (V A o) and then 
out ir^a wave of migration, 
the “ archaic fauna,” brought into compe- 
ijtion with this new series of forms, was for 
part found wanting. Condylarths 
^ ^ <^ot by the end of the Eocene (V A 3) ; 

the Amblypods. Their final changes 
lore extinction were towards still greater 
and more fantastic development of 
oms and tusks, but their teeth and their 
rams \^(«rc scarcely altered at all. They 
pre cel I -communities which increased their 
Population and their armies, but neglected 
industrial machinery and their form 


of government, and their fate is a useful 
moral lesson for fhe contemporary states- 
man. 

A similar increase of brain relative to 
brawn is seen in almost every case when we 
compare members of the archaic placental 
fauna with creatures of corresponding size 
and habits which were evolved in the later 
radiation. There was little difference in the 
bodily machinery of the two dispensations ; 
the improvement lay in the improved way 
in which that machinery could be used. 

The successors of the Amblypods and 
Condylarths, the modern ungulates, fall 
into two main groups, odd-toed and even- 
toed. The odd- toed began their main 
evolution first. In Book 3 we have already 
traced the evolution of their most successful 
branch — the horses. It was, as we have 
seen, a slow and steady perfectioning of their 
machinery for feeding and for speed. 
The tapirs and the rhinoceroses are the only 
other surviving branches of the odd-toed 
trials, and both arc dwindling groups. 
But once there were hornless running 
rhinoceroses about as speedy as the half- 
evolved horses of their day, and another 
side branch gave rise to Baluchitherium and 
its allies. These, the heaviest purely terres- 
trial animals which ever existed, were also 
hornless, had huge necks and legs, and 
apparently browsed on the upper branches 
of trees, combining the bulkiness of elephants 
with the shape and habits of a more massive 
giraffe. The largest of them all comes from 
Mongolia, with skull over five feet long, 
fourteen-foot fore-legs, and a twelve-foot 
neck above ; it must have weighed nearer 
twenty than ten tons. Wc may surmise that 
the huge Mongolian Creodont, Andrew- 
sarchus, with skull a yard long, was evolved 
to prey upon it. 

One odd-toed stock that has long died 
out we have already mentioned — the Titan- 
otheres. This, too, put its trust in size and 
formidable horns, and has found that these 
alone do not pay in the long run. Finally, 
there arc the Chalicotheres, a branch that 
lasted on to the Ice Age (V E). These are 
the creatures which disproved the rule laid 
down by Cuvier, the great French zoologist, 
that grinding teeth were always associated 
with hoofs, and flesh-eating teeth with claws. 
For they had horse-like skulls and teeth 
but also long claws, three to each foot, and 
retractile rather like those of cats. Probably 
they were steppe-dwellers, and used their 
claws to scratch up succulent roots. 

The even-toed ungulates were later in 
starting their main evolution ; but, once 
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they had got under way, they ousted most 
of the odd-toed forms and rose to be the 
dominant plant-eaters of the modern world. 
A few side-lines early died out, some of them 
combining characters of pigs and ruminants, 
while others, like the Entelodonts, were pig- 
like creatures of giant size. 

The two surviving groups are the pig-like 
forms, with pigs and wart-hogs, peccaries 
and hippopotamuses ; and the ruminants. 
From this latter stock the camels and llamas 



Fig, 234. The biggest land-mammal, 

A Baluchithere whose skeleton was found by the American Museum 
Expedition to Mongolia in strata of Olif>o(ene Age {V B). It must 
have been able to browse on leaves more than twenty-Jwe feet ojj the 
ground. 


branched off early. The remainder were 
among the latest of mammals to become 
specialized, since the cattle, the antelopes 
and sheep, the giraffe and the modern deer 
arose only in Miocene (V C) times. All 
these can be traced back to an ancestral 
stock of hornless, deer-like animals. The 
rodents, with their little, simple brains but 
wonderfully specialized gnawing teeth, were 
another group which met with constantly 
increasing success : not a single rodent 
family has become extinct since their appear- 
ance in the Eocene, and they arc among 
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the most abundant and widc-irf r 
mammals. ^ ^ ^•'ing 

The hosts of plant-eaters \vrie 
raw material for the carnivom .s 
and these were not behindhand in T ’ 
evolution. All but one (d 
Creodont families died out • i)ui 
called the Miacids, lived on and siiive 
to all other modern flesh-eaiinir niannn? 
It is no coincidence that this fainily of 
Creodonts was the biggest-br.uned Wh 
its relatives gained by ])iun. si/r 1 
, strength it achieved by skill 'uid 
cunning; and it had its reward 
The others were too clumsy oj too 
stupid to compete with it. Neiirtb 
end of the Eocene this single faniiK 
repeated the adaptive radiation „! 
the original Creodont stock. It 
rise to the bears and the r.uoions 
the dogs and wolves, the weasels .hk 
martens and otters, the civets anc 
mongooses, the seals and waltihcs 
the hyenas, and the cats, gieai am 
small. Only one of its descendaii 
families has died out— the sabre 
tooths, whose rise and fall v\e hav 
discussed in Book 4. 

The bats had taken the aii iis eai! 
as the end of Basal Eoiame, aiul a 
the same time some littl(‘ cn'atuu 
called Plesiadapis marked a halbua 
stage between an inseclivorc' of ti^< 
shrew type and primate-lik(‘ lemur 
But the history of these iniisi b 
deferred until we discuss the lasrii 
ating riddle that surrounds tlu .11 
ceslry of man. 

The known history of whales an 
dolphins begins in the Middle hotriit 
with the creatures known as /eui'l^ 
donts. Like the early Ichthyosaui 
though they had wholly abandon** 
the land, they were not nearK | 
fish-like in shape nor so beau til nil 
adapted to aquatic life as their lat* 
descendants. They were all aeim 
carnivorous ; the whale-bone whales did n* 
develop until the Oligocene (V B;. 
earliest whales were found in Alnca. 
the same region originated the sevKov^ 
the elephants, and the extraordinary hnrn* 
creature, Arsinoitherium, the only knov 
representative of what must have jrin 
separate African group of herbivoi(‘s. 

Of the history of those k)ni4nsoa^ 

regions, Australia and South 
. 1 n Here ' 


havcf^^^lready spoken in Book 3- ^ 

must add that recent exploration h.^ ] 
abundant remains in the Basai n 
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f M(i eolia of a little creature closely 
' m‘uiV strange extinct herbivores 
•I’'™ , h.iracterized South America, 

’■"T,-noilKirs and Toxodonts and their 
r 1 ' It would seem that this 
” * in Cretaceous times (IV C), 

. '^tinguished in the regions of 
'Victiv. nmipetition, but, slipping into 
ih \inci K a with otherprimitive creatures, 
L^ihraiuTsiral edentates, before theisthmus 
sulmingccl, it found its chance, throve, 
ami radiated. 


§4 

Thr Tangled Skein of Evolution 

11, (. story of Evolution is so often told as 
MiMp](' })iogressive unfolding, as a triumph- 
„ match Irom the early creeping life-stuff 
rijui’h fish and thcromorph to man, that 
( Ix'Wildering complexity of the actual facts 
in ^iwvv danger of being forgotten. For 
uiliiiioii is not by any means a plain un- 
Idint’. While our ancestors were improving 
cii h.inds and eyes and brains a host of other 
■apons were being tried and sharpened, 
oirswci’c developing their catapult thighs, 
ids thnr wings, rodents their chisel teeth, 
(1 -(hikes their tortuous life-stories. Evolu- 
iii IS the sum of a swarm of processes, now 
di'peiident, now mutually interfering. 
!it' plot of the drama is not a single thread 
ji .1 tangled skein of hundreds of threads 
whuli our own is only one. 

Li'i us look back at the mammals’ cvolu- 
)ti with this idea in mind. We first 
M'niangle it into a series of lines of special- 
iiorse, elephant, tiger, whale and 
' H^t each line steadily becoming better 
“ipl'xl to some particular mode of life, 
tkey do not die out first, each specialized 
n‘ (in.illy reaches a limit, like that of the 
' iKHTru* horse, and changes no further save 
in ininute adaptations of detail, 
hut these specializations arc not independ- 
Croups evolve by what we have 
^•>lkcl adaptive radiation, bursting forth 
"’^'1 number of specialized linens, which, 
h cover between them 

J j ‘ ways of life possible to the type. 
'> Me long history of a large group like the 
^‘iinmals, however, there are not one but 
bursts of spreading evolution, 
^cry more or less isolated area, like Australia 
r ^tnerica, has had its separate 

.^^^tioiis producing types in its own way. 

^ ^ ^ ^^^'C^ssion of radiations in 
linn-’ starting from a different evolu- 
,h There was a radiation of 

irst-f'volved mammals far back in the 


Mesozoic, succeeded probably by an early 
Cretaceous (IV G i ) radiation of early marsu- 
pials. Then came the first radiation of 
the placentals in the late Cretaceous (IV G 3), 
giving us the “ archaic mammals,” and 
finally the radiation of more modernized 
mammals in the late Eocene (V A 3). 
Each of these started from a higher level 
than the one before : egg-laying~early 
birth into a pouch — late birth of placenta- 
nourished young — those were the first three 
steps. The fourth concerned brain, the 
second burst of 
placental radi- 
ation starting 
from animals 
with g r e a t c r 
brain-size than 
the first. The 
products of the 
various radia- 
tions commingle 
and compete. 

Most of the 
earlier types die 
out, but some 
survive, and 
even progress. 

0 u r rn a i 11 
groups of 
modern beasts 
are not all pro- 
ducts of the 
latest radiation ; 
the insect-eaters 
and the car- 
nivores, for in- 
stance, had their 
roots in the 
“ archaic mam- 
mals.” 

Then within 
the limits of a 
main radiating 
group each 
minor group 
itself shows radi- 
ation — the un- 
gulates, for example, and the carnivores ; 
and within the ungulates the earlier radiation 
of the odd-toed was followed by the later 
and more successful radiation of the even- 
toed. 

Apart from radiation, though akin to it, 
is a process we have not yet discussed, to be 
found within each single advancing line. 
Within the horse stock we distinguish between 
the central evolutionary trunk and the 
side branches which came to a dead end. 
But the central stock itself is not really a 
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Fig. 1235. Evolution of 
vertebrate reproduction. 

7 he embryonic membranes in a 
bit ft {above) and a placental 
mammal [below). The embryo 
ts enclosed in the protective amnion 
[AM.N'). It IS attached to the 
yolk-sac [TS), which in the bird 
contains yolk, but in the mammal 
IS vestigial. From it springs the 
allantois [ALL). In birds this 
is plastered against the inside of 
the shell and acts as a breathing- 
organ. In mammals [cf. Fig. 
65 ) it is nutritive and grows 
tufts of blood-vessels which fit 
into the wall of the uterus of 
the mother. (^4.9) Air-space. 

(14^) White [albumen). 
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single smooth trunk ; it is, if we pursue 
our metaphor, a trunk thickly beset with 
side-twigs. Horse evolution, it will be re- 
called, was an affair mainly of the improve- 
ment of grinding teeth and of running limbs. 
Whenever numerous species of horses have 
been unearthed at one period of evolution, 
there will be found some which have gone 
farther than the average in respect of their 
teeth, but less far with the improvement of 
their legs, and vice versa for others. More 
haste, less speed. These creatures, a little 
over-specialized in one feature, a little 
under-specialized in another, could not in 
the long run com- 
— : pete with the 
more all-round 
improvement of 
the central types, 
and so the central 
trunk grows on, 
surrounded by the 
thick fringe of 
short-lived twigs. 

This seems to he 
a general rule ; 
during the main 
evolution of any 
stock, for each 
type that lives on 
to be ancestral to 
the next evolu- 
tionary phase, 
there are a dozen 
thrown off to live 
a few tens of 
thousands of years 
and die without 
descendants. A 
great deal of 
parallel and in- 
dependent special- 
ization is going on 
as regards separ- 
a t c characters ; 
but only those with certain combinations 
of improvements survive. This we shall 
find well illustrated in the early evolution 
of man from ape. 

But in the evolution of one group the com- 
petition of other groups may also have a great 
deal to say. All the radiation achieved by 
mammals in Mesozoic times (IV) was limited 
and feeble, owing to the presence of the 
powerful reptiles, like so many vested inter- 
ests, already occupying all the main positions 
open to life, crowding out the less sp>ecialized 
newcomers. Here it is that the pressure of 
environment on life, a pressure quite external 
and fortuitous, makes itself felt. The great 
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236. The compli- 
cations of chewing the 
cud ; a calf^s stomach. 

The food comes down the gullet 
{G) into the paunch {P). and 
thence into the small reticulum 
(P), whose secretion partially 
softens it. After ihi^ it is passed 
up the gullet as the cud to be 
re-chewed ; and descends again ^ 
now .semi-fluid, by a special 
groove in the gullet into the 
manyplies (M). After further 
digestion it is passed into the 
rennet storriach {RS) and thence 
along the intestine in the usual 
way. 


climatic ^olution that kill. rl . 
ant reptiles opened the door ol onl- i' 


to the mammals 
them to withstand the cold, i| 


their wain, 


n^ and insignificance waTiiow'aT'^ 


climate cut down the world's vegetable 


supply. 

Climate may have more diirct elTcri. -n. 
increasing dryness of the later C, " 
led to the shrinking of the foiests, the e?' 
Sion of grassy plains. This eneo„,a 
evolution of grazing, as opposed i„ 
forms, and put a premium uixin swift ru 
ning, both in pursuer and pursue d h 1 
also without doubt a decisive factor in i 
evolution of the ruminants, ddicst: not o,,! 
include many grazers and rapid runners l,i 
all have developed the complicated stomac 
which enables them to bolt their food hastily 
and then grind it later, when they ha\ 
retreated to some safer spot, by liriiiiring 
up and “chewing the cud.“ It is n 
coincidence that their rapid rise took ])lar( s 
late in Tertiary times : not until the diy upp 
plains had grown and spread was therr 
premium on this strange digestive anaiitri 
ment. And this same change of cliin<iii 
as we shall see, in all probability decided \\ 
destiny of ancestral man. 

7 'he opening and closing of couiinents 1 
migration brings in another element 1 
chance. If the door into Australia had n< 
been closed Just when it was, the world woiil 
never have known the capal)ilitie.s of il 
marsupial type : the pouched mamiiui 
would have remained as undeveloped ar 
feeble as the egg-laying mammals. N( 
would we have had the fantastic armadillo 
and ant-eaters and sloths wdthout the lot 
isolation of South America. For compeiidc 
plays a vital part in the evolution of elliciei 
and varied stocks. It is in the great norlhei 
land-masses that the highest types of man 
mals developed : and this is through i 
reasons of climate, but because over the 
great extent the products of evolution 
North America, of Europe, of North Asi 
of India, and in later times of Africa, have i 
been commingled and forced into far mo 
intense competition than prevailed in mo 
secluded regions. 

But finally climate comes in again to e 
tinguish many of the strange and cxcitij 
creatures which the same blind agency, 
removing their competitors, earlier start( 
on their evolutionary career. C’hangc 
climate may cause extinction direr ily, 
did Wth so many of the larger lu rbivnr 
during the Ice Age, or indirectly, as wc ha' 
already seen in Book 4, Chap. 9, § 
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, which died out because 

Kjiu j ofl' the lumbering creatures 
! of which they were so nicely 

oi' Evolution has many threads, 
j the inextricably entangled 


§ 5 

/i Vine Progress in Evolution? 

looked at thus, Evolution would seem to 
.a cliaotic affair, its changes dictated by one 
cadent after another, each one the outcome 
f the ehance advantage of the geological 
lornent. And yet its movement as a whole 
ofs not seem to be haphazard. The whole 
fihe history we have told in this Book is a 
■itness to the fact that evolution is pro- 
ressive. Life experiments and discovers ; 
;ature selects ; everlastingly the old is sur- 
assed by the new and fitter. It is time, now 
lat wc have traced the main phases in our 
isioriral drama, to examine this idea of 
,oluiionaiy progress a little more closely, 

I sfc in what precisely it consists and how 
is bn)U,i,dit about. 

Nprdalizalion and progress in Evolution 
c boih adaptive ; they arc both responses of 
olving life to the pressure of competition, 
If siriiggde for existence, the need for more 
tiiuciit living. Specialization is an improve- 
irni in life’s machinery for a particular way 
diving. Progress in Evolution is an im- 
ovt'riicnt in machinery for living in general. 
Ilf latter is an all-round, the former a onc- 
[sidrd advance. We see the difference dia- 
F'^aanatically illustrated by the reptiles and 
tlif niainmals. All the great lines of reptil- 
ian descent are specialized to particular 
niodcs of life ; but the one line in which 
evolved warm blood and milk and 
iiiional development of young achieved an 
al -round improvement in the art of living, 
hir old type became subordinate, the new 
WT|inie dominant ; and then the new could 
ib every kind of spccializa- 

this case we have judged that the 
^amnial was more advanced because it 
siiccrcded in dominating its rival type in the 
t^ourse of evolution. But is this crude 
'^^terion the only one possible ? Does it not 
|t>nietimes happen that something really 
mor gets the upper hand ? In other 
is there any objective mark of pro- 
anything which enables us to say that 
t is higher than another? We 

idea in our mind that this is so, 
We all freely apply the words higher and 


lower to animals and plants. It would be 
difficult to find anyone who did not believe, 
even if he had not attempted to think the 
matter out, that a man was somehow higher 
than a wolf, a wolf than a salamander, a 
salarfiander than a jelly-fish, a jelly-fish 
than an amoeba, an amoeba than a 
bacterium. 

But is there any objective justification for 
this belief? Some critically minded people 
would have it that there is none, that to call 
an animal higher or lower is unscientific, 
that there can exist no such thing as progress 
in Evolution. They point to the fact that 
survival is no criterion ; bacteria and 
protozoa survive as successfully as birds or 
men, and have lived on while many elabor- 
ately organized types have been extinguished. 
Nor is successful increase and multiplication 
any badge of a “ higher ” type. There 
arc innumerably more tubercle bacilli than 
human beings in the world. It might be 
imagined that adaptation was the key- 
property ; but this will not work cither. 
What could be more beautifully adapted to 
their own way of life than some of the 
world’s most repulsive parasites ? Yet these 
are always called degenerate animals. If 
survival and abundance and well-adjusted 
adaptation arc no good in identifying a higher 
animal, what is ? And the critics hint that 
we have been misled by our incurable vanity 
and merely call an animal higher because it 
happens to be more like ourselves. 

But there is more in it than that. When 
we take a number of examples of what 
common-sense would call high animals and a 
number of what common-sense would call 
low animals, and reflect on the differences 
between them, wC see that there is a real 
criterion of high as against low, of progress 
against standing still or degeneration. In a 
word, the higher creature has more control 
over the environment, and is more inde- 
pendent of it ; it is in touch, through its 
sense-organs and brain, with more of the 
world about it— the world for it is larger and 
more varied : and so far as we can judge 
from analogy with our own minds, its mental 
capacities of knowing and feeling, learning 
and foreseeing, are greater. A large part of 
Book 8 will be a running commentary on 
these last two clauses. Here we can confine 
ourselves to the first — which, indeed, in a 
sense includes all the rest. 

The higher has more control and is more 
independent. To a certain extent this 
comes about through mere bulk. The 
microscopic animal is at the mercy of the 
wind or the current which the creature of 
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any size can withstand. More definitely, 
it comes about through improvement of 
mechanical and chemical construction. The 
highly evolved reptile or mammal can do all 
sorts of things which the crawling an>phibian 
cannot ; the muscular stream-lined fish can 
swim in a triumph of accurate controlled 
motion when the medusa can only pulse 
blindly along. Partly the release from outer 
necessity comes through improvement in self- 
regulating machinery : the mammal carries 
about with it a special fluid environment for 
its tissues, the blood, far more delicately 
regulated to constancy of temperature and 
chemical composition than almost any envi- 
ronment, and made up so as to give optimum 
conditions for the work of the cells. Partly 
our freedom is due to a better co-ordination 
of parts. And very largely it comes about 
through improvement in the machinery 
for using the parts — the brain and its 
attendant mechanisms of sense-organs and 
nerves. 

Without an efiicient intelligence service of 
sense-organs most of the environment is a 
closed book ; one has only to think in what 
a monotonous and tiny black box of a world 
a creature like an amoeba or Hydra is 
imprisoned— without cither eyes or ears to 
give any knowledge of events at a distance, 
its whole experience apparently consisting 
of touches and tastes. 

But even when the organs oi' information 
and the organs of action liave been improved 
up to their biological limit, increased control 
and increased independence can be secured 
through a better use of these tools of life, by 
means of a brain better able to profit by 
experience. Increase of control and inde- 
pendence gained by this means has been the 
main feature of mammalian evolution, from 
the lime of the archaic mammals to that of 
modern man. 

It we make increase of control and inde- 
pendence our criterion of a higher organism, 
then when we look back over the course of 
Evolution we can say that there has been 
progress. For Evolution has gradually pro- 
duced higher and higher types. But we also 
find that evolutionary progress is of a 
particular nature. In Evolution, all the 
lower types do not get changed into higher. 
On the contrary, not only do low types go 
on existing, and happily, side by side with the 
higher (as the horse, in spite of the advent of 
the automobile, goes on existing fruitfully in 
certain parts of the world and, indeed, 
performs certain functions of transport more 
economically than a mechanical vehicle, 
even in big cities), but there has been a great 
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dea) of degeneration, active iuid inri 
types losing most of their 
become fixed or parasitic. \\Uai ' 1 '' 
ary progress consists in is ih- 
upper level attained by life Tj,,. ,? 
the simple types continue, l,i,i over 
periods new types appear wliid, atni,, 
further degree of control aiitl mdeneml""’ 
which life has up till then lacked S' "' 
is very far from being all piogressive 
it is shot through with progress. 

Our critics may grant that coiuuil 
independence, increased knowledgi 
intenser mental life, do, on tlir 
characterize the animals usually 
higher. But they will probably ask whiih' 
an evolutionary movement in this diiecuo 
should be called progress, for hi, 

higher and lower, implies some scale oi \ahir 
The answer of course depends on 
attitude. If one wants to analyse pui,] 
objectively it is best to leave values oui () 
the other hand, if we want soruethin^ lull, 
and more warming than detached aiial\M 
if wc want to build from the niultnudinm 
facts a vision of Evolution as an inipoMii 
whole, there is nothing to stop our piiitm 
them in. The general results ui ih 
evolutionary lendency—increased pli\sii 
efficiency, bigger brains and so on happ< 
to 1)0 results that in human alTaiis wc u 
progressive. We do think indepeiidcin 
and control, learning and foresight, ii(tl)li 
than their contraries. And so it is pc 
missible to say that one animal is highci tlia 
another, and to give the general name 
progress to this tendency of Kvohitioii di 
raises the upper level of control and md 
pendcnce reached by life. 

It is one of the most striking ihiiii,''' i 
Evolution, this fact that the slow aiitomai 
movement of life, througli ages heloic m^i 
ever existed, took a general direction wlui 
to our conscience commends itself as yirogicj 
and which, it seems, a dispassionate iiitc 
gcnce surveying earth’s evolution lium i 
outside would call progressive too. 

Man happens to be the highest anima 
the present time, as is evidenced, anwi 
other things, by the extent of the coniro 
is exerting over the fcllow-inhahitaiiis o 
world. It is this which takes the sting 
the suggestion that we style creatures aiRy 
low merely on account of their gieacr 
lesser resemblance to ourselves, 
of the evolutionary facts behind the res 
blance or lack of it. If a tapeworm cou 
a mqment be granted the power to r 
philosophize, he would be bound to a 
that the direction of his evolution c i 
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advanced their possessors on to new shores of 
control and independence. 

Indeed, in a certain sense, biological pro- 
gress is inevitable. It is inevitable provided 
that cosmic conditions do not alter so much 
that higher forms of life could no longer 
continue to exist ; provided that helpful 
variations continue to be thrown up, and 
provided that the branch under consideration 
has not some initial defect of construction 
which will eventually set a limit to its 
advance (as insects, we saw, are robbed of 
all the advantages of bulk by the construction 
of their breathing-system). 

In the size of the female human pelvis, for 
example, there may be a limiting condition 
to the size of human babies’ heads, so to the 


adv; 


thisi, 


(if Ac human brai,. 
ela^ation of the human miu<i 
We capnot say for certain nheth,, 
so or not. But a check on-t * 

Horn sapiens is not necessarilv 
progressive evolution. ’ 

In any case, when we look b,t, k n ,i 
history of life, we see definitch aio .l'.r 
through all the five hundred' niillil? 
of adequate record, bioloRiral 
though slow and sometimes devio ^ 


end o| 


sustained. Progress, 


defined bv hum 
standards, has been the quality of the “vA 
tion of life and there is no reason to supZ 
that It will not continue the quality of tL 
evo ution of life, so long as life continues , 
evolve. 
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0 y< Man Dawns.” ’§ 2 . Th" Remote Ancestors of Mem. § 3 . 

\^k„rt' History of Pleistocene and Recent Climate. § 4 . Traces of Man, Before 
^ and in the Pleistocene Period. § 5 . The Advent of Modern Man. 


§ I 

fp/r iVe Say “ Man Dawns 

M an made no marvellous entry upon 
ihr diaina of life. He did not appear 
suddenly upon the scene strong, aggressive 
and prevalent, nor did he ascend slowly 
through a series of abundant and successful 
as did the horses and camels. He 
dawns out of almost imperceptible premon- 
itions. He appears first as a rare creature, 
and he seems to have been the descendant 
ofiinrestial species perhaps as infrequent. 

\\V know him now as a world-wide, 
abundant social animal, but that has not been 
the ease with him for more than twenty 
or thirty thousand years. We will discuss 
the why and wherefore of that later. But 
Ins leinains before these recent dates testify 
to .11) animal almost as lonesome as the great 
.ipos and as unlikely to be preserved and 
fossilized. Were it not that several of the 
|sp(cies or varieties of early Homo resorted 
for shelter and other purposes to caves, it is 
doubtful if we should know anything about 
ilimi at all at the present time. 

The reader will better understand the 
point we are making if he will try to imagine 
how many dead gorillas or chimpanzees or 
orantf-Litangs have been preserved by nature 
Hi the last hundred years. Possibly not one. 
riieM' creatures, frequenting forests, are not 
hkcK to find a grave in the sediments laid 
down by swift rivers in flood over broad 
plums, nor in lake deposits, nor to be floated 
down towards the sea and dropped in an 
eiiuaiy. And as a matter of fact no fossil 
|rniiains of gorilla, chimpanzee or orang- 
jHiang have ever been unearthed. 

ucre it not for the actual living survivors 
ol these rare anthropoids, our grandfathers 
''OHld never have had a suspicion of how 
j'^urly a mammal can resemble a man. A 
unfavourable geographical accidents of 
K^reat general importance might have 
out these sad-faced, illuminatory 
l^'jsins of our breed altogether, 
or ffie early Hominida up to seventy 

eighty thousand year^ago, the bones we 
uw could be packed c^fully in paper and 
a small suitcase. What we get are 
^ y lower jaws-— for reasons we have 


already discussed when describing the 
Mesozoic (IV) mammals. Some teeth, a 
few shattered crania, and a long bone or so 
complete the meagre list. Yet all that we find 
is consistent with evolutionary ideas. And 
if bones are rare, another sort of trace is not 
rare. The Hominida were unique among 
Vertebrata in making instruments — making 
them, not merely using them~-and among 
other materials they employed hard stone 
chipped to an edge or otherwise adapted to 
human purposes. No doubt there were 
implements made of wood and other materials 
which have perished. But a chipped stone 
is an almost imperishable memorial. For 
every single bone of a primate of which we 
know of an earlier date^ than twenty-five 
thousand years ago, we know of hundreds of 
thousands of stone implements. These stone 
implements show a progressive advance from 
very rough to more elaborate forms. They 
have been grouped into periods. We cla.ssify 
them into cultures and types, but we cannot 
say of the earlier ones whether they are the 
work of many varieties or species of Hominida 
or of just one or two races. Slowly, perhaps, 
happy finds and inspired search will fill in 
the yawning gaps of this least perfect and 
most fascinating part of the geological record. 

But before we describe this dawn of man, 
we must go back and ask how it was that he 
dawned at all. 


§ ^ 

The Remote Ancestors of Man 

From what mammalian stock have man 
and the rest of the Primates ascended ? 
What were the steps by which he mounted, 
and what the evolutiohary forces which 
impelled him onwards ? 

The bodily structure of these creatures at 
once bars out a number of mammal groups 
from the list of possible ancestors. Such 
obvious impossibilities as whales or bats can 
at once be left on one side. Then the full 
complement of nailed fingers and toes rules 
out the Ungulates, the teeth rule out the 
Carnivores and Rodents. And so it goes 
on, until we are left with the sole group of 
Inscctivores, that most primitive and un- 
specialized order of the Placentals. Just as 

481 



BOOK 5 


THE SCIENCE OF LIFE 


1 


the ancestor of man must clearly have been a 
creature to be classified in the same group 
with the tailless great apes, and the ancestor 
of the apes as clearly must have belonged 
with the tailed Old World monkeys, so these 
in their turn, on every evidence of compara- 
tive anatomy and habit, must be descended 
from a creature of lemur-like construction. 
On this all zoologists are in agreement ; and 
they are further in agreement that the lemurs 
are closely allied with the Insectivores. 

The Insectivores are little creatures, 
runners on all-fours, with, on the whole, re- 
markably small brains. The outstanding 
characters of the higher Primates are their 
large brains and their fore-limbs converted 
, into grasping, manipulating hands. What 
can have brought about the change ? 

Without doubt, there were many con- 
tributory factors, but equally without doubt 
one was predominant — life in trees. As 
Wood-Jones has pointed out in his Arboreal 
Man, an active life in trees calls for a number 
of qualities not needed by earth-dwellers. 
It demands a much greater variety of move- 
ment in the limbs ; no longer will mere 
fore-and-aft swinging suffice as it suffices 
for even the speediest horse or antelope. It 
demands a prehensile hand and foot. Hoofs 
or talons would interfere ; a reduction in the 
number of fingers and toes is not called for. 
It demands a quick capacity for judging 
distance ; and this means reliance pre- 
eminently on the sense of sight, instead of 
on the sense of smell, to which most terres- 
trial mammals pin their faith. 

A first step in this direction, or rather in 
these joint directions, has been made by a 
few Insectivores, such as Tupaia and other 
tree-shrews, which took to arboreal life. 
Tree-shrews are more agile and have a 
distinctly larger brain than ordinary In- 
sectivores, and in the brain the area con- 
cerned with sight is markedly enlarged, while 
that concerned with smell is somewhat 
reduced. Indeed, so lemur-like are they in 
some respects that many zoologists consider 
them as barely modified lineal descendants 
of the forms front which the lemurs sprang. 

Among the lemur group there is one little 
creature called Tarsius, which is probably 
nearer the main human stock than the rest. 
The ordinary lemurs still rely mainly upon 
smell, and are therefore dog-faced ; but 
Tarsius relies mainly upon sight, its nose 
has dwindled, making it monkey-faced. 
Lemurs generally push forward with their 
muzzles to take food ; it uses its hands. It 
has also an extraordinary power of turning 
its head to look ; and, a very important 
462 


ciiapxej^ 

fact, it had acquired the power r,f 
scopic vision, using its brain, to h\ 
two fiat pictures given by the ( v u ■ 
solid one. In addition, together 
higher monkeys, or the great 
it forms the only branch ol' /hri"' 
to have achieved a yellow spui m its ev ^ 
patch in the retina permitting e^peciallv d ’ 
vision, a patch which the aninnil turns on i" 
any object he wants to cxaniine closeK 
and this concentrated sight is one of 1 
bases of attention, that mirid-conceniraii,,^ 
which underlies human success. In larsi'!!. 
the yellow spot is still diffuse, in process* ', 
formation : from the monkeys up it is hiu’ 
developed. 

The first steps once taken, the varioii 
acquisitions reinforce each other. The pos 
session of prehensile, mobile hands leads t( 
their being used for holding food, for ^rasp 
ing, for trying out things. ‘ The moic chano 
there is of this manual examination, the mon 
important it will be for the brain to be alrr 
to every subtle difference between objects 
and once the brain is improved, there will b 
advantage in new delicacy of haiidlmu 
Meanwhile, the information given b^ tli 
hand can be linked up with that given b\ th 
eye, to provide a solid knowledge, in lernis ( 
sight and touch combined, which must h 
quite unattainable by such mammals as ha\ 
only hoofs or claws and rely mostly upo 
smell. And thus, one improvement oprt 
the way for another ; the dilTercnt cwoh 
tionary trends are mutual stimulants. 

So brain and hand and eye progressed an 
pushed the early Primate on from tro 
shrew condition, through early lemur i)i 
with dog-like head, and Tarsioid iiionkc' 
faced lemur, up to a new state, a nr 
condition of animal life, in the shape 
monkey. Here the handling of objects an 
the brain’s interest in them have progressed 
far that the creatures are possessed of a ne 
biological feature in the shape of a verita) 
overflow of curiosity and inquisitive manip 
lation ; and they have retained and ir 
proved the stereoscopic and concentrat. 
vision of Tarsius. 

Aside-branch of the monkey-stem coloniz' 

South America, there developing 
marmosets and the prehensilc-taded sp 
monkeys, woolly monkeys, and ^ 
They are in many respects, notably m 
teeth and their noses, less human man 
Old World monkeys, and no new types^ 
to have originated from 
rectmtly a photograph has been pn > 
wh^ purports to be a further stage 
evolution — a New World monkey u) 
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, it seems has lost its teil and 

unusually large size. There is 
uu!<'ss New World monkey. If 
* 1 Lv.« V is authenticated we have here 
evolution ; jusf as Litop- 
‘r,u horse-like creatures and 

.'■"IniaK evolved a mole-hke type, so it 
the N' vv World monkeys have taken a 
with that which converted the 
World monkey into an ape. But for the 

Inal's taillessness nor of its exceptional 
lieiirss ; tin' preserved and the 

holograph .shows only a front view. In any 
K- it is quite certain that man is descended 
roni a true ape, and this South American 
:r(Mtiire, this pseudo-ape, has no place in 

''iktween tlic stages of monkey and of great 
ipi' there were important changes. Among 
lailed monkeys only those like the baboons, 
i\hirh have taken to ground life, have at- 
:aiii('d much of a size. But all the true apes, 
;.uii the little light gibbons, arc bigger than 
diTiost any arboreal monkeys ; and, of 
[(iiirse, they have lost their tails. This 
ionics from their having adopted a new 
nirtiiod ol' moving through the trees. 
Instead of running along the upper side of 
branches and leaping like a squirrel, using 
tin long tail as a rudder and balancer, they 
smug themselves along by their arms. The 
prolcssioiial anatomist will tell you that they 
htk Inale ; but all that brachiation means is 
'Winging along by the arms. The tailed 
monkeys have a chest deeper than broad ; 
but brachiation broadens and flattens the 
elms'. It demands even more prehensile 
hands, and greater sensibility in them to the 
ihape of things ; it means that the cyc-hand 
eoiielaiion must become the most important 
httor in the animal’s life, for eye and hand 
nuist co-operate in every swing. It means 
^hal the tail can be dispensed with ; and 
that, since the body is habitually vertical, 
will still tend to be held upright when the 
•inimal comes down to the ground. 

All these changes .depend upon a special- 
>Z‘ition for arboreal life. It is perfectly true, 
noi only that man would never have arrived 
f familiar construction we know unless 
J lad once been ape and monkey, but, much 
radical, that so far as we can see, he 
have achieved the character by 
’c he becomes human, the intelligence 
im aloDo marks him off from all other 
jaiures, imlcss he had had this apprcntice- 

br him 


Nor, when the time came 
Hav t\ ground-life again, could he 

^ none so in the only way which would 


leave him human — upright, with hands 
released from walking, and reserved for 
handling — unless he had passed through the 
stage of brachiating ape. 

The fossil remains bearing on this period of 
evolution are not many. There were various 
lemur-like creatures in the Lower Eocene 
(V A i). Of Old World monkeys there are 
scarcely any remains. But there is a Lower 
Oligocenc creature from Upper Egypt, 
Propliopithccus, which appears to be a very 
primitive type of tailless ape. By the end of 
the Miocene (V C), a divergence is manifest. 
Pliopithecus foreruns the modern gibbons ; 
and Dryopithecus the rest of the group of 
apes. 

Dryopithecus, though known entirely from ^ 
jaws, teeth and bits of skull, is a fairly 
abundant fossil. It ranged over a great 
part of the Old World, and had diverged 
into species of very various size, from that of a 
small gibbon up to that of a man. It must 
have closely resembled our ancestral stock ; 
its teeth and jaw are just what we should 
expect from the ancestor of man, gorilla, 
chimpanzee, and orang-utang. 

Of the existing great apes, there are no 
fossil remains ; the only other ape fossil known 
is Australopithecus, of which the skull has 
been found at Taungs, in Bcchuanaland. 
This belongs to an immature ape, but an 
ape that seems in various ways less simian 
and more human, especially in the teeth and 
chin, than any of its living relatives. 

Probably, we may conclude, the trans- 
formation from Insectivore to Lemur-like 
animal came in the late Cretaceous (IV C 
3), of Lemur to Monkey in the early Eocene 
(V A i), of Monkey to ancestral Ape in 
the warm forests of the late Eocene (V A 2 
and V A 3). The specialization of the 
apes went on during the Oligocene (V B) 
and Miocene (V C) ; and the divergence 
of man-like from ape-like branches cannot 
well have taken place before the late 
Miocene (V G 3) or after the middle 
Pliocene (V D 2). 

But though man could not have become 
man, intelligent and erect, without passing 
through monkey-like and ape-like stages, the 
continued existence of apes to-day is proof 
that to pass through these stages does not 
necessitate the further evolution Into man. 
What was it that drove our pre-human 
ancestor down from the trees, shook him out 
of his arboreal habits ? Bulk may have had 
something to do with it. The gorilla is the 
biggest of the apes (old males may weigh over 
400 pounds ) ; and gorillas are to a consider- 
able extent ground animals. But they still 
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live in foregts, and all but the old males who 
arc too heavy take to the trees at little 
provocation. 

From what we know of other evolutionary 
changes, of how the big steps, the new 
achievements, seem regularly to be taken by 
life under the stress of necessity, of suddenly 
changed conditions, rather than inevitably 
and easilyr-from what we know of other 
creatures, we may suppose that the radical 
and vital change from tree-life to earth-life 
was also taken under some compelling stress. 
One of the most plausible suggestions which 
has been put forward is this. We know that 
from the late Miocene (V G 3) on, the 
climate of the Cenozoic grew drier and cooler 
I until the Ice Age. Forests diminished. In 


being supposed to be chimpan* ,u 
of the yellow races orang-likc ,nri ,l 
the black races gorilla-Uke. Ijm th'"' 
counters so many difficulties,* and** 
counter to^so many evolutionary facts 
principles, ’'that we need not tronijlc torf 
cuss it seriously. 

In any c^e, it would seem that the aDes 
have continued to pursue their line^ 
brachiating specialization since th(‘ time I 
man’s origin, so that they have accentuatd 
their differences from man, notably in cn 
larging their arms and lengthening theij 
fingers to hook over branches. We must noi 
forget that they have evolved as well as ivc, 
They are better apes than they once were ' 
we are worse. 


most places the forest inhabitants could 
re, treat with the forests ; but in the regions 
of Central Asia, north of the Himalayas 
(which were then still being elevated), tjie 
high plateaux and mountains would bar the 
way south, and the forests would disappear, 
leaving their inhabitants, deprived of their 
old home, on the open ground. As this 
happened, there would be intensive selection 
in favour of any creature that could change 
its way of life ; and so, it is suggested, 
arboreal forest-living ape was transformed 
into man, habitually on the ground and in 
the open. The apes that elsewhere retreated 
southwards with the trees; being under no 
such stress of necessity, remained apes. 

This is why several eminent authorities 
suggest Central Asia as the region of man’s 
origin ; and, as we have said, the suggestion 
is reasonable and plausible. It is, however, 
quite possible that the ancestor of man may 
have been from early times a more terrestrial 
creature than most of his relatives, adapted 
to life in open glades and the forest margins, 
and that he simply pursued this line of 
specialization until it led to a creature terres- 
trial and big-brained enough to be called 
man. After all, the gorilla spends a good deal 
of time on the ground ; and among the tailed 
monkeys, the baboons and their relatives 
have left the trees (and, be it noted, have 
become the most formidable and the most 
intelligent of the monkeys). If this were so, 
the evolution of man could have taken place 
whether or no his forest retreat were cut off ; 
|ind we din place his origin in Africa, if we 
like, as many have done, or in South-eastern 
Asia. The truth is that we do not know, and 
only new facts will tell us. 

We may here take the opportunity of 
mentioning one strange idea which has been 
put forward, that man has a multiple 
descent, the ancestors of the white races 


Whatever view we hold, it seems certain 
that our pre-human ancestor was liaiiy al 
over — probably black-haired, though red i; 
a possibility — had longer arms and iingcr 
than now, was shorter, with legs more bent 
feet turned inwards to grasp the branch 01 
which the creature might be sitting, a heat 
still set well forward on the neck instead 0 
pillared erect upon it, and a brain of a})e 
standard. 

Increase of brain was doubtless the prim 
agency of further evolution ; but this \Na 
permitted and encouraged by other factor 
Ground-life, by releasing the hands from ih 
duties of branch-to-branch locomotion, free 
them for manipulation, for the carryinij i 
sticks and stones as weapons, for tool-making 
On the ground, with climbing powers r( 
duced, vision, alertness and quickness c 
thought and action were at a preniiun 
Ground-life encouraged a more omnivoroi 
habit ; and once the early man-creaiur 
ceased to be almost wholly a fruit-eater an 
took to hunting, that tbo encouraged ski 
and observation. Both hunting and th 
increased dangers of the ground would fosic 
the need for communication and co-opera 
tion, and so would encourage the birth c 
speech and idea. Meanwhile, since the ijs 
of artificial weapons diminished the need Ic 
natural weapons, the teeth, and especial! 
the great ape eye-teeth, dwindled. ^ 
consequence of this, upper- and lower-jav 
would no longer interlock as in the apes, an 
a freer movement of the jaw was possml 
Not only the teeth, but the muscles for bitu 
could be reduced, and so the muzzle shrar 
into a face. This release of the jaws ar 
^[leighbouring regions from the sava| 
activities of offence and defence meant t - 
they^i^uld be used for more delicate ac uv t^< 
and as the violent biting spasms of the 
were less needed, the delicate rippl“‘K ^ 
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actions ^ 

changes again reinforce each 
Z and stimulate the main central change, 
t Lwtli of brain. Thk was, connected 
il with •' further notable step forward— 
rnroloiimition of the helpless stage of man. 
L main lengthening out of development 
h d taken place earlier, between tailed 
monkcv and tailless ape. The common 
macaque monkey is sexually mature at four 
)r five years old ; the female carries her 
jnborn young for about five and a half 
months, the baby cuts i|s first set of teeth 
)y three or four months of age (instead of 
il)out eighteen months, as in a human 
nfant), and begins shedding them again at 
ibout a year. The rather meagre data we 
iavf about the great apes, on the other hand, 
how that they are very like man in the tempo 
if their development. Even the compara- 
ively small chimpanzee has a gestation 
ifriod of at least seven months, and quite 
Dssibly more, and weans its infant at about 
ineteen months ; the baby begins to replace 
s milk grinders at five or six — almost exactly 
If same age as the average child. Puberty 
nme.s on, it seems, at ten or eleven, which 
little less than in many tropical races. 

.s to the age to which the creatures may 
iivf, w’c have very few facts. Monkeys 
probably live for several decades ; and there 
J5 every reason to suppose that chimpanzees 
’ live almost as long as men and women. As 
repard.s gorillas, one naturalist is of the 
opinion that they may live to be a hundred. 

Thi.s slowing down of development permits 
a greater brain-growth and a lengthening of 
tlie period of educability. But in man a 
further step has been taken. The infant is 
niore undeveloped, its helpless period is 
longer. This would make it harder for the 
mother to run with the rest of the group, 
'vhich in its turn would encourage temporary 
settlements and make for a division of labour 
between males that hunt and fight and 
females that keep the home. And it 
strengthens the tie between mother and 
child ; it makes educability lor\ger-lasling 
and education more important. 

The way in which this final change seems 
jo have occurred is interesting. Apparently 
tt has been brought about by making various 
characters present in the foetus of apes last 
into independent life or even to the adult 
stage oi’ man. The most notable of these ^ 
ouman hairlessness, which, as wc have 
pointed out in Book 3, prolongs the transitory 
naked save for the crown of the head, 
'^nich the ape-foetus pa^cs through after 


shedding its first crop of downy hair, 
Bolk, the Dutch anatomist, has itemized 
a whole list of similar characters, and is so 
impressed by them that he speaks of the 
evolution of man as a “ foctalization ” of 
the ape. 

Such a process, which is in a sense the 
reverse of recapitulation, is not uncommon 
' in animals. In Book 4 we have met with a 
striking example in the axolotl, in which the 
tadpole characters are thrown forwards, so 
to speak, and have come to cover the whole 
of life (Book 4, Chap. 5, § 4). In human 
evolution it will obviously not explain the 
increased size of special regions of the brain, 
but it does seem to have played a very real 
part. If we may hazard a speculative guess, 
it looks as if the general slowing down of the 
process of early development was advan- 
tageous as a method of delaying the closure 
of the skull sutures and so providing for in- 
creased brain-growth after birth ; and that 
the later “ foctalization ” of humanity was 
then evolved because it lengthened the 
educable period and made the most of the 
brains. Whatever the operating cabses, they 
have had important secondary effects. One 
of these, hairlessness, has had consequences, 
both practical and aesthetic, of the most far- 
reaching nature. So man acquired his 
unique character of being the animal 
which never grows up. Not only infancy, 
but the whole period of dependence is 
lengthened ; the period of learning takes a 
far bigger fraction out of human life, even 
the most primitive human life, than out of 
any other. Childish curiosity, desire for play, 
and delight in experiment are prolonged, 
and come to persist, like hairlessness, 
throughout life. What the axolotl is physic- 
ally, man is mentally — a permanent youthful 
stage ; and to this he owes his humanity. ^ 
When we come to the actual fossil remains 
of man, it is interesting to see evolution 
making experiments, so to speak, in different 
directions. We have already spoken of some 
of the early types of human and half-human 
beings (see Fig. 154). Of these, Piltdown 
man was still extremely ape-like in chin, 
jaw, and teeth, especially dog-teeth ; but in 
brain and brain-case he was definitely on 
the human line. Sfhanthropus, similar in 
face and teeth, had a smaller brain. Heidel- 
berg man had an amazingly massive jaW, 
but his eye-teeth were already quite human. 
Neanderthal man and Rhodesian man, in 
spite of having a far larger brain and more 
human teeth than Piltdown man, possessed 
huge *brow-ridges which he largely lacked. 
Neanderthal man was still very bent in the 
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leg, while the half-way ape-man Pithecan- 
thropus seems to have stood almost as 
straight upright as we do. 

We are reminded of the horse slock, where 
some species evolved by specialization in 
teeth, others by specialization in toes, others 
in simultaneous advance in both. Teeth, 
brain, chin, straight leg, muzzle and brow- 
^ ridges — these were so many improvements to 
make in our simian ancestor ; and in the few 
fossils of early man that we possess, wc see 
fragmentary samples of the many evolutionary 
attempts made upon the problem, attempts 
that did not result in the successful type of 
modern man until a mere twenty thousand 
years or so back. 

But these were all men, tool-making men, 
and for the history of their improvement we 
must go back and study the stone implements 
that they have left ; and to do this satis- 
factorily it will be advisable to tell first of the 
profound changes of climatic conditions 
which preceded and accompanied human 
development. 

§ 3 

A Short History of Pleistocene 
and Recent Climate 

The climatic history of the world since the 
Pliocene (V D) has been worked out in 
very considerable detail with much patience 
and inspiration by a number of brilliant and 
devoted workers. The preceding chapters 
have told of the climatic decline that went 
on from the Miocene (V C). The world 
became austere. Towards the end of the 
Pliocene (V D) the circumpolar ice extended 
itself towards the equator and the mountains 
became the nests of vast glacier systems. 
Glaciers, as they advance or shrink, pile up 
and leave fringes of mud and stones along 
their courses and at their ends, the moraines, 
and it is mainly upon the evidence of the 
moraines which the great ice-sheet built 
*up at their margins and the boiildcr-clay and 
drift which their melting spread over the 
land that our history of past climate during 
the Pleistocene (V E) is based. It is 
based also on the evidences of change of 
climate revealed in the plants preserved in 
peat bogs, the shells of seas and lakes, and on 
the alterations of level between land and sea, 
which are traceable in raised beaches, and 
so forth. The annual rings of the steins of 
very old trees have also been helpful in 
indicating, by their openness or density, the 
nature of the seasons of long-past centuries. 
As this resurrected calendar approaches the 
present day it becomes more and more cer- 
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tain and exact. We must wai M onr 
that there is not full agreemt m 
workers on the conclusions hnr sci? ? 
and that the actual dates we givr, Vs • ’ 
the earlier ones, may have tobf 
light of fuller knowledge. Bui the uin 
has become a much more conen i(‘ anlj 
one in the last few years, and its l)road 
seem to have been drawn oncf aud for 
The Great Ice Age appears not to C, 
been a single great wave of cold, as the earlir 
geologists imagined, but to have struck ihc 
wcrld in a series of cold spells with warmer 
times between. This was first sugjrostod l, 
James Gcikie, and has been generally a^THtj 
upon since the epoch-making work of P^ck 
and Bruckner, who explored the Alps ir^m 
end to end, searching out the relalions of 
every moraine and ice-deposit ; hut upon 
the number of these fluctuations there has 
been much dispute. Recent research, how. 
ever, is gradually clearing up appainii 
contradictions. There seem to have Ihth 
two main glaciations, both of them woild* 
wide, the first more severe than the second 
They were separated by a long inlerf^lanal 
period, during most of which the cliniau of 
the world was no harsher, and prubahK 
milder, than that of to-day. But each of ihe 
two main cold spells was itself discominuoiis : 
the two thrusts of the advancing ice heim; 
separated by a I’etreal, and by a lime of Its^ 
severe climate. These retreats too are ofien ] 
called interglacial periods, but in order lo 
stress their lesser importance and dural ion 
and to make our story clearer, we shall (all 
them here intermissions, as opposed to the 
long main interglacial period. For 
alone we will use the word inter ^>1 acini 
Thus, we have two major glaciations, eadi 
consisting of two periods of severe glaciation 
separated by a milder period, and these two 
great glaciations are separated by the great 
intergiacial. The whole Pleistocene iPerin 
(V E) seems to have lasted rather rn^e than 
half a million years — a trifle, geojfogica \ 
speaking. Following a practice we fiopc our 
readers have found useful we piypose t(> 
distinguish these main periods byl lettcyt . 
g I and g 2 for the first and second 
and i-g for the interglacial pcr*od.‘ 


* The names given by Penck and Bruemner 
four glaciations as revealed in the Alps* arc ’ 
Mindel, Ris.s, and Wiirm ; each after an Vnic; 

where its moraines were well **Fown. ” 

were deliberately chosen to be in alphabjiical ’ 
with room for others between if the nun^ber 
adding tO:--a too-rare example of for®thouK ’ 
scientific ntmicnclature. Giinz and . /wiinn 
g 1 separated by its intermission. RissMano 
together constitute g 2. 
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f)r. 238. Time diagram of the Ice Age {above) and the time since its end {below). 

i,n(> represents temperature ; when it runs below the horizontal line, ice-sheets were present in Europe and 
‘imniai. The periods [Eolithic, etc.), the mb-periods {Chelleatif etc.), and the types of men are given; 
]hf hrt'f diagram, the changes in flora and fauna are indicated. All events are dated with reference to Western 
■rofif nct'pt the discovery of agriculture and metal and the historical dates. In the lower figure the dating of Peake 
{"'Hunters and Artists'^) is follolved ; other authorities put the end of the Upper Paleolithic farther 
back. UP, Upper Paleolithic ; C., civilization. 


„ tilt’ reader wants the full style and title 
oi the interglacial period he can mark it 
\ E i-g). fhe dates for the first half of the 
first glaciation arc rather conjectural ; but 
the fithers are based on solid calculations and 
on .irtual measurements of time. 

We can say that the Ice Age ended either 
.11 the moment when the last great ice-sheet 
hcijaii to shrink, or when its retreat had gone 
s(i tin that no ice was left on any European 
k lands, and the climate had become no 
worse than that of to-day. For both these 
moments we can assign a date, based on 
De (Jeer’s method of counting the annual 
la\eis of clay deposited by the summer 
meltings of the retreating ice. For the final 
.iiiK'lioration of climate the date is close to 
H.t;. ; for the beginning of the retreat, 
.ihoui 20, ()()() B.c. As wc shall see later, the 
rr treat vias not by any means uniform. It is 
il the ice fought rearguard actions, paused 
‘Uid even re-advanced ; but it never re- 
‘overed all its lost ground after 20,000 b.c. 

Ihe later of our two main glaciations 
^ h g 2), which thus ended close to historic 
lasted from about 130,000 b.c. It was 
divided into an earlier Ice Age of at least 
•liirty thousand years, an intermission of 
ji')out twice as long, and a second Ice Age, 
'1‘ss st’VfTc than the first, of about twenty 
mousaiid years. Over the north temperate 
r^*gions of the world, the climate of the 
•'itf'rniission may have occasionally been 
hut for the most part it seems to have 
^‘f*n Cool and arid, like that of the Asian 
^(t'ppes to-day. The vegetation was sparse, 
j ther e was much deposition of wind-borne 
usi to form the thick covering of fertile 
’Material known to geologists as loess. After 


the final cold phase came the phase of 
alternation in which we are living. 

Before this second glaciation (g 2) came 
the main interglacial (i-g) ; and this en- 
dured for nearly a quarter of a million yearS. 
Thus, be it noted, about half the so-called 
Great Ice Age was passed in a warm climate. 
During this period the ice must have been 
confined to the tops of the mountains and 
to the high arctic. I’hc bulk of Europe and 
America supported a rich vegetation, with 
an abundance of animals, and animals of a 
temperate and even semi-tropical type — 
the southern elephant, a form of hippo- 
potamus, Merck’s rhinoceros, the sabre- 
toothed tiger, hyenas, lions, deer. The 
mammoths, meanwhile, found the main 
continent of Europe too warm, and browsed 
among the Scandinavian forests of birch and 
pine. 

But before this interglacial period the first 
main glaciation (g i) had had the world 
in its grip. It had been far more severe 
than the second. Its second culmination 
alone had lasted some sixty thousand yeanl^ 
longer, that is, than the two cold phases of the 
second glaciation added together. During 
this earlier time, the European ice-sheet had 
reached east to the Urals, covered all Ireland 
and Scotland, all England as far south as 
the Thames, and left only a corridor of 
about two hundred miles wide between its 
ice and the ice descending northwards from 
the local ice-shect of the Alps. 

In America the second phase of this first 
glaciation (g i b) seems to have been the 
worst, and the huge ice-sheets covered not 
only, all Greenland and all Canada, but 
pushed south to St. Louis and Louisville and 
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New York. They seem to have been ^ver a tion of this is to be sought in a change fi I 

mile thick in regions s.uch as New England, of the ^ands* It was the great 

Interestingly enough, most of Alaska seems to of the continents which helped lo I 

have escaped ; there were local glaciers in the Ice Ages. Now, in the first ^ 

its mountains, but the great bulk of it was (g i) this probably went so far as to 1 • 

ice-free. One of the most notable products up into the light of day a rni!:jlitY rid 

of an ice age are the lakes that it leaves sort of submarine hog’s-back, known If 

behind it, though these are destined to silt Wyville-Thomson ridge, which ( xicnds riirh 

wp and disappear in^a comparatively short across the North Atlantic from Scotland ad 
Ipace of geological time. The Swiss lakes, Norway through Iceland to Greenland, if 

the lakes of North Italy, the English lakes, so, then the waters of the Arctic Ocean, chill 

and the Scottish lochs, are all presents from with ice, could no longer flow south to cool 
the Ice Age. But the most striking glacial the Atlantic. In all probability it was the 
lakes are the Great Lakes of America. The comparative warmth of the Atlantic which 
complicated history which they have under- kept Spain and Britain unglaciatcd duriup 
gone, joining up and separating, enlarging this first age of severity, just as the Gulf 
and shrinking, draining northwards and Stream waters keep Norway habitable lo-day. 

draining southwards, can be read in such In any case, the boundaries of land and 
books as Schuchert and Le Vane’s The Earth sea were wholly different during most of the 
and its Rhythms, What is of interest to us here Pleistocene (V E) from what they are to-day. 
is the fact that these great bodies of water, We hear, for instance, of man reaching i 
so important for American commerce, owe Britain during the later Pleistocene, and we ] 
their very existence to the ice and will think heedlessly of an invasion of cdnofs 

diminish as the Ice Age recedes. crossing the English Channel. But the 1 

The ice has had other effects on our English Channel, as we know it, did not exist 

{JPiesent-day economic life. Where it pcissed until 5,000 b.c. or even later, and Stone Age 

over hard rocks, it left behind it huge man had no need of boats to reach Britain ; 

quantities of boulders ; sometimes, as in he travelled on his feet, as did the foui- 
parts of New England, the abundance of footed beasts that now live there with him. 
boulders makes agriculture all but impossible. In general, the glaciations seem to have 
When the ice ground its way over softer been always times of elevation, the inter- 
material, it generally left behind it a soft glacial and the intermissions times of sub- 
drift, often rich and tillable, and sometimes, mergence. But throughout the whole of 
as when it brought drift from a limestone the Pleistocene Period England was con- 
region to one of sandstone, it markedly nected with the Continent, not only over 
improved the soil. I’he yield of the driftless what is now the Channel, but also across the 
areas in .Wisconsin, for instance, is only two- flat plains that are now the bottom of the 
thirds of its drift-covered fields. North Sea. Across those plains a great river 

There are as yet no exact dates for the ran northward, the united Thames and 
intermission of this first glaciation and for its Rhine, whose submarine bed can still be 
earlier phase of severity. But together they (raced. 

cannot have fallen far short of one hundred The Straits of Gibraltar seem to have beca 

thousand years, and this takes us back to closed at each time of elevation (g i and g 2 i- 

530,000 B.c. In addition, a second passage of dry land 

Now, throughout this half million years extended from Europe to Africa by way ot 
more, the map of the world was under- Italy and Sicily, and Asia was cernented to 
'^ing changes as remarkable and important Europe by a broad land-connexion 
as its fluctuations of climate. The geo- from Asia Minor to the Balkans. The Medi* 
graphical and climatic histories arc indeed terranean was thus represented only by 
two aspects of a single story of planetary inland lakes, the Black Sea by a third. An 
change. In the first great glaciation (g 1 ) once the great ice-sheets began to form t 
it is to be noted that the shape of the ice- locked up water in themselves, and 
area was very different from that of the the seas still farther. The change otwa c - 

second (g 2). For example, although the line thus produced was considerable ; 

main ice-sheet over Scandinavia spread as far probably amounted to about 400 feet a 

east and south as it did in the last phase of maximum glaciation. But once the 1 

all, yet Britain was not touched by it, and sheets were formed, their weight ^ 

lacked even a local ice-cap. And though press the larpst downwards locally, ana^ 

the Alps had their full portion the Pyrenees their melting took'thc extra weight 

were very poorly glaciated. The cxplana- crust began to warp slowly Up agai^- 
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. in u^rillation. Elevation produced 
"f ce produced depression. These j)8cina. 
,tilh'<mtinue. To-day the worfd w still 
,^rirnj ^roin the second great glaciation 
^Tand as it does so, countries like North- 
ern* Norway and Spitsbergen rise steadily 

\v,Vh these major movements of 
.lev'ition and depression, and the local 
Lrpin^ of the crust as the vast weight of 
.inmncunibent ice was put on or taken off, 
fhi treoffiaphy of the Pleistocene is a kaleido- 
;copt' thiiiK- We find it difficult to realize 
[hese movements, so stable do the lands seem 
toour brief lives and observations, so hypnotic 
the outlines of the countries in our 
itlases and so ineradicable the effect of that 
(Kdish early teaching of geography that 
x'tfins with countries and “ capitals.” But 
ft us not forget how extremely small the 
novements really are in comparison with the 
;lol)e on whose surface they take place. To 
)rint> even the Wyville-Thomson ridge above 
water and make a northern connexion 
lxnw(*(‘n Europe and America, needs a move- 
ment of five hundred fathoms- -far beyond 
th(' reacli of any diver. But this is less than 
i.b(),oooth of the earth’s radius : we could 
not touch an orange ever so gently without 
makiiif,^ a bigger deformation on its surface, 
foi it would be a deformation of only about 
!-'](ioth part of an inch. 

We are living now within a few thousand 
\f*ars of the second glaciation ; the world’s . 
climate is still oscillating — one hopes to- 
wards mildness, though perhaps we are only 
livinff in the fool’s paradise of an intermission 
an interglacial — and modern research 
reveals the traces of ages in which humidity 
has increased and waned, and ages of com- 
parative dryness and cold. In the early 
sla^^cs of the last shrinkage of the ice, towards 
the end of the Pleistocene that is, the 
lemperate zone of the world lay across North 
wica and the Sahara was green and fertile. 
-Northward treeless plains reached towards 
the icc. Southward was hotter and drier 
founiry. Homo sapiens was already in exist- 
fnee. The early true men of whom we shall 
presently tell drifted with the amelioration 
^world conditions northward. The Sahara 
Ran to dry. It became gradually the 
esert we know to-day ; but it still preserves 
^rne of its oases, though they are now 
rely without connexion with any big 
'Vers or lakes, dwarf crocodiles and occa- 
^^nal catfish as tokens of its moistcr past, 
^eanwhile, the green zone with its grass, 
crests, its game and ample food crept 
the grc?l$ Mediterranean valley and 


extended from Spain, through Mesopotamia 
to Turkestan. The belt of steppes, the 
warmer belt of green, tfie heat-belt all 
quivered their way northward. We write 
“ quivered,” for there were constant set- 
backs. No two years were alike then any 
more than they are now. There would be 
periods when there was a phase of elevation, 
when the ice increased again and all the zones | 
would be pushed back south. Somewhere 
in the history, but when we do not know, the 
barriers at Gibraltar were broken through 
and the Mediterranean became one sea. For 
a century or so about 5000 to 4000 B.G., 
there seems to have been a strong reaction, 
much snow upon the head waters of Mesopo^^ 
tamian rivers and great floods— perhaps the 
original of Noah’s legendary Deluge. 

By that time civilization was dawning. 
This phase of elevation, it is supposed, made 
the Nile valley possible for civilization. 
Before that time, it seems, it had been marshy 
and uninhabitable. Now it was drained and 
lay irrigated by a great rivpr and open to the 
sun. And so in Mesopotamia and down thq 
fertile strip of Egypt appeared a new and 
strange biological phenomenon, man the 
cultivator. But of him we must tell later. 
Unsuspected by him until quite recently and 
yet moulding the broad outline of his for- 
tunes, the climatic fluctuations have gone on. 
The fourth and third millennia b.c. were 
ages of warmth and increase. Man multi- 
plied in the fertile valleys and also in the 
belts of forest and steppe to the north. The 
second and first millennia were in comparison 
periods of elevation and cooler, drier weather. 
The zones of steppe, of green fertility, of 
heat and dryness moved towards the equator 
again and there was less rain upon the world. 
The men of the forests and steppes turned 
their faces southward with that southward 
shifting of the zones. In The Outline of 
History the reader will find the story of a 
great series of invasions and conquests of the 
ancient civilizations, which this southward^ 
swing of the climatic zones produced. But 
we will not run on into written history here. 

We must first say a word on the effects 
which these violent changes of climate and 
level produced in the world of animals and* 
plants, and then turn back to the story of 
man. 

No life can exist in the centre of a great 
icc-cap, and thus, during the times of 
glaciation, great tracts of the world that in 
other ages were not merely habitable but 
comfortable, were swept wholly bare of 
living things. Later, as the ice melted away, 
enormous territories were thrown open again. 
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But the conditions in these reclaimed areas 
are still not what they were. Both in Jurassic 
(IV B) and ekrly Cenozoic (V) times, 
Spitsbergen was richly wooded ; during the 
great glaciations there was no soil exposed 
over the whole archipelago — nothing but 
ice and snow ; to-day the tallest “ trees ” 
that can grow there are the various creeping 
willows, that never rise more than four or 
occasionally six inches into the air. The 
climatic zones of the world are much more 
sharply marked to-day than in equable 
periods like Eocene (V A) or Jurassic (IV B) 
or Carboniferous (III R), when sub-tropical 
or warm temperate belts often crept up to 
within the arctic circle, and the cold temper- 
ate and sub-arctic zones, with their pleasant 
summers but harsh winters, were reduced to 
insignificant rings round the poles. 

The new territories exposed by the melting 
ice, therefore, though admirably adapted to 
support life in summer, were still hostile and 
barren in winter. And animals that could 
migrate to and fro with the seasons would 
have great advantages. Such seasonal mi- 
grations are undertaken by some of the larger 
northern mammals. "Jlie migrations of the 
caribou arc the best known — mighty herds 
of animals moving north with the spring and 
south with the autumn, accompanied by 
wolves that prey on stragglers, over the 
great spaces of Northern Canada. But the 
method has been most thoroughly exploited 
by the mobile birds. In the tropics there is 
no irruption of birds that come to breed. 
In a north temperale region such as Britain, 
about a third of the breeding species are 
winter absentees, comingonlyfor the summer; 
and among many of the other two-thirds, 
the so-called residents, there is really a great 
deal of migration, the individual birds that 
are with us in winter moving on northwards 
to breed, and having their places filled in 
spring by immigrants which have wintered 
farther south. And in arctic Spitsbergen, 
among about thirty breeding species of birds, 
all but the Spitsbergen ptarmigan and 
possibly its enemy the snowy owl, leave the 
country in winter. In every case, migrating 
birds breed in the highest latitude which they 
visit during the year, showing that competi- 
tion for breeding-places is at the root of the 
migratory habit. 

A wonderful description of the sudden 
change from the poverty of winter to rich and 
abundant summer is given by Seebohm in 
his Birds of Siberia. The tundra plains are 
snow-bound for over eight months out of the 
twelve. A couple of fine weeks melt the 
blanket of snow, and the low bushes appear 
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It is almost universally found that tl 
farther north a bird breeds, the farther south 
It winters ; on its migration, it skips\>ver 
the less mobile species of milder latitudes 
This holds good even for the varieties cf 
one and the same species. Idle suh-specu^ 
of fox sparrow that breed in Alaska winter 
in California, while those that breed m 
Vancouver only move down to Washiniri,„i 
and Oregon. This again is what one would 
expect. When the retreating ice h aves u new 
breeding-ground vacant, the birds that taki 


possession of it in summer must suppon I 
themselves in winter, too. 'I’he colonists ot ■ 
less northerly regions will have aliead\ 
establislied their winter quarters as nt'ar as 
possible to their summer home, and Iresh 
competitors would put too great a strain on ! 
the food supply. So the new invaders ol 
more northerly breeding-grounds push on iu 
autumn towards the inexhaustible resouicrs 
of the tropics, and arc repaid for a irion 
arduous journey by more abundant winui 
food. 

Some kinds of arctic-breeding birds serin 
to have got .so tied to cool conditions that 
they shun the warmer regions of the wot Id 
altogether ; and when the autiinin comes 
they fly .south, skipping all the tropics, to 
another spring and summer in the southern 
hemisphere. The American gold('n plover- 
for instance, breeds along the noiiheni 
coasts of arctic America. In autumn dx’ 


birds of this species move south-east, make a 
great ocean flight from Nova Scotia to South 
America, and then travel on to winter cpiar* 
ters in the Argentine and Patagonia. In n* 
spring, curiously enough, they return 
Central America. 

No doubt there has been some hire mt, 
migration ever since birds wei e bu ^ 
but ecjually without doubt it was the advanct 
and the retreat of the ice that have ma ' 
migration an important part ol bird * • 
For in an equable period migration m 
only be of small extent; and 
great equatorward thrust of the 
and their subsequent retreat, the 
over of the northernmost breeders to wi 
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the equator than thos; of 
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farther south would never 


’’mr -’"d of the Ice Age 

marked effects on the general 
' ‘ • )th of animals and of plants, 

arctic latitudes. For 




and 

/i„ ihr temperate regions of the Old 
u rid to-(li>v. ihe flowers and trees are less 
Ir those of pre-glacial times than is the case 
Amerif.i- In America, the vegetable 
"L'v eoiilcl simply creep south, and then 
-rrep noiih ogain when the ice allowed. 
Bui iTi the Old World there are ranges of 
,„„iinttiiiis running east and west— Alps, 
t'liietisus, Allas. The plants were caught 
biuHeeii two jaws of ice, and many were 
rumniiiated, ' so that after the Ice Age 
,, ninrr r.idical recolonization was necessary. 
1 ji the most diverse regions, however, there 
u.is a widcs]iread extinction of types, chiefly 
f,l animals ; but of this we have already 
spoken. 

The changes of level, too, have played 
iheii part. We will give one example of the 
roniplirated business of post-glacial colon- 
17.111011— how that part of the European 
roiitirient which has now been cut oflf' as 
ihe British Isles was re-stocked after the Ice 
A',ie. The first main element in their 
popiiJation comes from the arctic and sub- 
arriic animals and plants which in the Ice 
lived in wlial was then the northernmost 
inhabitable belt, from South England and 
Northern France along through Central 
Luiope. When the ice retreated these 


tnit;r.Ued northwards. Some have died out, 
fillers survive in the mountains of Wales and 
Ncollaiid. On the lops of a few Scottish 
mountains, such as Ben Lawers, little rock- 
!i>irderis o| glacial-relict plants are found, 
'vhich are otherwise confined to the arctic 
"t U) the high Alps. The red grouse and 
me ptarmigan are examples from birds, the 
meiir hare from mammals. The arctic 
hare is also found on the Alps, the Pyrenees, 
mid the Caucasus — islands of cold to which 
eould retreat, like the plants on the tops 
p ‘^ff>ttish mountains, as warmth invaded 
^utope^^ I he most southerly region, apart 
loin the high mountains, where the arctic 
exists is Ireland. Apparently it was 
mia )le (0 leave Ireland for the north bc- 
as Scharff puts it in his interesting 
distribution, European Animals, 
^^^d become an island before the 
int!^ ” become aware of the fact.” 
. ^ hare had got into Ireland, its 

arer^>^**^ J^ight have made life hard for its 
hitive ; but it was prevented from 


entering in the same \vay as the arctic hare 
was prevented from leaving. 

Then there was an invasion along the 
westernmost Atlantic coast, an invasion of 
forms that love the moist and equable 
oceanic climate. This invasion connects 
Portugal and Spain with Ireland and Corn- 
wall and occasional patches of the west coast 
of Wales and Scotland. These plants and 
animals must have crept up from the 
Portuguese coasts, across the shore of the 
western bay that then joined England and 
Brittany, and round to the west of Ireland. 
The strawberry tree, so familiar in Mediter- 
ranean countries, is one of the plants that 
has reached Ireland in this way ; the Mediter- 
ranean heather and the pretty saxifrage 
called London Pride are two others. The 
Lizard Point in Cornwall is covered with 
another kind of heather that is found no- 
where else in Britain, but abundantly on 
parts of the west coast of France and in the 
Mediterranean, and there are plenty of other 
examples. Among animals there is a claret- 
coloured woodlouse and a spotted slug, both 
found in the Spanish Peninsula, and in Ire- 
land, but not in Britain or Northern France. 

Meanwhile, however, the greatest invasion 
was coming from the south-east and east. 
The mole, the roe- and the red-deer, the 
common sand-lizard, and the stag-beetle are 
examples ; indeed, the bulk of Britain’s 
animals and plants, like the bulk of its 
human population, arrived from the cast. 

But the spread of a species is a slow process ; 
and while this secular migration was going 
on, the land was sinking. Ireland was first 
cut off from Britain, and then Britain from 
the Continent. Many of the eastern army 
that had got to England found their way to 
Ireland barred because they had been too 
slow. Most people are aware that there are 
no snakes in Ireland. This, however, is not 
St. Patrick’s doing, but due to the too early 
appearance of the Irish Channel. Many 
other creatures besides snakes failed to reach 
Ireland. The common hare is not found 
there, nor the mole, nor the roe-deer ; nor 
were there ever any Irish beavers. There 
are great gaps, too, among the flowering 
plants, Ireland possessing only about two- 
thirds as many kinds as Britain. 

But just the same thing happened again 
when the English Channel was formed ; 
the slower-spreading among the land-animals 
from the east were held up at the frontier. 
Scandinavia was not cut off from the rest 
of Europe ; and so, in spite of its inhospitable 
climate, it has almost sixty species of land- 
mammals, while Britain has only about forty, 

491 



BOOK 5 


THE SCIENCE OF LIFE 


G H A 


pter 


and Ireland about twenty-five. Belgium, gibing up roots. We may call ih u 
just across the Channel, has been colonized flints.” Quite manifestly thc\ 
since the Ice Age by twenty-two species of or most ^ the equipment of th^ir 
reptiles and amphibians ; only thirteen of But all their tools ctf wood hav( 
these have reached Britain, and only four rotted away and only one bniu 
have got to Ireland. of the time has survived. Otu- vef 

We have said enough to show what inter- wooden spear, from Clacton, has W ^ 
esting problems in the migration and distribu- ascribed to this period, but probahlv \ i 
tion of animals and plants , the Ice Age has , to the next Age. ^ ^ 

left us to unravel. Now we must take up These tools are hardly ever found m 

our main stpry again, and go back to the *i 

first glaciation and the intimations of the 
dawn of mankind that are scattered through- 
out the deposits of the Pleistocene Period 
(V E). 


§4 

Traces of Man Before and in 
the Pleistocene Period 

We have already given some account in 
Book 3 of the earlier types of the Hominidae, 
of which modern man, Homo sapiens^ is the 
sole surviving species. Here we propose to 
.add a little more colour and substance to that 
‘first account. As we have explained in the 
first section of this chapter, our material is at 
first almost entirely implements of stone. 

The earliest are of so, rude a construction 
that for a long time it was doubted whether 
they were artificial. It is now generally 
admitted that certain of them have been 
l^chippcd purposely. They are called Eoliths. 
They are found in the earliest Pleistocene and 
even back in Pliocene deposits (V D). 
Over a period of hundreds of thousands of 
years, it seems, some creature was chipping 
stones to a rough but serviceable edge, 
probably* in order to hack wood more con- 
veniently. It is possible that the Piltdown 
man, of the two known individuals of which 
we have told in Book 3, was the maker, or one 
of the makers, of Eoliths. But we have no 
absolute proof of that. 

Succeeding the Eoliths in the geological 
record are a series of big and clumsy imple- 
ments known (from the spot in France where 
they were first abundantly discovered) as the 
Chellean type of implements. They pass by 
gradations into a still massive but far better 
worked type, known as the Acheulean type. 
These implements were made by chipping 
bits off a flint which was already more or less 
of the desired shape. The bits were thrown 
away. These shaped flints are often called 
hand-axes, and seem certainly to have been 
held, unhafted, in the hand ; but it is more 
probable that they served, like the not 
dissimilar implements of the modern 
Tasmanians, for the peaceable purpose of 

m 


(there are exceptions in the caves c»f Britain 
such as Kent’s Hole), but mostly in i\l 
gravels laid down by the rivers ol' that time 
Their possessors must have lived in the open 
In all probability they inhabited EuropVin 
the periods of intermission during the^ first 
and second glaciations (g 1 and g 2) and 
during the entire interglacial period (i-g). 
We may imagine these submen hunting 
along the banks of the well-wooded riven of 
those long ages of mitigation, camping under ^ 
a wind-break of boughs at the edge of the 
wood, occasionally settling down for a spell 
(as we know from sites whose acrumulated 
debris testifies to long occupation), stalking 
the deer that came down to drink, grubbing 
themselves roots in the glades. 

Still there remain question-marks against 
their physical form. We have told of the 
remains of Heidelberg man in Chapter 3. 
Was he, or was Eoanthropus, the fabricator 
of the Chellean and Acheulean fist-flints ? | 
We v^ould give a great deal to know what : 
were the relations of the Piltdown creature, 
with its huge dog-teeth but small forehead, 
with the Heidelberg men, definitely human 
in their teeth, but amazingly massivc-jawed, 
and probably slow-spoken. I'hc two species 
were certainly very different in construction, 
and yet the types of flints we find are 
remarkably uniform. Were the flints made 
by only one of these two kinds of sub- 
men, or did both live the same kind of 
life ? Or was neither type responsible for 
these artifacts ? We do not know ; hcit is 
another secret that may yet be revealed to 
some fortunate worker. There may w a 
score of genera or species of Hominid® sti 
hidden unsuspected in the Pleistocene de* 

However that may be, the fact remains that 
throughout the larger part of the Pleistocen 
Period, for anything Dctwecn 300,000 an 
400,000 years, the only human or qna 
human life of which we have evidence 
of these Chellean and Acheulean 
ment-makers. Age after age they > 
content '"^th the same unchang^g 
implements and the same invariable luc 
implements indicate. 
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• „„iv when we come to the period of 
=,[’ the second glaciation (g 2 ) 
intimations of a new and much 


that 


The 


type of Homo appear, 
uiltiire ends and a different one 
1 1 is not as if the Acheulean men 
'^submen developed into the new race ; 

Keulea./ altogether. And now we find 
kP etons in close relation to the tools their 
owners made, and we are no longer in any 
Houbt ot' their authorship. 

There is an abrupt break at this point. The 
Chcllean types develop age by age by imper- 
ceptible degrees into the Acheulean. But 
the Acheulean types do not develop with 
any such gradualness into their successors. 
They end and something new begins. The 
new stone tools of the later Pleistocene 
V E g 2 b) are of quite a different pattern 
iliogether, and made in a different way. 
When you work a flint, you chip off flakes 
from a central core. All the fist-flints had 
been shaped from that core, and typically the 
flakes were waste ; though in Acheulean 
limes there was some utilization of flakes as 
well. But almost all the new tools were made 
from the flakes, and it was the cores that 
were rejected. The implements were ac- 
cordingly flat on one side, more rounded on 
the other. They were never nearly as 
massive as the earlier tools, but they could 
l)c made much more quickly and in greater 
numbers. The particular type of implement 
of this age is very characteristic, and it is 
called Mousierian, 

The men who made them had also dis- 
covered how to add deadliness to their spears 
by tipping them with flint points, and it was 
perhaps this which allowed their race to 
spread over the whole of Europe. For new- 
comers they undoubtedly were. Not only 
^vas their method of flint-working and flint- 
^ing new, but the men of the new culture 
were of a new and different species, Homo 
^anderthalerisis. know more about these 
Neanderthalers than about any other men of 
Old Stone Age, and this for two reasons : 
jney lived chiefly in caves, and they (often at 
buried their dead. 

We could revive one to-day we should see 
P short man, with big body carried a little 
orward on short and rather bent legs. We 
“ short,*’ not “ little ** ; he was a decidedly 
^a^ive creature. The head, with its power- 
and big face, hangs a little forward 
jJJJhe neck, so that both in attitude and in 
^ jV projwrtions he is definitely more 
j^'like than any htiman-bcing alive to-day, 
fiice is not only big, but the jaws protrude 


so as almost to merit the term “ muzzle,*^ 
and the chin is still very poorly developed. 
The eyes look out from under a great bony 
pent-house, over which tumbles shaggy hair. 
The brain-pan is big, but big in the wrong 
place, for the forehead is low and receding. 
He takes a step towards us, and we notice 
that he puts most of the weight on the outer 
edge, instead of flat on the sole, in this too 
revealing his intermediacy between ape and 
modern man. 

There is a good deal of evidence that these 
extremely unprepossessing savages had been 
established for some time in Eastern Europe, 
from the Rhine eastwards, before they spread 
into the west. Of their original home we 
know nothing certain, but we may hazard a 
guess that it was in Asia. The fact that they 
lived in caves is enough to suggest that the 
climate of their time was cold, and this is 
confirmed by the kinds of animals found with 
their remains. 

Each glacial thrust was preceded by a rise 
of the land and a world-wide change of, 
climate. The Neanderthalers’ appearance 
followed the intermission of the second phase 
of glaciation. In all probability ili^was the 
last return of severe conditions, the second 
push of the ice during the second main 
glaciation (g 2 b), which drove them from their 
original eastern homes. Some migrated west- 
wards, to the milder seashore climate of 
France and Spain, ousting the men who made^ 
the Acheulean fist-flints. Whether these 
latter were killed in fight or, as is more 
probable, driven by competition into moun- 
tainous regions, there to die out as the last 
cold intensified, we do not know. We know 
as little of their fate as we do of their build 
and appearance. These earlier men remain 
tantalizingly hidden from the constructive 
imagination. 

The ascendant Neanderthal stock of the 
late Pleistocene inhabited Syria and Pales- 
tine ; a well-preserved Neanderthal skull 
comes from Galilee. The invaders must have 
crossed over one or other of the land-bridges 
to Africa, for typical Mousterian flints have 
been found both in Algeria and in Egypt. 
Perhaps some of them spread southwards 
over the African continent. At any rate, 
the celebrated Broken Hill skull from 
Rhodesia, though it probably dates from 
much later, perhaps even after the end of the 
Ice Age, has certain Neanderthal features, 
such as the huge brow-ridges. The Ncandcr-^ 
thal man was a hunter. We find the bones 
of the animals he ate, which include the 
bison, the mammoth, die reindeer, and the 
wild horse ; we know he cooked over a fire ; 
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wc know he used flint saws to cut up his 
joints of meat and flint knives to scrape the 
flesh off the bones. He lived in Europe for 
the tens of thousands of years of a long, cold 
period, but soon after its close and within 
some twenty thousand years from now, he 
gave way to another type of the genus — 
Homo sapiens i modern man. 

§ 5 

The Advent of Modern Man 

After the cessation of the Mousterian flints 
we find no more remains of Neanderthal man 
with his bent thighs and heavy jowl and great 
brow-ridges. All subsequent skeletons, how- 
ever different from each other in detail, differ 
no more than do the existing races of man ; 
they can all justifiably be called Modern 
Man, Homo sapiens. 

This age of returning warmth and of a 
steady northward extension of life, was an 
age of comparative change and progress. In 
its first period men still hunted with weapons 
of Old Stone Age type ; stones chipped and 
unpolished. Then, in some parts of the 
world at least, came a period with imple- 
ments intermediate between the Old Stone 
Age type and those of what is called the 
New Stone Age, now generally called the 
Mesolithic or Middle Stone Age ; and then 
followed the actual Neolithic Age with im- 
plements of polished stone, with agriculture 
and a settled life, and metal and civilization 
fast on its heels. For the purpose of this 
chapter we will restrict ourselves to the first 
of these three periods. We will not carry on 
into the beginnings of actual history. The 
men whose skeletons remain to us from this 
time, though modern men, were often prim- 
itive in this or that respect when compared 
with men of to-day. Their jaws were usually 
more powerful, they sometimes had brow- 
ridges (though never nearly so marked as in 
the Neanderthalers), the chin was not always 
so definite as to-day, and they were generally 
longer-headed. But almost without excep- 
tion they had straight leg-bones and walked 
fully erect, not with bent knees ; they had 
high foreheads, and the size of their brain 
was well within the limits normal to man 
to-day. Their great variability indicates 
that evolution was in rapid progress among 
them. That evolution has led on in the most 
advanced types of modern men to a smooth- 
ing away of the brow-ridges, a reduction of 
the jaws, an accentuation of the chin, and a 
general broadening of the head. 

These late Paleolithic men, like the 
Neanderthalers, frequented caves and rock- 
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shelters. They were savages 
cleverer savages than thei 


, but 
Ptedeci 


n^uch 


They passed through three 
culture. The first is called "f 

in which period the flint-flake was li 
to a new perfection and we fimi c 
mains of definite human art. 
we have traces of the lesthetic impulse In ,h’ 
unnecessary fineness of chippine somrilrl 
bestowed on flint tools ; from now w®? 
we find personal ornaments, tarved a ] 
patterned tools, drawings, paintings Z 
sculpture. The second period is called 
Solutrean ; here a fresh type of llmt instru 
ment appears, called laurel-leaf, from ns 
shape, in which the technique of 
working reaches its highest triuinpb, and 
then comes the Magdalenian, in which hone 
largely replaces flint as material for imp],; 
ments, and the flint technique degencraies, 
It is from this time, however, that tliere ddie 
the most remarkable drawings, paintings and i 
sculptures which prehistoric man has leit nv 
Many of the best-known dwelling-places of 
these men are in Southern France and noith- 
ernmost Spain ; but quite recently caves (nil 
of relics of Aurignacian and Magdaleman 
people have been found in Palestine. 

Aurignacian man seems undoubtedh to 
have come to Europe from Africa across tin 
land-bridges of which Sicily and ItaK arc 
to-day the remains. He must have found tin 
Neanderthalers still there, and the ditferciKc 
between modern man and his more brinish 
predecessor was not so great as to prevent 
some traffic between them ; for the earliest 
Aurignacian flints found in France shovs 
definite traces of the Neanderthal type oi 
workmanship. It is an open question 
whether the two species mixed and intet- 
bred. If they did, then we have Neaiiderihal 
heredity among our genes to-day. 

The Solutrean Period was, it scerns, an 
interlude, an irruption of a race ol Imnterj 
from the eastern steppes following the trail 
of great hordes of wild hopes, who.se bonr^ 
are found in vast numbers in some of the 
caverns they inhabited. It seems to have 
been a change of climate that drove ihem 
and the wild horses westwards, and a iresr 
change that drew them eastwards home 
again. The men of the Magdaleniaii culture 
seem to have been the old Aurignacian tnlH^ 
who returned to their old haunts v\ith ne^ 
methods and habits when the Siduimam 


withdrew. , . 

The climate of the world was still oor 
in the Aiirignacian and Solutrean IVrr 
and the reindeer was the charai 
animal of the central belt of Europe, w itn t 
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h ,„d the woolly rhinoceros and the 
; .rnivores : cave-bear, cave- 
^iiNciia. The land was largely open 
rM«s' oscillating between tundra and 
„),ai forests there existed were dark 
f The green belt was still 

till south. But in the Magdalenian 
^H-ady amelioration of climate set 
'■"‘o’ak foiests spread over Central Europe, 
" ‘ the iiiiies northwards. The reindeer 

\rd iiurih with the pine, the mammoth 
ii,,. Moolly rhinoceros and all the cave- 
!' “sL, niadually died out, giving place to 
,„;;f familiar creatures. The age of the 
iin-rs ill Europe was passing, and the 


period of cultivation and settlement was at 
hand. 

But here we do not propose to follow up the 
extraordinary expansion of our species that 
now begins. In twenty thousand years or 
less, that not very abundant prowling animal 
made itself lord of the world and covered 
the earth with its habitations. With this 
expansion of Homo sapiens from the Magdalen- 
ian Age onward we shall deal in our con- 
cluding book upon the special biology of 
mankind. We end this strange eventful 
history of life here at the point when the sun 
of humanity rises upon the world and the 
dawn of man gives place to day. 
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HABITATS 


, , and of Life. 

^ of ailing a Ltkng. § 4 - 


§ 2 . Habitats and Their Inhabitants. § 3 . Ways 
The Adjustment of Inhabitant to Habitat. 


§ I 

]\’,iys and Worlds of Life 

rt^u\' hoim- of Mr. Everyman is a house in 
1 he suburbs, between city and country, 
i a Utile sarden attached. It is tlte 
home of the civilized man. This 
’" ‘r portion of the earth’s surface is the 
;,,|r of., multitude of living creatures, each 
illinn Its own biological destiny as best 
„i IV bach has its own way of life, each 
; luiiits its own private world. Each lives 
,,||.ccutredly- the other existences with 
„l„(h Its own intersect are for the most 
„„t even suspected. And yet the whole 
'Mciuhlage of lives is biologically entwined ; 

ms an interlocking whole. 

Ill this little domain there live Mr. and 
Mrs KviTyman, with their son, Master 
lA(T\m.ni, one domestic servant, a tabby ait 
,iiid il fox-terrier. Mrs. Everyman looks alter 
ihc flowers, while Mr. Everyman makes him- 
scll irs])()iisiblc for the small vegetable plot 
:ii th(‘ liir end of the garden. Here also 
M.istn Iweryrnan has a couple of hutches 
\Mili rai)bils. 

Ml. Fiveryman is an active member ol a 
economic community. He goes oh 
ivciy morning to work or business. Mrs. 
lAiTyman is, as the phrase goes, “ economic- 
alK dependent ; ” but she is the head of the 
litile family world. The domestic life of the 
(oiiple is on the whole exemplary — harmon- 
ious and agreeable. But Mr. Everyman 
liiids It all but impossible to make his wile 
f«ib- an interest in business, while she finds 
liiiii somewhat impervious in matters of dress 
"id in local church affairs. The two get 
on very well together, but every nov/ and 
difu one of them is arrested before a gulf of 
inroniprchension of the other’s secret being. 

As for Master Everyman, he is a source of 
ininglrd pride and trouble. Both his 
Pdrents have really quite forgotten what it 
like to be eight years old, and their idea 
‘^1 liis private world, consisting as it does 
'>1 a frw meagre recollections, stuffed with 
•'nsr-colt )arcd retrospective sentiment, inflated 
'^’ith <i(lult morality and with parental 
^itihition for their offspring, is very far from 
‘^dyinu with the reality. " He pursues his own 
ol life as best he may. 

So does the maid. Mr. and Mrs. Every- 


man treat her kindly, but they do not make 
much of an effort to understand her peculiar 
inner life nor to discover how she spends her 
time on her evenings out. Her life is 
interlocked with theirs in a hundred ways ; 
but it remains intensely separate. * 

And when we come to the sub-human 
inhabitants the separateness and the mutual 
incomprehension increase. The Everyman 
fox-terrier is an affectionate dog, with the 
strong sympathy for his human master which 
so strangely characterizes the domesticated 
canine mind. He cringes to a reproof, is 
seized with tail-wagging at a cheerful word, 
and is thrown into a paroxysm of wriggling 
sentiment by forgiveness after a misdemean- 
our. But when he escapes from this human 
liaison, into what queer diversity of existence 
he plunges ! An orgy of smells, a delightful 
rummaging in ordures, the strange but 
rigorous canine social life with its olfactory 
etiquette. 

The cat is even further removed from its 
human masters. It likes being stroked, but 
that is almost its only rapport. It is an alieii 
firing, with its slit-like eyes and nocturnal 
habits. It is perhaps most alien when, 
impelled by love, it howls and caterwauls 
upon the roof. But it exists always in a 
private world which only includes the Every- 
mans in an objective, physical way. 

A great part of its interest is concentrated 
upon Mr. Everymouse and his family, who 
for some years have been established behind 
the wainscoting. Their life is a timid, 
twittering thing--pattering expeditions, lured 
on by good smells, out into the open kitchen 
or larder, with scumes and rushes back into 
holes and the dark safety within. Puss 
meanwhile is wound up by the smell o 
mouse into a special feline activity -long 
periods of intent watching at holes, twitchmgs 
of tail, alertness to pounce. , , , , 

The rabbits in the garden lead the most 
subordinate lives of all Mr. Everyman s 
hangers-on. Their very ratings are con- 
trolled. What docs Buck Rabbit think 
about it when he is ignoininiously lifted by 
the ears and put, scuffling and kicking, with 
a doe he has never seen ? We do not know. 
Probably he does not think about it at a t. 
But he fulfils his biological duty, and presently 
there is a litter of little rabbits to continue 
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the nosc-twitching accqDtance of cabbagc- 
Icavcs in the back-garden hutch. 

The cabbages are grown by Mr. Everyman 
in the plot near the rabbits. They are 
organisms, too. But if they have an interior 
world it is so dim as not to be worth bother- 
ing about, so vegetable as to be meaningless 
to an active animal organism like one of the 
Everymans. 

Master Everyman was much excited last 
summer by finding a chrysalis on the fence 
near the cabbages. His father, quite cor- 
rc^ly, told him it belonged to a Cabbage- 
White butterfly, and it was carefully put into 
a box and looked at every day. But instead 
of producing a butterfly, the chrysalis be- 
came studded with a lot of little white 
cylinders, and out of each of these there 
patched a lean and unpleasant-looking fly. 
Master Everyman was bitterly disappointed. 
He wanted to see the butterfly. It was no 
consolation to him that he had witnessed a 
remarkable case of parasitism. The flies 
were ichneumon flies. Their parent had laid 
its eggs in the white butterfly’s caterpillar, 
and the grubs into which they hatched had 
devoured it from the inside. 

Some years ago Mr. Everyman planted 
four little apple-trees at the end of the 
flower garden, and now he is very proud 
because he gets seven or eight nice apples 
off each tree every autumn. He congratu- 
lates himself, but he forgets to thank the 
bees. If it were not for these pertinacious 
little creatures, which visit his garden every 
fine day from a hive over a mile away, his 
apple blossom would not have been fertilized 
and he would have had no apples. 

He is also quite oblivious of his other garden 
allies. He knows, of course, that there are 
plenty of fat, juicy earthworms in the soil 
he digs over ; but, if he gives the matter a 
thought, he supposes that the benefit is 
all on one side, and that the worms ought to 
thank him for the provision of a home so 
admirably suited to their needs. Had he, 
however, read Mr. Darwin’s delightful book 
on the subject he would realize that the 
benefit is mutual. The worms cannot thank 
him ; they do not and cannot know of his 
cj^tence. Even should he cut them in half, 
with his spade, all they can know is the fact 
of the bisection. However, they pursue 
their own existence, and in the course of that 
existence they aerate the soil with their 
burrows, they help to drain it. They are all 
the time breaking the earth up into the finest 
soil they cat their way through it and 
bringing material from the de&er layers to 
the surface in their castings. Mr, Everyman 
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worms, but he does not suspect .h • "*‘- 

oimce of soil there exist literal!- hi!," 
millions of bacteria, and tli.| 
chemical activities dp^nds the f.' vtil re" 
garden. Nor doesle know tha, tl 
scopic flora has its microscopic ell"' 
Prowling through the soil are u.num 
^all amoebai which ive on the bacS 
They are all aquatic, but they arc 50 small 
that they can travel about contforlablH 
the invisible film of water which ! 
every gram in ordinary moist soil : if the sol 
dries up, the bacteria and their enemies alik 
pass into a passive resting stage. He k 
quite certainly unaware of the fact estab* 
lished by the Rothamsted Experimental 
Station, that the partial disinfection of the 
soil, or its partial sterilization by heat, will 
leave most of the bacteria alive but kill most 
of their protozoan enemies, and that this will 
promote fertility. If he had a greenhouse 
this fact might be of considerable importance; 
greenhouse soil often goes “ sick,” and it used 
to be the practice to throw it away and ^et 
fresh soil in. But we now know that the 
condition is due to too many protozoa and 
that killing them by heat will very cheaply 
restore the soil’s fertility. 

We must not forget Mrs. Everyman's 
pretty flowers. They charm the senses by 
their colour and smell — an apparently un- 
necessary gift of beauty ; they appeal by their 
tender green and their punctual growtli, 
their Teachings upward to the light. The 
Everymans, however, have probably never 
reflected that the green is life’s badge of 
factory labour, the outward and visible signi 
of an inward chemical grace; that the 
plants’ ways of sprouting and growing have 
been imposed on them during evolution by 
the unceasing struggle for moisture and light, 
in which millions that did not come up to 
the standards of their environment have been 
ruthlessly massacred ; and that the beauties 
of their flowers have a purely commercial 
basis as advertisement to insects. Taking 
this as a basis, man has stepped in and con* 
structed biological monstrosities. Genera- 
tions of gardeners and seedsmen have 
laboured to produce double flowers that arc 
sterile because all their reproductive 
have been converted into mere showy 
petals ; to manufacture plants, like many 

roses, that can only be continued by the 

unnatural process of grafting ; to bring into j 
existence delicate strains that would never 
have a diance in nature. In garden 
man has taken beauties generated by^ haro 
necessity and distorted diem to serve 
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HABITATS 

and emotional ends. Biolog- This we did by concentrating our attention 
own garden flowers are parasites on constructional plan and leaving way of 

jcally assthetic longings, life out of consideration. The fish-like 

on tlir ’ fl(5YVcrs there arc the weeds, whales and porpoises were put with the 
Resides apace, <|nd Mrs. Everyman mammals, the snake-like slow- worm with the 
111 nasty plants were lizards. But every organism, if it must have 

Qfien woiH < n weeds’ extraordinary its own plan of construction, must also live 

creat(*d- ^.^wing themselves and coming in its own way. And now the opposite aspect 
capacity ^ wanted is no less a of the variety concerns us ; we are interested 

up whert ^ ^ selection than the in function more than structure, and are 

product o iiQwers, and what are weeds seeking a principle to help us classify crea- 
coiours 0 essential elements in natural lures not by their blood-relationship but by 

bare patch on the face of their ways of life. What interests now aoout 
vegrta 101^- (decades covered with rich whales is not their past derivation fromland- 

atvfffcnation again ; and what we call mammals, although this has left its impress 
are among the most important colon- indelibly upon their construction, but their 
i \)f unoccupied soil, preparing it for marine way of life, and the fact that some are 
' tvnes paving the way for the full adapted to straining off tiny Crustacea and 
r lax of plant-life. molluscs from the sea-water, while others are 

^ '\nMet us omit the ubiquitous bacteria and fiercely and frankly carnivorous, 
moulds and other microbes. Their spores The simplifying idea which serves us here 
floal in every breath of air Mr. Everyman is also an evolutionary one. It is the idea 
breathes lie settled in every dusty corner, of the moulding force exerted, directly or 
They turn his meat bad in hot weather, they indirectly, upon the organism by its environ- 
soiir'his milk without a by-your-leave, they ment and its method of gaming a livelihood, 
turn his bread mouldy if he leaves it too Life is often thought of as insurgent, a rebel 
damp A new strain of influenza microbes, rising against the limitations itnposed upon 
started maybe in North-west Canada, or in it by outer nature and surmounting them. In 
Central Asia, sweeps across the world. The our preceding Book, we stressed that aspect 
minute specks of disease-producing life infect of life. But if progress and the overcoming 
Mr Everyman as he travels to business ; he of difficulties by what we may metaphon- 
brings them home and they pullulate in cally call biological invention are the cardinal 
triumph through the bodies of his wife, son, aspects of life when looked at in the per- 
and servant. spective of geological time, quite other 

And wc had almost forgotten to tell you aspects loom largest when we survey it ^ 
that the dog has worms ; that introduces it is spread over the surface of the globe 

another large category of animals to add to to-day. To such inspection, the mam types 

this suburban menagerie. of life — ^phyla, classes, orders appear ^ de- 

finitely established and fundamental things ; ^ 
§ 2 the rare “ biological inventions ” of life 

r L L- have taken place in the past and wc take 

Habitats and Their Inhabitants granted; what chiefly strike us 

All this variety of ways of living exists in in the present are the various ways in which 
one* little patch of earth’s surface. We must these leading patterns have been adapted 
multiply it many thousandfold if we take to different detailed conditions, the extra- 
in the whole earth, with all its innumerable ordinary plasticity of each of the main types 
habitats, from pole to equator, jungle to of life’s construction under the influence of 
desert, high mountain to deep sea. The different habitats. 

result is overwhelming : our minds cannot In considering this plasticity and its results, 
hold its abundance without the aid of some there are two moulding forces which ^ve to 
principle of arrangement. Confronted with be taken into account. One is the effc^ ot 
the same difficulty when we set about the the organism’s habitat, the other the 
descriptive cataloguing of the many hun- of its way of life within that habitat. All 
dreds of thousands of living things, we found animals and plants that live in the surface 
drat a classification based on resemblance in zone of the sea must in some way or other be 
structural plan brought order into the chaos, able to keep themselves froin sinbng ; all 
^ith this to guide us, we could pigeon-hole cave-animab must be adapted, to darkness ; 
^rrr creatures, could bri^de them into groups, all intestinal parasites to a shortage of 
t^ould systematize the crowd into an evolution- oxygen. But in the surface la'j^rs of the 
^ army in which each had its definite place, sea one animal swims, another floats ; one 
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sifts and cats microscopic plants, another 
catches and devours large animals. In the 
intestinje one parasite anchors itself, another 
wriggles freely about ; one absorbs ready- 
digested food, another eats it when only 
half-dig^tcd. Our first and main simpli- 
fication will be to divide the realm of life 
into a number of habitats, each with its own 
distinctive conditions ; and then to study 
the way in which the animals and plants have 
become adapted to these conditions — in brief, 
how the habitat moulds its inhabitants. 

Besides this, we shall also have to take 
some account of the different ways of life 
possible within each habitat, and see how 
they too mould the creatures which adopt 
them. But different ways of life are linked 
together. Carnivore eats herbivore, her- 
bivore eats plants, plants live largely on the 
products of animals and their decay. 
Brought back from a contemplation of the 
variety of life to its inter-relations and to its 
unity, we shall find ourselves devoting the 
concluding chapters of this Book to what we 
may call the Economics of Life, the science 
of vital interconnexions which is called 
Ecology. But our first business is to set 
forth some of the varied spectacles of life that 
are revealed as wepass from habitat to habitat. 

It is true that the biosphere, as the life- 
inhabited zone of earth is sometimes styled, 
is a mere skin. About ninety-nine hun- 
dredths of living things are crowded into a 
“ life-skin ” not more than a thousandth of 
the earth’s radius in thickness, and occupying 
about one-third of one per cent, of its volume. 
Such a skin on a regulation-size Association 
football would be less than a two-hundredth 
of an inch thick. Even if we take in the rare 
extremes, this thickness need only be multi- 
plied by four or at most five. In spite of 
this, the biosphere skin is extremely varied 
in the homes it offers to life. There are first 
the differences in medium ~ air, earth, water ; 
differences in salinity from almost pure water 
to the Dead Sea’s more than twenty per cent, 
of salts ; differences in temperature from 
hot springs that are nearly boiling down to 
many degrees below freezing ; differences in 
pressure from well below half an atmosphere 
pn high mountains to several hundred atmo- 
ipheres in the deep sea ; differences in light 
from the intense tropical sun to the utter 
darkness of caves, of the oceanic abyss or 
of an animal’s gut. And all these various 
differences of temperature, light and pres- 
sure, of climate and situation, may be com- 
bined in an almost bewildering multiplicity 
to pve the actual habitats in which animals 
and plants live out their lives. Of these we 
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need not here give any d,-,., a c.r f 
classification ; but before \ , 

description, it will be as well ; , ;,™i 
selves of the chief kinds of hal. 1 
for life. - ' 

The ownal home of life wa . waw 

both the firm bottom and all ihe vast 7 ' 
cession of layers of open water in which tf 
must float or swim. 


As the shore is approached, and the in 
fluence of the tides and the waves is felt 
conditions change, and a multiplicity of new 
habitats are provided. Climate too makes 
itself felt ; there are no coral reefs in thr 
arctic. And here and there special conditions 
make special habitats, such as that weed^ 
Atlantic slackwater known as the Sarf;as.^o 
Sea. 


Then there is brackish water, hridirim, 
the gap between the habitats of the sea and 
of inland waters. Inland waters, in sjiite oi 
their small extent in comparison with the mm. 
provide an amazing diversity of habit.iK 
There are salt lakes far saltier than the sc.i. 
there are almost saltless rivers, 'riiere an' 
hot springs, and arctic waters that spend iiiosi 
of their time as ice. There aie rLiiinin» 
waters of all degrees of turbiilenct', .nid 
there are deep and cpiiet rivers. Then 
are lakes big enough to be oceans in ininia- 
turc, with their own deep-water unillumiii- 
ated zone and their various layers of Inr- 
floating and free-swirnming life. And troiu 
these huge bodies of water there is even 
gradation down through ponds and pooh, 
to temporary puddles, to the Lilliputian lakes 
that collect in the hollows of old trees tind lo 
the mere films of water on leaves or slicks or 
between grains of soil, that can still harboui 
microscopic swimming life. 

As lagoons and estuaries connect the worlds 
of sea- and fresh-water, so the worlds of 
water and land are connected by the transi- 
tion zones of shore, of temporary pooKo 
swamps and marshes and mud-flats ; and a 
these linking habitats will be dineientN 
populated according as they are fresh oi sa t. 

The habitats provided by land are penaps 
the most varied of all. There is the 
world of the soil itself, comprising tne 
animals and plants wholly or 
fined to a life below ground, ^ 
or burrowing through the earth. 
greater number of land-habitats cliilcr p 
foundly from those of water in being 
cally restricted lo two dimensions onh • ^ 

over the ^Surface that divides earth 
Aquatic life exists in three 
land-life is like a film. The inhabitant^ o 



HABITATS 


• 7011C according to climate far 

(1,, those of the sea, even of the 
.j n , So far as land-plants are con- 
is the overruling factor, and 
classification .of their habitats 
L drawn on climatic Unes. We have 
habitats, sub-arctic, temperate, sub- 
nical and tropical ; besides these zonal 
there arc divisions according to 
I inide- plain, hill and mountain. Finally, 
fese habitats can be further classified ac- 
rding to soil conditions. 

With animals, on the other hand, habitats 
,r(> more an affair of the environments 
Provided by plants ; the influence of climate 


ipon them is at one remove. 

One important animal habitat, for in- 
anre, is the arboreal ; the modifications 
idijced by living in trees are more striking 
lan those related to the climate in which the 
,rs happen to grow. In forests, especially 
opical forests, animal as well as plant life is 
i.iiilicd in horizontal layers, almost as in the 
a , there is the tree-top layer, several layers 
t}ir less well-lit habitat of the region below 
(• tops but above the ground, and the 
mind-layer between the trees. 

The characteristic vegetation of steppe, 
Vciiinah, and tundra is the chief agent in 
iking of each of these a distinct aninuil 
hitat ; and the very absence or limitation 
plant-growth in deserts is one of the 
aiaeteristics most important for their 
imal inhabitants. Caves afford a minor 


I interesting habitat to land and to fresh- 
iier life ; and another peculiar habitat is 

II now provided by man, in his buildings 
d yards, his fields and gardens, to special 
K's, like sparrow and cockroach, that can 

w^(' advantage of the opportunities so richly 
provided there. 

Air as a habitat is in a certain sense less 
iniporiant than either earth or water, since 
111) organisms inhabit it permanently, but 
1 only between terrestrial or aquatic interludes. 

1 • rveriheless, it exerts a potent moulding 
Dree upon the creatures who have taken, 
owever temporarily, to existence in its 
Jtiedium, and may properly rank as one of the 
^rger habitat divisions of the earth. The less 
emporary and occasional, however, is the 
W of a creature in air, the less does any 
laivision of aerial habitat become possible 
It ; and it is symptomatic that the greatest 
fou V range over the earth’s surface 
birH p<^n-human species occur in the 

^ obverse of the 

of fi satisfactory classification 

fj. '‘“f' creatures is by the habitats they 
when not in the air — water-birds and 


water-insects against land-birds and land- 
insects, and so on. 

There remains one further major type of 
habitat, which is neither earth, Slit nor 
water, but rather fish, flesh or fowl ; it is 
the habitat provided by the living bodies of 
other creatures and occupied by the horde 
of parasites. It is a habitat within a habitat : 
none the less, its moulding effect on its 
parasite inhabitants is striking in the 
extreme. And in variety it does not yield 
to any other main kind of habitat. A 
parasite may be external or internal : it 
may live in or on an animal or a plant : it 
may inhabit blood or muscle or intestine. 

The common frog is an excellent example 
of their variety and abundance : it is a little 
zoological garden of parasite life. Besides 
various kinds of bacteria in its gut, every 
specimen harbours a swarm of big ciliate 
Protozoa of several kinds in its rectum, a 
roundworm and a fluke in its lungs, more , 
flukes in its bladder. Sporozoan parasites 
are common, flagellates occur regularly, fungi 
may attack the skin, and there arc literally 
dozens of rarer parasites of various kinds. 

The world of parasites is a major world of 
life, worthy to rank with the worlds of sea, 
of fresh-water and of land in the number of its 
inhabitants and the variety of their ways of 
living. 

§ 3 

Ways of Getting a Living 

In each habitat, different organisms live in 
different ways. One takes advantage of one 
set of opportunities which the habitat 
provides, another of others. Different crea- 
tures surmount the same difficulties by differ- 
ent methods. Accordingly, even in one and 
the same habitat, there will be many modes 
of life. The modes of life hinge first upon 
food, and then upon reproduction. And since 
the verb to eat is conjugated by life as much 
in the passive as in the active, modes of life 
in relation to food will include not only 
modes of feeding but modes of avoiding being 
fed upon. In this section, however, we shall 
illustrate our point with reference solely to 
ways of feeding. 

The first great division in regard to feeding 
is that between green plant and animal. 
The green plant, strictly speaking, does not 
feed at all ; it makes its own food inside the 
living factories of its cells, taking in the simple 
raw materials it needs from the inorganic 
medium in which it lives. The animal, on 
the other hand, can only utilize carbon and 
nitrogen in ready-made organic form ; it 
profits by the green plant’s labours. 
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t^rciuly ^refeiircd to, such as that of mhitt 
fung^,.ij|j|iich need organic compounds, but 
of a liSbh lower complexity than those re- 
quired by animals ; and the special modes 
of nutrition possible to nitrogen-fixing and 
other forms of bacteria. Every group of 
plants has also its parasitic representatives, 
and in the flowering plants there are some 
which are “ carnivorous.” 

All animals, on the other hand, get their 
food cither directly or at one or more removes 
from green plants. The usual division is into 
herbivores and carnivores, but perhaps the 
best classification is into what may be called 
micro-feeders, which live upon relatively 
minute particles, engulfing them without 
any selection, and macro-feeders, which 
usually select their food, and in any case take 
it in relatively large portions. 

The word relatively is used of set purpose. 
A whalebone whale swims its devouring way 
through swarms of little Crustacea or butter- 
fly snails, taking ten thousand at a gulp. 
It is obviously using a micro-feeding method ; 
yet one of these identical molluscs or Crus- 
tacea, if captured individually by a small fish 
or medusa, would be a victim of macro- 
feeding. 

The most general method of micro-feeding 
is to produce a current of water, usually by 
means of cilia, and then to sift out the con- 
tained food-particles from the current by 
some mechanical device. This is adopted by 
all sponges, sea-squirts and bivalve molluscs, 
many worms, Polyzoa, and other forms, 
including Amphioxus. The other main 
method is based upon chemical iiLStead of 
mechanical sifting. The animal, instead of 
passing a current of water over its tentacles or 
through its gills, eats its way through its sandy, 
earthy, or muddy surroundings, and forces 
a column of the unpromising material 
through its tubular gut ; the digestive juices 
dissolve any nutrient matter present, and this 
is then absorbed, while the remainder is 
passed out at the anus. This is the method 
of earthworms, lugworms, Balanoglossus and 
heart-urchins. 

The essence of these micro-feeding methods 
Is their automatic nature ; the animal does 
not in any way select its meal, but its food is 
simply filtered or digested off from the liquid 
or solid medium in which it happens to lie. 
Occasionally, however, some selection enters 
in ; herrings and whales choose patches of sea 
rich in plankton, and some of the sand-eaters 
appear to reject certain types of particles. 

In general, however, all is grist that comes 
to the micro-feeders* mill, and they are 
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like'the miaute TuSS 

culanans,predoininantlyvegctal)ic caf 

is an axxi^nt, detemuned much more 
size of the organisms eaten than bv ,k ' 
vegetable or animal nature. ^ 

Macro-feeders, on the other hand nf, 

show more specialization in their hxid ’ s ' 

they take large mouthfuls, they need differ™ 
kinds of inouths ,and teeth for anin.al- and 
vegetable-food, and, still more imporJ, 
very different arrangements are required to 
catch and hold an active animal from those 
needed to browse upon stationary and 
unresisting grass or trees. 

Vegetable macro-feeders, however, if less 
interesting in regard to their methods of 
securing their food, show numerous adapta- 
tions for its proper utilization. In the first 
place, the nutritious parts of green plants, 
the cell-contents, are all shut up in their little 
cell-wall boxes, made of cellulose (or even 
of wood), which is as indigestible to almost 
all animals as it is to us. A vegetable-feeding 
animal with no device for breaking open 
these microscopic boxes would be just as 
helpless as we are when all we have to eat is 
a box of sardines and we have lost the opener. 

The usual method of box-opening is 
mechanical trituration ; this may be done bv 
rasping organs, like the radula “ tongue " 
of snails, or by regular grindstones of teeth, 
as in a cow or an elephant, or by grinding 
gizzards, whose grinding power often depends 
on sand or stones deliberately swallowed, as 
with many birds. In addition, bacteria 
may be enlisted to break up the cellulose 
chemically, as in the gut of many hoofed 
mammals. 

Owing to the bulk of cellulose, and the need 
for time to dissolve out the contents ol the 
cell-boxes, the gut of herbivores is, almost 
without exception, relatively longer than that 
of carnivores, and often provided wth 
voluminous outgrowths (like the c^cuin in' 
a rabbit, for instance ; see Fig. 30^^ 
the food may be stored while it is expose 
bacterial action. A 

Most herbivores eat the 

plants, and may be roughly divided accor | 

ing to their method of eating. I here 
grazing types, whose green food, re 
tively small, is spread out over a su > 
examples of these are sheep, hes 
snails, and those small caterpillar 
merely eat away the surface ol 
over which they crawl. |Iter- 

the other hand (though there is ^ 

mediate gradation), in general take po 
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principles, and nowadays it is realized that 
there may be other interpretations for such 
facts as these. 

As an example, let us take the similarity 
of the colour of desert animals to their 
surroundings. This is often very marked ; 
and the older naturalists presumed that it had 
arisen through its conferring on its possessors 
a cloak of comparative invisibility. Later 
students of the problem, however, like P. A. 
Buxton in his Animal Life in Deserts^ point 
out a number of difficulties. The most 
striking, perhaps, is that a number of desert 
animals which arc wholly nocturnal, and 
therefore, one would think, can receive 
neither benefit nor the reverse from their 
coloration, are yet of this same sandiness of 
colour. He therefore concludes that one or 
other of the conditions of desert existence 
must act more directly upon the desert’s 
inhabitants, forcing them to become sandy, 
whether it is advantageous or not. There 
is, in fact, as J. A. Allen long ago pointed out, 
a frequent geographical correlation of a 
more general nature than that between 
deserts and sandy colour, namely, a gradual 
darkening of the colour both of mammals and 
birds with humidity, a lightening with 
aridity ; and it might be supposed that the 
amount of water-vapour in the air directly 
influenced colour. As further complication, 
however, desert creatures closely related 
to sandy-coloured species (and this occurs 
among mammals, birds and insects) may be 
very conspicuous, black being a frcc|uent 
colour ; and yet such animals seem to be 
just as successful as their inconspicuous 
relatives. 

There the problem stands. Upholders of 
the theory of adaptation will urge against 
Buxton’s views that, in the brilliant atmo- 
sphere of the desert, it is just as important 
for an animal to blend with its .surroundings 
on a moonlit night as it would be by day. 
And the supporters of the “ direct action ” 
view must, or course, admit that even if light 
sandy colours were first produced as the result 
of aridity (or some other condition of desert 
climate) , with no reference to their biological 
value, yet when produced they would be 
likely to have biological value for many 
species, and would therefore be perpetuated. 
Their concealing qualities could later be 
perfected by Natural Selection if appropriate 
mutations turned up. 

The temptation to interpret the facts in 
terms of the inheritance of acquired char- 
acters is a strong one. It is true, as Beebe 
showed, that in some species humidity and 
aridity have a direct effect upon the colour 
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of individuals. This is so, for i - stan 
the dove, Scardafella inca, whidi whor 
a very moist atmosphere gracln ,liv. ! 
the dark colour characteristi( of 
species found naturally in inoistrr 
But in certain other examples, such^^'r 
American deer-mice of the genus P ^ 
myscus, the case is different. I'he va 
sub-species of the common Calii.n riian 7 '^'' 
mouse show a considerable degree 
paralleli*n between their coal -colour arH 
the prevailing colour of their surroundings 
the sandy tone of those from arid hahiu,’ 
being very noticeable. But when these wrre 
bred by Sumner under experirncnial ch,, 
ditions, he found that the characlerisiir 
colours of the fur persisted unchanged in spitp 
of quite new conditions of tempcralure luu! 
moisture. In other words, we arc presenud 
with the same phenomena already discussed 
in Book 4, Chap. 7, § 4, of a visible cliai. icier 
having sometimes to be produced afresh in 
each generation as a response to environ- 
mental conditions, in other species bniif 
produced in all kinds of conditions owinii 
hereditary factors. At first sight this l()()k^ 
rather like the inheritance of aerjuiioi 
characters. But, as we concluded in oui 
previous discussion in Book 4, facts of thi^ 
kind are really not evidence at all. 

The problem can only be solved hy ^lc^\ 
observations and new experiments. Ihi 
question whether such habitat-con elau-d 
characters are advantageous to all or to some 
of their possessors can only he sellhd In 
intensive work in the animals’ natural sm- 


roundings ; while, whether they are usi'ful 
or not, the question as to their in(‘thod ol 
origin — by modification in each geiieraiioii, 
by Lamarckian means, by induced muui- 
tions in the germ-plasm, or by random 
variation guided into certain channels i)\ 
Natural Selection — can only be settled by a 
painstaking combination of physiological 


experiment and breeding tests. 

Moreover, there is an important theoretical 
consideration that has often been overlooked. 
As we pointed out in Book 4, an adaptive 
character may give its possessors a definite 
advantage ov«r other members of the 
species, and so in the course of generation 
automatically become a character of all the 
members of the species; and yet it 
confer no advantage upon the species as a 
species. This principle of intraspeci c 
selection is very possibly applicable to t ic 
persistence in deserts of sandy-colotn ed an 
conspicuenis animals side by side. 1 1 ^ 
tions crop up in the direction of sandiness an 
consequent concealment, they will grail na y 
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I nihr’ (olours of the species. But if 
'•s' ' ome species may persist quite 

' "‘’smu’ of conspicuous colouring. 
lOllV in 1 _ ^,,£,4- K<» 'irlmitt#* 


.IPP= 


•r ^ i! liowever, it must be admitted 
bK the great majority of these 
Mimi" liabitat are adaptive ; the 
lin ible explanation at present is 
ff,;;;- h'..vc arisen under the guiding 
f N itural Selection. The existence 
■'T' sainr' 'vp*^ "f structure or habit in a 
' (li'fferenl species in one habitat 

inicres'iing fact, but it a so 

or ;i,e..ruc.«r.„r l..bit in 

JiKsiion; and when we can reasonably 


interpret the structure or the habit in an 
adaptive way, though we are not thereby 
exempted from the duty of putting our 
interpretation to more decisive tests, we are 
justified in so doing as a working hypothesis 
until evidence to the contrary is forthcoming. 

Accordingly, what we shall do in the fol- 
lowing pages is in the main to illustrate the 
intense variety of living things by pursuing life 
through a variety of habitats. We shall also 
point out tliose peculiarities which seem to 
fit the inhabitants to their surroundings ; 
but we shall leave the origin of these adapta- 
tions to be interpreted in terms of our 
discussion in Book 4. 
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§ I. Life in the Sea. § 2. The Surface Life of the Sea. 8 9. r/,,. n 
§ 4 . On the Floor of the Abyss. § 5 . Sea-shore Life. § 6 . Coral ReeU crnlfi 
§ 7. Holes and Corners ofSea-life. '' 


§ I 

Life in the Sea 

T he sea provides a vastly greater space 
for life to inhabit than does the land. 
Not only does it extend over more than two- 
thirds of the surface of the globe, not only 
does it lack all blank lifeless areas such as are 
found on land in the Antarctic ice-cap or 
the tops of the great mountain ranges, but 
it is inhabited in three dimensions. The 
average depth of the sea is somewhere about 
1 2,000 feet, and all of this vast body of water 
(save possibly a few of the deepest pockets) 
has its inhabitants. It is true that below the 
Jimits to which light penetrates the sea’s 
^pulation is sparse ; but even so, it is richly 
inhabited to a depth of a hundred and fifty 
to two hundred feet, and inhabited by a 
wonderful multiple population, layer below 
layer, each layer different from its neigh- 
bours. 

And yet the number of kinds of creatures 
that live in it is very much inferior to the 
number of kinds that live on land. The last 
time that a detailed analysis was made (in 
1898) only 85,000 species of aquatic animals 
— and this is including the fresh-waters with 
the sea — were on record, as against 327,000 
land-animals. The difference was doubtless 
due in part to the greater attention paid to 
the inhabitants of the land ; but in spite of 
this factor the comparative richness of the 
land -fauna cannot be denied. This paucity 
of species is apparently a direct result of the 
much greater uniformity of conditions in the 
sea. Nor is there any isolation of one pa t 
of the sea from another as there is between 
bits of land or bits of fresh-water ; we have 
seen in Book 4 that isolation helps to generate 
new types. 

But this numerical poverty is offset by the 
greater variety of the main types of con- 
struction, and life may be said to ring more 
variations, but on fewer themes. Not one 
of the phyla of animals but has some marine 
representatives. A few classes of animals, 
notably the amphibians and centipedes, are 
altogether absent from the sea, and the 
biggest class of all, the insects, is extremely 
scarce in salt-water. But there arc whole 
phyla of animals which are only found in the 
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sea, like the lampshells and ihf* 
derms, and others, like the spong,?a'!;!i‘ 
the coelentcrates, which are almost n 
marine, ^sides this there are many dJt 
that include sea-animals only, such as Th ' 
ccphalopods, in some ways the most hii-hlv 
developed of invertebrates, the sea-.,quL'i 
the radiolarians, amphioxus and its relaiivJL 
—indeed, over a third of the number oj 
animal classes that are recognized bv 
zoologists. 

The explanation of this variety of type is 
doubtless an historical one : life originated in 
the sea. In this spacious home, life, evolvmr 
through long epochs, branched out into a 
great number of types, some lower, some 
higher ; but only a few of these sucrceded 
in making the advance into fresh-water 
on to land. 


Sea-life is unlike land-life not merely in 
the strange and varied types of creatures that 
enjoy it, but in other more fundamental 
ways. Shelley vividly pictured its lovely 
profusion. Listen to him as he speaks of 
the West Wind : — 

“ Thou who did’st waken from his summer dream-s 
The blue Mediterranean, where he lay, 

Lulled by the coil of his crystalline streams, 

Beside a pumice isle in Baia’s bay, 

And saw in sleep old palaces and towers 
Quivering within the wave’s intenser day, 

All overgrown with azure moss, and flowers 
So sweet the sense faints picturing them ! Thou 
For whose path the Atlantic’s level powers 
Cleave themselves into chasms, while far below 
The sea-blooms and the oozy wo^s which wear 
The sapless foliage of the ocean, know 
Thy voice, and suddenly grow grey with fear, 

And tremble and despoil themselves : O hear ’ 

Sea-life is as intense and as beautiful as he 
imagined it. But there are no flowers and no 
woods : save in parts of a zone of shalIo^^’ 
water round the coasts, the sea-bottom 
grows no plants. The great bulk of the 
“ meadows,” “ shrubberies ” and “ forests 
of the ocean are animal in nature, incapable 
of making their own nutriment. Even when 
rooted, stalked, branched, and to a casum 
glance completely plant-like, the growths 
on the^ ^ca-bottom are without leaves or 
flowers. Their branches and 
hollow, so many stomachs ; they are stuodco 
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Fig. 240. A diagram of the zones of the sea. 

Iht sun helps the seaweeds and microscopic sea-plants to build up living substance. They feed the sea-animals. 

sufficient for abundant plant-life penetrates to about 200 feet ; practically no plants are found below 600 feet. 
The creatures in the blackness of the deep sea are all animals dependent on a food-rain from above. The sea-bottom 
usually slopes gently at first to the edge of the continental shelf then dips steeply to about 6,000 feety then more gently 
lo the abyss, little of which is over 24,000 feet deep. In the main diagram, the upper zones have had to be exaggerated ; 
the true depth scale is shown in the inset. 


with greedy mouths : and they owe their 
flower-like appearance. to the cruel tentacles 
wiiich bring about the capture of prey by 
snare or microscopic swirl. 

None the less, the green plants are there : 
must be there, or the sea could not 
support life. If green plants are to exist in 
fflo sea, they must live in the light : and light 
Js gradually absorbed as it passes through sea- 
J'ater. Not only will nearly all the ocean 
fljX)r be dark, and uninhabitable by green 
plants, but even in shallow waters, where 
flgnt can reach the bottom, there will be 
®ore light at the surface. The great vege- 
i^hle-garden of the sea is its top layer of 
some fifty* yards deep. All over the 
surface of the globe, even in the 
Middle* of the greatest oceans, there is this 
'^Pper layer of water that teems with green 
productive life. 


Plants growing in this marine meadow need 
no absorbing roots and no strong support- 
ing stem ; but they must float. If they were 
large, they would need to be kept from sink- 
ing in some way, as by gas-bladder floats. 
But the most economical solution of the 
problem is to remain microscopic. A given 
bulk of plant-tissue divided up into small 
single cells will possess a far greater extent of 
surface than if combined into large plant- 
bodies. The increased surface will have two 
advantages. It will allow the maximum 
utilization of light and of the dissolved salts 
of sea-water, for each cell will be illuminated 
and bathed on all sides, and there will be 
no need of transport-systems within the tiny 
body ; and, since frictional resistance to 
sinking through the water increases with the 
increase of surface, small units of life can 
keep up in the water much more easily than 
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large, and need not have recourse to special 
floats. The union of a thousand million 
cells would only make a very small bit of 
seaweed. But the proportion of surface to 
bulk in this would be only about one- 
thousandth of what it would be in each cell 
if they had all stayed separate. 

The floating inhabitants of open water are 
collectively called the Plankton — “ that which 
is drifted about.” Plankton is another of 
those technical terms which sooner or later 
will fix themselves into common speech ; 
for it constitutes the main food-supply of the 
sea. Almost the whole of sea-life is nourished 
by the plankton. Plankton is the base of 
the sea’s vital pyramid, on which arc sup- 
ported almost all our food-fishes, and even 
the great whales. 

The microscopic plants of the plankton 
are mostly of two types, diatoms and flagel- 
lates. The larger flagellates belong for the 
most part to the curious-looking group called 
Dinoflagellates, while many of the smaller 
belong to the equally curious group of 
Coccolithophoridae. 

In certain spots, at certain times, the crop 
of plant-plankton is so dense that it dis- 
colours the sea over large patches. But for 
the most part the plantlets remain invisible 
and unsuspected until tow-net and micro- 
scope are brought to bear. Even with the 
aid of the finest silk tow-net, however, many 
of the smaller floating plants arc never 
captured ; and only in the last few years 
has Lohmann discovered the extraordinary 
abundance and importance of this dwarf 
plankton or nanno-plankton. In part he 
obtained his knowledge by centrifuging 
large volumes of surface water, and examin- 
ing with a microscope the fine sediment 
thrown down ; in part he utilized the 
collections made by some of nature’s tow- 
nets — the filtering and straining apparatus 
of small ciliary feeders like Appendicularia 
(a free-swimming relative of the Sea-squirts), 
compared to which the meshes of any tow-net 
would look like wire-netting, for they catch 
objects down to 3 /x across, and exclude 
everything over 20 fj,. 

A great deal of work has been done in the 
last fifty years upon these tiny creatures ; 
and as a result we are beginning to know 
something alx>ut their distribution, their 
habits, and their multiplication. 

There is an orderly succession of different 
kinds of sea-drifting creatures through the 
year, just as there is an orderly succession of 
the growth and flowering of plants in a 
wood. In spring, the diatoms and other 
tiny plantlets begin to multiply ; following 
510 
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on their heels come swarms of . 

mainly larvas which bottom-1, v-,.„ 
to take advantage of the diatom l,arv«m 1 
their abundance is the caus< oi m.r-’.H 
tion of larger and carnivorous tuiimals 
plankton is at its richest iu late ^ 
by then the burst of pIan|.g,owtr^J 
exhausted most of the availahl, nitrate J 
phosphates, and the surface-zoiio must wd 
for a new quickening until the winter J 
the top layer of water. The cold water 3 
heavy and sinks : unexploited water riiS 
in nitrates and phosphates, rises from tfe 
depths to take its place ; and the cyde caitl 
begin again as soon as the temperature risol 
high enough. 


And there is an orderly distribution o( 
the plankton over the roof of the sea. For 
chemical reasons, certain salts needed as 
plant-food are more abundant in cold than 
in hot water, and so plankton and surface 
life in general is more plentiful at either end 
of the globe, less plentiful round its middle, 
This regularity is interfered with by currents ; 
the Gulf Stream flows on the surface right 
up to the coasts of Spitsbergen, but then 
sinks below the polar water, which is less 
salty because of melting ice, and plunges 
downwards ; thus we may find warm-waier 
forms descending to an inevitable dcaik 
deep below the pack-ice of the arctic sea 
The antarctic current brings cold water ami 
rich life far up the west coast of South 
America. One day the hfe of the wot Id's 
seas will be properly explored ; and then 
we shall be able to chart them, season by 
season, according to the abundance ot 
their basic food-supply, the plankton A 
promising beginning has been made with 
the Atlantic, as Fig. 241 shows. 

Naturally this rich marine meadow is 
pastured by swarms of animals, but, owing 
to the microscopic size of its constituent 
plants, no large animals can browse directly 
on the vegetation ; there arc no creatum 
of the open sea corresponding in their diet 
to cow or deer, elephant or hippopotamu-v | 
or even to rabbit or prairie-dog. 4 ^ 
herbivores here are small, often 
minute, and constitute only the first n’ 
of the food-chains which culminate m w 
and dolphin, bonito and mackerel, 
and giant jelly-fish. As we have * 
seen in Book 5, this absence of large p a 
eaters from the sea meant that all die an 
tral land-vertebrates wefe carnivores. - 
the moulding effect of the ein , 

radiat«U'OUt from its original centre, a e 
one remove of creatures after 
and extending its influence even mtu an 




^ 241. An animal forest — a scene at a moderate depth on gravel bottom, 

studded with polyps are the most prominent forms of life : seafans on the left^ tall 
i a t‘nJ and rights sea-pens in the foreground. In the middle distance are sea-anemones and corals. Fish 
^pi'tr-crab complete the picture. [Based on an exhibit of animals collected by the '"Discovery'* Expediiiont 
in the Natural History Museum, Imdon.) 
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habitat. Who would have imagined that 
the predominance of flesh-eaters among 
amphibians and the earliest reptiles was a 
consequence of the necessity that sea-plants 
should be microscopic in order to float the 
better ? Yet so it is. 


§ 2 

The Surface Life of the Sea 

When Mr. Everyman takes his family to 
the seaside, and they all adventurously go 
out in a row-boat, they little suspect, as 
they look over the gunwale, how full of life 
are the blue-green, choppy waters around 
them. They could gain an idea of this 
abundance if they provided themselves with 
a tpw-net — a long conical net of fine muslin, 
or better, of bolting-silk of the sort used 
by millers to sift flour, to whose end is tied 
a glass or metal container. If this be towed 
patiently behind a boat for half an hour 
or so at slow rowing speed, it will collect 
a^air sample of the sea’s surface inhabitants. 

" Take the sample home and look at it under 
a low power of the microscope ; a new 
and strange world of life is revealed. If 
you have chosen locality and season well,- 
the variety of creatures will be extraordinary. 
Here are abundance of crustaceans, rowing 
themselves along by means of their long 
antennae. Some of them are adult and spend 
all their lives thus constantly active in the 
roof of the sea. Others are the babies of 
bigger bottom-dwelling creatures — crabs, 
lobsters, prawns, barnacles— which spend 
their larval existence here before sinking 
to the bottom. It is these immature larval 
forms which make up the great majority of 
this population. 

For the surface zone is the sea’s main 
nursery. Drawing their nourishment either 
directly or indirectly from the minute plants 
of the plankton, the tiny glassy creatures 
can feed and grow here until they are big 
enough to cope with the different methods of 
feeding imposed by larger size and crawling 
life. There are fish eggs buoyed up with 
floats of oil, which presendy hatch out into 
glassy fishlets, often amazingly different from 
their future adult selves. There are larvae of 
sea-urchins and britde-stars, looking rather 
like a painter’s easel turned upside down, 
larvae of starfish and sea-cucumbers, perhaps 
of sea-lilies ; th^ “ wheel-bearer ” larvae of 
biisde-worms and of molluscs, often curiously 
alike, with a wheel-like girdle of big cells 
carrying strong cilia. Later on some of the 
mollusc larvae grow tiny shells and a rudi- 


mentary foot. Theps arc laiv.c 
and pol^ and jeDy.fbh, of sra-mi;, 
other Polyzoa; and the microsropic^ ^ 
that later degenerate and grow im 5^ 
squirts. ® 



The sea’s nursery has its drawback, ^ 

these millions of marine babies onivn • ^ 

fr.ea«„ It 

new-hatched young unmater 


young unprotected into 
world, you must expect a massacred 
innocents. They fall a prey to all kind,^ 
small carnivorous creatures, gla<isy ^ 
themselves. ^ Among these arc the arr^ 
worms, rapid swimmers with cruel bitimr 
mouths ; battalions of jelly-fish of evervi' 
size, trailing their paralysing net of tentacles 
and Gtenophores whose tentacles captuit 
not by their poison but by their adhesiveness* 

There are swifter and larger creatures iw 
who profit by the abundance of surface life, 
like the mackerel who strains off the plankton 
from the water-current through his gills- 
but these of course will elude your tow-net!. 

Then of single-celled creatures there is a 
great abundance. Our temperate waten 
on summer nights may come alive with piiM 
pricks of light ; these arc produced by t® 
swollen spherical protozoan Noctiluca- 

Shine-by-Night.” Of the innumerable, 
single-celled plants we have already si)okcD. 
Single-celled animals are not so ahundantl 
inshore ; but far out in the ocean the opcni 
water is full of Radiolarians of straiigc^^ 
and delicate construction, together with-* 
some floating Foraminiferans. And these ^ 
creatures are mostly so small and so trans- 
parent that men pass through the midsj of 
them without even realizing their existence. 
Y^t it is they which make our fisheries 
possible. 

In this section we shall consider mainly the 
well-lighted surface zone of the open sea, 
which is the prime generator of food for ; 
the whole ocean. But first we must intro- j 
duce a couple of technical but necessary | 
terms. All the open waters taken together 
make up the pelagic or open-sea zone ; hew 
life must either float or swim. All the 
bottom constitutes the benthic zone, where 
crawling or burrowing or fixed attachmciw 
becomes possible. Both zones are to w 
divided again, according to depth, into the 
well-illuminated zone and the deep-sea 
abyssal zone of darkness, with an inte^' 
mediate twilit layer between. And bo 
can be divided, according to their 
to land, into the littoral zone round 
shore, «Kid the CTcat bulk of the waters, tne 
high seas, outsMe. . 

The first need for the inhabitants o 
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is not to sink, not to lose 
Kt^h the Hght iXime creatures float 
(Mhers, which we may call the 
K swiiiimcrs, make movements not to 
in particuto, but merely 
R.ro up in the water. The more active 
Em nin/nf still others serves not only to 
Knt sinking but to generate a food-cur- 
to be .sifted. And finally there arc the 
Injures which swim actively and deliber- 
Er seek their prey. Some of these, like 
Errow-vvorms, are microscopic, but the 
E^r like whales and most fish, are big 
to lie able to set currents at defiance 
fcd migrate from place to place. These 
Cst are sometimes spoken of as the true active 
Limmers, while all the rest make up the 
Ming plankton. 

[ xhe plants of the sea are not nearly so 
Lssive as those of land. The diatoms 
M the plankton merely float ; but the 
GiBoflagellans and many others use their 
iagella actively and incessantly to help keep 
[up in the water. The dinoflagellates and 
tile diatoms also illustrate a common anti- 


sinking device, the increase of the amount 
of surface proportional to weight ; in their 
case this is achieved by long spines into which 
their body is drawn out. It is the same 
adaptation that gives so many crustacean 
larvae their grotesque and gnome-like appear- 
ance (Fig. 242). In other pelagic creatures, 
the same end — increase of surface — may be 
attained in a variety of ways : by protruding 
spines or feathery hairs, by projecting 
planes, by a flattening of the whole body, or 
(combining surface-increase with muscular 
movement) by construction in the shape of 
a bell. And any of these devices may be 
combined with others for reducing specific 
gravity. The bell-shape is of course common 
in jelly-fish. But it is equally marked in 
many pelagic cuttle-fish, and in the only 
pelagic sca-cucumbcr Pclagothuria. 

The illustration, Fig. 243, will show some 
of the fantastic forms produced by the need 
for spines or planes. In some copepods 
resistance is effected by branched hairs 
which have developed an ej^traordinary 
resemblance to feathers, both in appearanq^ 



j Fig. 242. Some free-swimming larva of the sea* s surface zone. 

> ' ViUdium larva of a Ntmertine worm. (2) Th Trochophore larva of a prirniiive d 

segments already formed; the mouth is to the left. (3) The Nauplt^ larva of the 
i^tews oj the Zo^a larva of a crab. (6) The larva of Phoronis. (7) The larva of a sea-cucumber , tts gut, with 

a seen by transport, (g) The fully developed larva of the sand-w^ J^ets ; it has three segwnts mih 

> swimming-organs or parqdodia. (9) Toung larva of a limpet, (10) Older 

shell and ^ foot % right), (n) The solid planula larva of Cl^ita, a kfdroid pdyp resembling 

Obelia. (112) The laroa ^a kmp-shell, (13) The same just after fxation and metamorphosis. 
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and function, although their branches do not 
interlock. 

The saltncss of water and still more its 
coldness increase its incipient stickiness or 
viscosity, and therefore its resistance to 
objects sinking through it. This physical 
peculiarity of the environment is reflected 
in the most delicate way in the anti-sinking 
adaptations of floating life. In dino- 
flagcllates, the projecting spines become more 
elongated in summer and in brackish water. 
Similarly, feathery hairs are only found in 
the copepods of warm seas, not in polar 
species. When one and the same species of 
plankton-animal is found in polar and 
tropical regions, it is often found that it 
lives at the surface in high latitudes, but in 
low latitudes floats deep, where not only 
temperature but viscosity is suitable. For 
the same reason, it would appear, floating 
animals inhabiting the same depth-stratum 
are smaller in warm than in cold water, 
for if they grew larger in warm seas they 
would sink deeper. 

The same fact often brings about a depth- 
stratification of related forms according to 
size. For instance, the different species of the 
Radiolarian genus Challengeria get larger 
as we descend, apparently being mechani- 
cally sorted out by their ability to float, and 
the same is true of arrow-worms and certain 
prawns and fish. A good example is the 
Atlantic fish Cyclothone microdon. Its average 
length is about one-and-a-quarter inch at 
500 metres depth, double as long at 1,500 
metres. 

This anti-sinking trick of increasing surface 
is, it will be noted, often combined with some 
power of swimming. If the swimmers 
wanted to get anywhere in particular, the 
friction of the extra surface would hinder 
them ; but as their swimming is only meant 
to keep them up in the water, the spines and 
feathers save some expenditure of muscular 
or ciliarv energy. The same is true for 
most of the other passive anti-sinking devices 
of pelagic life. 

As protoplasm is a little heavier than 
sea-water, any dilution of living bodies 
with water will lighten them and make 
them sink more slowly ; and if, as is psually 
the case, the water is bound within a jelly, 
this can help support the animals — it can 
act as a primitive skeleton. 

Among the ranks of water-swollen jellified 
pelagic sea-bcasft are the horde of jelly-fish, 
in some of which all but one per cent, of the 
body is water ; all the comb-jellies and many 
Siphonophores ; swimming snails, and even 
octopuses and cuttle-fish ; a few transparent 


fish ; and the remarkable lea liu 1 
the eek. In the*pelagic st 
Salps and Pyrosomes, the s,mie 
achieved by having the tunu of 3 ■* 
swollen with water. 

Other organisms do not merelv 
their weight but counteract if by L 
lating lighter substances insidi' therm^^' 
Sometimes, as in the common « 


escent Noctiluca, the main flotation material 


may be merely water which is less saltv 
therefore lighter than sca-wator But ’ 
most cases, the much more eflicimt meth^ 
of using fat or oil is adopted ; the creature b 
buoyed up by the microscopic liquid balloons 
scattered through its tissues. For instance, 
most small pelagic Crustacea have abundant 
fat in their tissues, as does the pelagic clani 
Planktomya. It is no accident that the food 
reserves in the liver of Selachians and the 
abundant cod tribe are stored in the form of 
oil instead of the heavier glycogen of most 1 
vertebrates ; it is interesting to reflect that ' 
since vitamin A is soluble in oil or kt but 
not in other substances, the desirability of a 
low specific gravity has led to this vitamin, 
produced in abundance by the diatoms of 
the sea, being stored in easily accessible form 
in cod-liver oil, whereas had the specific 
gravity of the sea been a irille greater, 
the cod might have stored its reserves as 
glycogen, and the bulk of the vitamin would 
have been destroyed in its body or excreted 
as waste. 

Numerous free-floating fish-eggs, like those 
of mackerel, also owe their capacity of 
floating to oil-globules. The sun-fishes 
[Mold) and gigantic basking sharks {Cc\o- 
rhinus) lounge lazily at the surface ; they are 
only enabled to do this by -the thick laycp 
of fat below their skin, which reduce their 
specific gravity to that of sca-water. 

The layers of blubber found in whales, 
dolphins, seals, and penguins, though doubt- 
less indispensable for the minimizing of 
heat-loss by their bad conduction, serve 
also a secondary purpose in lightening the 
animals, and so rendering more of that 
muscular energy available for directed 
activities. 

The most efficient lightening rnechamsms 
are balloons of air or other gas ; but the 
construction of these involves a higli degree 
of specialization, and they are not common. 
Many Siphonophores have gas-glands wm 
secrete gas into a special bladder ; , 

Pearly Nautilus and its strange 
Spirul»>^till store gas in the chuiabers 
their shells, as did all the Ammonites an 

Nautiloids of bygone eras. In one pejag* 
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Fig. 243. Adaptations to a Jloating life. 

.-I', 'I he phosphorescent protozebn Noctiluca is lightened by contaimng comparatively fresh water. The other organisms 
iOf iB) Clauciis, a sea-slug; (C) Calocalarius plumulosis, a copepod crustacean with a huge tail; {D and E) Two 
buh of flagellate, (/*’) A chain of diatoms. (G) Another species of Calocalarius. (//) The larva of the rock-lobster 
or langousie, Pahriurus. (/) The larva of the common angler-fish^ Lophius. All these have spiny or feathery 
outgrowth to prevent sinking. In addition the last two have flattened anti-sinking planes. 



^*ig> 244. Parallel evolution towards the bell shape in creatures of the open seas. 

7 Cirrothauma, which has become bell-like by growing a membrane between its arms. Below it are 

ovmV.ir pelagic sea-cucumber, Pelagoihuna, with a fringe of tentacUs held together by webbing. The 

ju ^ made a downward swimming stroke with its tentacles. Below on the right is a large jelly* 

fish, Stomolophus. 
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Biiail, Glaucus, the generation of gas by 
bacteria in the intestine has been turned 
to account, and the animal owes its capacity 
for floating to a flatulence made normal and 
physiological. 

Gas-bladders are best developed in bony 
fish. The great majority of their abundant 
species owe their success to speed and directed 
activity ; to secure this they must dispense 
with all such aids to flotation as jelly or 
protruding spines or flaps and concentrate 
on muscle and skeleton, and purity of stream- 
lined form. But as a result their tissues 
in general are a good deal heavier than sea- 
water, so that without a gas-bladder much of 
their energy would have to be expended in 
the never-ceasing task of fighting gravity. A 
few pelagic fish succeed in this task, such as 
the immensely powerful sharks. The com- 
mon mackerel, too, like its close relative 
the tunny, has also lost its air-bladder, 
presumably to achieve greater speed ; as 
the result of its unceasing activity during the 
feeding season, it has to recuperate for 
several months of the year resting on the 
bottom without eating. 

Apart from such rare exceptions active 
pelagic fish possess gas-bladders and are 
thereby enabled to regulate their specific 
gravity to that of the water in which they 
live, and so to utilize every ounce of their 
muscular power for pursuit or escape. 
If the gas-bladder had not been evolved, 
fish must have remained a predominantly 
shallow-water group became of the neces- 
sity of resting upon the bottom. As it is, 
the possession of a gas-bladder by almost all 
bony fish and the lack of it in all gristly fish 
like sharks and rays is reflected in the fact 
that a far greater proportion of the former 
are animals of the open water, while a far 
greater proportion of the latter spend most 
of their time near the bottom, alternately 
resting and indulging in sharp bursts of 
active swimming. 

Gas-bladders may also act as sensitive 
pressure-recorders, the expansion or con- 
traction of their contained gas telling the 
fish whether he is moving up to a region of less 
pressure or down to one of greater pressure. 
Terrestrial animals have no need of such 
pressure-sensitive indicators ; and so when 
man invaded the three-dimensional world 
of the sea with his submarines, of the air with 
his aeroplanes, he had \o devise pressure- 
gauges to act as artificial sense-organs for 
recording variatioijs in vertical height. 

Below a certain depth gas-bladders become 
veiy rare, owing to the physical difficulties 
of secreting gas against great pressure. 
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Finely, another method ,,{ . 

spe^ gravity is to cut dow,, the ? i'‘"« 
as far as fwssible and to “'I'”' 

of construction. For instanct-. ihp 
only free-swimming sea-cucii,i,|„r 
thuria, is also the only memb. r of i,?T 
to lack a protective mail of tim, limv ni 
in the skin. The internal “ boor '• o/r^i 
cuttle-fishes is thin horny, li^eS' 
and the pelagic bivalve mollusc Pdaimm!’ 
has no lime in its shell ; peh^i^ feh „r, J 
have a much reduced skeleton, with a vm 
low mineral content. The skdfion of 
Crustacea shows a progressive diminution 
of mineral matter as we pass from permanent 
bottom-dwellers to permanently open-water 
forms. Free-swimming Copeiiods of the 
plankton only have six or seven per cent, 
of mineral matter in their consliliuion, and 
are lightened by having five or six prr cent, 
of fill. The heavy crawling shoroc rah, on 
the other hand, has less than three per cent, 
of fat, and over forty per cent, of mineral 
matter. 

Before passing to the deep sea, mention 
must be made of the strange life of (aim 
regions of the ocean, of which lhi‘ Saigasv) 
Sea is one of the largest and best knoun. 
The currents which flow past such calms 
abandon into them a proportion of the 
floating animals and plants which they aie 
bearing along. In the Sargasso Se.i the 
most important of such llolsani is tlu* gulf 
weed, Sargassum bacciferurn. This grows on 
the coasts of the Caribbean Sea ; pieos 
of it, broken off by the waves, lloat along 
in the Gulf Stream, supported h) their 
gas-bladders, and accumulate in dense 
masses in the calm zone. Eventually their 
bladders decay, and they sink and die 
without posterity. But meanwhile, bdore 
their death, they support an alnindant crop 
of strange animals. Some ol these exist 
eljewherc ; but some live only in this 
curious accumulation of doomed phnit 
fragments, constantly passing Irurn one 
temporary home to another. 1 he amiiia 
often resemble the weed in an extraordina^ 
way, both in colour and form. Hic 
is golden-brown, patched white with eolom 
of Polyzoa and with little tube-living worms- 
This coloration is frequent among » 
inhabitants ; and in addition thc> are 0 
beset with fantastic ragged lappets and me 
branes which mimic the leaves and 
of the weed. These devices appe ’> 
been developed as a protection agaims 
attacltt "bf the sharp-eyed sca-lmds w 
hover above this seaweed garden 0 
calm. 
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The Deep Sea 

Th<- inlwniiants of the deep sea were to 
■ . nid purposes unknown unPl 

of h!m.S. ChalUttger in 1872 
of its objects was to dis- 
w ' niimitivc ancestral forms of life 
'Tvh wen suspected at that time to be 
T ill I he depths. This expectation, 

,s XI 0 mentioned in Book 2, Chap. 7, 
r? was unrealized. When the deep-sea 
Xiutures weie eventually brought by human 
Inuity to the light of day, they were 
ftn luoir 'uotesque and strange than any 

buyhey 

vorc not particularly primitive. All sorts 
of fiinilics of normal surface-living creatures, 
i„ol,KliiiR some of the most modern and 
mnializcd eroups, have in fact contributed 
imniietanis' to this strange region ; and 
,„n,„iir fixli almost all the deep-sea creatures 
iiolraiir to the less primitive group, the bony 
fixh, very lew to the more primitive sharks 

and I. ns. 

Xo 'rrilobites or sea-scorpions or 

('Miiu'i t>})rs of Echinoderms, no Ammon- 
ites f»i Osirarodcrms or primitive armoured 
fish have licni hauled up to the light of an 
iippn \N(nld that had outgrown them. It 
IS j)f)ssil)l(’ that the marine abyss was such 
.1 difficult region to colonize that it stood 
Lir^Tlv un tenanted through most of geo- 
loiriral linu , and that its invasion only began 
on a large scale when the more specialized 
t\pes of sea-anirnals had come into existence 
the prawns and crabs, the cuttle-fish and 
orio[ais, the bony fishes. Representatives 
of other groups had doubtless invaded it 
hefon', so that it was not as barren and 
i mpty as the land ; but it offered no such 
nicoiiiagcinent and variety as the land, 
and so theie was no blossoming of one or two 
special invading stocks into flourishing new 
ttroups, as happened with land plants or 
vertebr.ites or insects, but a sporadic fitting 
of a number of isolated types to the queer 
and specialized conditions, as has happened 
•n other (jueer and specialized habitats like 
faves or salt lakes. Most authorities believe 
jliat the invasion of the great deeps by fish 
wgan no earlier than Cretaceous times 
(IV C). 

If all marine life depends on the plants 
''Idch Iniild themselves out of inorganic 
fatter in the narrow illuminated zone, 
o!j\ lously only this zone is biologically 
^ii^-supporting, and the life at all greater 
^epths must somehow exist at its expense, 
is 111 fact so ; deep-sea life b an unpro- 


ductive assemblage of types nourbhed by 
scraps from, the banquet spread above in 
the light of day. 

Not every surface organism finds its 
fate in another’s stomach. Thousands die 
from other causes, and their corpses, once 
their swimming movements cease, or their 
floats decay away, must sink towards the 
unilluminated depths. Over the whole of 
the ocean the rain of corpses proceeds 
without cessation, and the bottom is in large 
part covered with thick deposits made of 
their skeletons. This rain of death, however, 
gives life to all the deeper layers ; for it is 
their only source of food. It is a constant 

stream of manna from above often, it is 

true, in process of decomposition, but none 
the less nutritious. 

The inhabitants of the regions passing down 
from the surface to the lightlcss abyss do 
not live haphazard at any depth. They 
each have their appointed place, each 
living out its life in its own particular layer 
of cold and silent blackness, often thousands 
of feet above the bottom, thousands of feet 
below the surface. The depth-range of 
some is comparatively large, while others are 
confined to a single level of the sea only a 
few hundred yards thick ; and the zoning 
is complicated by the vertical movements 
which so many of the creatures nearer to the 
surface execute periodically every twenty- 
four hours, ascending at night and descending 
by day. None the less, the most striking 
feature of the life of the open sea is this 
stratification. Most pelagic animals live 
in definite storeys just as do the inhabitants 
of a skyscraping block of flats. We do not 
see the floors and roofs which limit the 
different zones. They are none the less 
perfectly real, and are constituted by the 
barriers set by degrees of temperature, 
pressure, and salinity and by the kind of 
food available. 

For the food-rain will, naturally, not be 
the same near the surface as it is in the 
depths. Each layer will contribute its 
quota of dead vegetation and corpses to the 
layers below ; and each layer will take its 
toll of the corpses from the layers above, 
altering not only the quantity which finds 
its way farther downstairs, but also the 
quality, since not all kinds of corpses will 
be eaten in the same proportions. The 
total amount of the food-rain will ^ow 
progressively less, since at each level th^c 
is a wastage, due to bacterial decay, with 
consequent dissipation of solid food into 
unavailable solution. On the whole, the 
smaller particles, of which the tiny plants 
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of the surface make a large proportion, will 
be snapped up or decay away before the 
larger, so that the average size of the drops 
of the food-rain will increase with depth. 
They will be the biggest particles, the quick- 
est sinkers, and the less rapidly decaying 
lumps. They will be bigger and rarer. 
\Ye should therefore expect to find, as we 
go downwards, first a decrease in the amount 
of life in general ; then a decrease in the 
proportion of current-feeding organisms, 
and an increase not only in carnivores, but 
especially in animals adapted for taking 
advantage of relatively large but infrequent 




245. Deep-sea creatures : four fishes, two squids, and a crustacean. 

. Bathypterois, with degenerate eyes and long sensory feelers on its head. Top right, 
Pachystomias, predaceous, with a sensory whisker on its chin, and two luminous organs close, to its 
huge eye. Upper centre, Chiasmodus, which is carrying a fish bigger than itself in its distensible 
stomach, ^wer centre, Gastrostomus, with enormous gape ,* it also has a distensible belly. Lower, 
left and right, two squids, Toxeuma and Bathothauma, with huge stalked eyes. Below, centre, 
Eryoneicus, a blind prawn. 

mouthfuls. And these expectations arc its way to the bottom. O 
realized. On the other hand, the scarcity of accumulates as mould, anc 
food is so great that no large animals can ment to many fungi and 
exist in the great depths. The monstrous and horde of scavenging animals 
fantastic deep-sCa fish are almost all under The tree-trunks support 
a foot long. They are all extraordinarily surface. Competition betwe 
voracious, some with jaws capable of grasping and all the individuals of ( 
and swallowing bodies larger than the normal finally resulted in a nearly fl 
size of the elastic devourer. Their lives pushed heavenwards to tf 
are a prolonged fast, varied by some swift trunks’ mechanical possibilit 
moutmul and repletion. are also supply-pipes, bringi 

It is worth while anticipating our story nitrogen, sodium, chlorine ai 
a little, and reminding ourselves that constitttots of plant-proto 
essentially the same conditions hold in the soil to the life-factory 
forests, especially evergreen forests, and There is nothing like this in 
5tB 


most particularly m the tropir ,1 r 
Here again light, coming’^fr.'n lu 
life s prime mover. Seen fro-, ai “ 
forest has an exuberant surface 17'’ 
dense leafage, inhabited by a P"" 

mammals, and insects which .wel a 
to the terrestrial depths. Belo.v the S 
surface is a dim twilight, uitti 1 
diminished life, the plants cons.Ming S' 
of parasites sucking nourishment Ln, ?/' 
trunks of the trees, or vines md ? 
climbing up them towards iuH,! lieh'^^ 
epiphytes seeding themselves „n thc,,’r“ 
trees’ leaves and branches ; and the 

7 i&M’'',' 

>1) : with an ndie ] 

body. Th. 

'JO squids, and a crustacean. fuod-rain i n 

wry feelers on its head. Top right, , 
and two luminous organs close to its lalling, ‘Tael 
'h bigger than itself in its distensible thus caiiliol 
5 also has a distensible belly. Lower, r.iidcd b\ 

ih huge stalked eyes. Below, centre, j j. ^ '{ 

crcaturr.s on 

its way to the bottom. On the bottom it 
accumulates as mould, and gives nourish- 
ment to many fungi and bacteria and a 
horde of scavenging animals. 

The tree-trunks support the ilhiminaictl 
surface. Competition between all the spcncs 
and all the individuals of each sp(‘cies has 
finally resulted in a nearly flat sea of I'ohagr, 
pushed heavenwards to the limit of 
trunks’ mechanical possibilities. 1 he trim | 
are also supply-pipes, bringing the necessary 
nitrogen, sodium, chlorine and otln'r minera 
constitttots of plant-protoplasm up imi 
the soil to the life-factory of the leav • 
There is nothing like this in the oct »ii , 
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there ‘S wc have seen in § i of thb 
"".Tr the depths provide essential mineral 
“•’l l’ ID ihe plant-life of the surface, 
supplies ^ ji is M well to be reminded of 


I" fectXi Vhe forest, Uke the sea, has its 
Ir^uctive region at its upper surface, and 
Cthe solid ground on which we men are 
ellcd 10 walk through it is a dependent 
Stic zone as tmly as are the ocean 
X nths dependence upon a slow food- 
rain from above is the most important of 
,he conditions influencing deep-sea life ; and 
then, in order of descending importance, 
come the darkness, the cold, and the 


^The pressure at great depths increases 
bv almost ('xactly one atmosphere for every 
ten metres of water. At the bottom of the 
i^cat deep near the Philippines (9,788 
metres) the pressure would be over 960 
limes .IS gre<it as the ordinary pressure of air 
at sca-lcvel- equivalent to the weight of a 
(oiumii of mercury nearly half a mile high 1 
No animals have yet been brought up from 
over 7,000 metres (about 23,000 feet), but 
this is probably due more to the enormous 
technical difliculties of dredging at greater 
depths than to an actual absence of animal 
life. 

It used to be supposed a century ago that 
no animals could exist at depths over one 
■ 01 two thousand feet, owing to the pressure. 
.\s a matter of fact, these great pressures 
make sintpilarly little difference to animals, 
lor the simple reason that the pressure of 
the water is externally the same on all sides, 
and is equalized internally by the pressure 
of the blood and the fluid contents of the 
^dls The animal exposed to a pressure 
equivalent to a quarter of a mile of mercury 
lecls it no more than we feel the atmospheric 
pressure- 15 lbs. on every square inch of 
I’ur bodies. The popular belief that the 
I'igh pressure increases the density of the 
'vaier so much that sunken ships would 
remain suspended when they reached a 
eeriain depth is quite unsound. Water is so 
incompressible that the increase in density 
a depth of say 1,800 feet is only about 
per rent. ; salt water with a specific 
^aviiy of 1-028 at the surface would at this 
t’Pth have one of only i *054. 

-ven the evil effects of rapidly bringing 
jnmals to the surface from the great press- 
of the deeps have been much exag- 
^ perfectly true that they are 
.surT ^ tiying when brought to the 

ch ^ much more to 

temperature than to change of 
H ure. This is shown by deep-sea hauls 


in the Mediterranean. The waters of this 
sea, owing to its excess evaporation, are 
more salty, and therefore heavier, than those 
of the Atlantic. Accordingly, the out- 
flowing current in the Straits of Gibraltar 
sinks, and the inflowing current is near the 
surface. The Straits of Gibraltar make a sill 
nowhere more than 1,500 feet deep ; and as 
a result only the highest and therefore the 
warmest layers of Atlantic water flow in. 
The Mediterranean thus receives no water 
colder than 12*9° C. ; the whole of its 
contents from about 500 feet down to its 
greatest depths of nearly 13,000 feet are 
uniformly of this temperature. And we find 
that deep-sea animals can be brought to 
the surface in the Mediterranean, cuttle-fish 
for example, without showing any of the 
ill-effects which are suffered by kindred 
Atlantic animals brought up from the same 
depth. 

The one exception to this innocuousness 
of pressure-change is afforded by fishes 
with closed gas-bladders. In spite of the 
arrangements which exist for resorbing 
gas from the bladder into solution in the 
blood, the expansion caused by rapid release 
of pressure is too great, the bladder swells 
up enormously as the fish is hauled to the 
surface, and forces the entrails out at the 
mouth, or even blows the fish into fragments. 

That rapid but considerable pressure- 
change need have no ill effect is shown by 
the large daily vertical migration of various 
creatures. Many plankton organisms and 
pelagic fish migrate up to near the surface 
by night and down to 400 or 500 metres by 
day. In spite of the forty-fold change of 
pressure to which they thus expose themselves 
twice in every twenty-four hours, they suffer 
no more than do Swiss goats and goatherds 
in their customary vertical wanderings, up 
by day and down to the villages at night. 

Sperm-whales dive down to great depths 
in search of their prey, the giant cuttle-fish ; 
and all whales do so when harpooned ; 
they may traverse over 1,000 feet of 
vertical height in a minute or so, and some 
may be capable of diving to half a mile. 
A diver would die if he were hauled up 
from such depths so rapidly, through the 
appearance of bubbles of nitrogen in his 
blood (just as bubbles of carbonic acid gas 
appear in soda-water when it is relea^d 
from the pressure within the siphon), which 
would then stop his circulation. Whales 
do not suffer in this way at all, largely, it 
would appear, through the presence of 
so-called retia mirahilia on their veira, 
“ marvellous networks ” where the vein 
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breaks up into a great number of small 
vessels for a short section of its course. The 
gas-bubbles are probably caught in some of 
these small vessels and held there until they 
can be redissolved. 

In all seas save the Mediterranean, 
temperature sinks steadily with depth. 
The average temperature for the great 
oceans is about i6° C. at 600 feet, only 10° 
at 1,200. At 3,000 it is only 4*3° C., while 
at 12,000 feet it is down again to i*8°^G. — 
only just above freezing. What is more, the 
deeper we go, the less variation is there in 
the temperature ; at over 600 feet down, the 
seasonal change of temperature is trivial 
or nil. Nowhere else is life’s environment, 
whether as regards light, temperature, or 
chemical and physical conditions, so uniform 
as in the marine abyss. 

The darkness in the depths is complete, 
save for what light is generated by their living 
inhabitants. Water rapidly cuts off light. 
Light pouring directly down penetrates 
much deeper than oblique light ; thus 
beyond a certain depth only the noon-day 
sun will penetrate, and so the length of the 
day decreases with the depth. In the 
harbour of Funchal, Madeira, the 12-hour 
March day is reduced to 1 1 hours at 20 
metres depth, to 5 hours at 30 metres, to a 
mere 15 minutes at 40 metres. 

In general, light sufficient for the needs 
of green plants extends down, even in the 
purest water, only to about 100 -metres. The 
great majority of marine plants live in the 
first 50 metres ; at 75 metres there are only 
half as many plant individuals as at 50 
metres. 

Below about 200 metres, the only plants 
which exist are sinking downwards dead or 
damaged. Below this, the deep sea begins, 
with no living green plants and no true 
vegetarian animals, but only decay-producers, 
scavengers, and predatory creatures. 

The longer wave-lengths of light are more 
quickly absorbed by water than arc the 
shorter. All the red rays are absorbed soon 
after 100 metres, and all the green before 
500, but some of the violet penetrates deeper 
than 1,000 metres. Even at 30 metres, a 
diver cannot see red objects as red ; there is 
no red light for them to reflect and so they 
look black. 

Most animals from the illuminated surface 
zone arc of crystal transparency (sometimes, 
however, with a few coloured internal organs 
revealed). When colour is present, it is 
generally blue, as in the Portuguese Man-o’- 
war and other Siphonophores, some Cope- 
pods, and the lovely floating snail lanthina. 
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Many surface fish are hluiJi or 
above, silvery below, like ii,,- 
These colours, like transp.ur„cv 
appear to have some proton lye vai'*’"'^ 
the blue sea-water, thougli iramn " 

But in the depths, to rcfleci no light a ^ 
so to fade into the surrounding 
is the best means of protection from 1 
those enemies which hunt by And 
red then looks black, red slunrs predomir 
ance with black and other dark colours surh 
as deep brown or purple-black. Somf 
groups, such as the fish, seem to find it 
difficult to produce red pigment, and in 
the deep sea incline to black ; other deep-sea 
groups, such as Crustacea, an* almost 
without exception red. There are also 
red Foraminifera and polyps, red sea- 
anemones and starfish, red oel opuses and 
cuttle-fish, and even red arrow-worms. An 
interesting case is Velella, the Siphonophnre 
This, when adult, floats at the surface, wuh 
a sail projecting up into the air, and both 
animal and sail are a lovely bine. Its larva, 
however, lives in the deep sea and is red , 
it only becomes blue when it ascends to 
adult life at the surface. 

Although some deep-sea gelatinous animals 
retain their crystalline appearance, sn 
jelly need not necessarily retain tians- 
parency, as is shown by the fact that many 
deep-sea jelly-fish and arrow-worms an' 
dark-coloured or red ; some, such as die 
jelly-fish Atolla, are transpat cni ai the 
surface, and grow darker and claikei with 
depth. 

At the depths where these red ftiawns and 
black fishes live, whatever light is visible 
is produced by the animals iliemsrlves. 
Phosphorescent organs occur in almost 
every group of deep-sea aninials, both 
bottom-living and pelagic, in polyps and 
corals, starfish and bristle-worms, cuttle-ftsm 
Crustacea and fish. These organs are ot 
various kinds. Most of the fixed bottom- 
living forms — sea-pens, sea-fans, and so lor^ , 
— shine all over, diffusely, often with a 
marvellous radiance. It may be that phos* 
phorescence of this type is a mere accidcn , 
serving no useful purpose, and that or 
unknown reasons conditions in the deep soa 
are especially favourable to its production 
There are phosphorescent animals in pkm ) 
at the surface of the sea, and the 
of some of them, such as the ahunda 
Noctilu^ seems to be as function less ^ 
accidental as that of fungi on rot^i' Yf ^ 
On the other hand, animals of thi^^ ^ 
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u nit type are more abundant 
P'’T[’r"iu> >■ more brUliant light in the deep 
Ln ,1 rwhere. It has been suggested 
'f® l,(. serves to lure small fish and 
',Lr oro 'Vithin range of the polyps and 
S p^araK.ng tentacles. ^ ^ ^ 

This is probable by the 

-traorcliiK'iV luminous organs of deep-sea 
which undoubtedly act as lures 
Ibr prey. >hc shallow- water angler (Lo- 
nhiusi lie'^ hat and well concealed on the 
boitoni, its huge predaceous mouth 
facing upw.irds. It grows a fishing-rod and 
bail on its iicad. The foremost ray of its 
dorsal fin li.is 


organs of deep-sea animals have their most 
frequent significance. The prowling popu- 
lation can never be dense ; and without 
special advertisement it would often be 
difficult for the sexes to find each other. 
The a<lvertisement takes the form of a pattern 
of luminous organs, each species having its 
own characteristic arrangement. Sometimes 
there is a single row of small lights down the 
body ; sometimes tiers of lights, so that the 
fish » looks like a liner at night; deep-sea 
cuttle-fish generally have a pattern dotted 
over their body and arms ; some animak, 
both fish and cuttle-fish, make play with 


suffer rd a 
furious trans- 
lormaiion ; it 
is elongated, 
detached fiom 
the rest ol its 
hiis, and bears 
at its end an 
enlarged Hajj 
(if membrane. 
The jerkini’ of 
this atlraets 
1 iKj u i s i t i 
and Iningry 
fishlets, which 
in a moment 
<11 e snapped 
ii|i by the nn- 
s u s p (' c t e d 
jaws just 
below. As 
I 1 s I o 1 1 e 
n h s e r \' e d : 



^ c \ are Fig. 246. Luminosity in the deep sea. 

0 i( ri caught ^np left, the squid Pteiygoteuthis, with big eyes and a pattern of luminous organs on head and trunk. 

imillet, Below it, the prawn Heterocarpus puffing out clouds of luminous secretion to baffle its pursuers. 

the swiftest of Centre, the gastropod mollusc Phyllirmoe, with many small light-organs. Below, three fishes : 


lisli, in their Vinciguerna, with 

i n t r r i o "r ^ luminous nose which serves a.\ 

iurthennore, 

the tiotr-jivjh is usually thin when he is caught 
alter losing the tips of his filaments.’’ In the 
sea, numerous members of this same 
lamily are found (though they are all much 
smaller m size) ; they also all attract their 
Pp' means of lures, but these lures are 
luminous. Perhaps the most extra- 
f^minaiy of these animals is Lasiognathus, 
''hose lishing-rod, in addition to possessing a 
mm not is lure, has a hinge in the middle and 
at the tip. It seems to be thrown 
f»nvards when prey has beep attracted near 
;^y ^ , *^?bt, and then jerked back so as to 
'""pale them on the hooks, 
t 's .1 ^ recognition marks that the luminous 


light-organs looking like illuminated portholes ; Gigantactis, 
a lure ; and, Aulastomatomorphq, with its whole face and 
head luminous. 

lights of different colours, or with different- 
sized lights. In any case, each species thus 
carries its own identity written upon it in 
letters of cold fire, can know its own kind 
at a distance, can recognize such or such a 
pattern as the badge of its enemy, this other 
as the badge of its prey. 

But there are other uses of luminosity. 
Shallow-water cuttle-fish escape from their 
enemies under cover of a smoke-screen 
of ejected ink. This would be of no service 
where all is already black ; and accordingly 
we find that some of their deep-sea relatives 
squirt out a luminous cloud to confuse 
pursuers. 
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Finally there are the luminous organs 
designed, like head-lights, to facilitate the 
animal’s own seeing. The most curious 
example of this is the living torch carried 
by a hermit-crab from the Indian Ocean. 
Like many other kinds of hermit-crat> this 
animal carries on its snail-shell house a 
sea-anemone as partner. Doubtless the sea- 
anemone profits as do its fellows in similar 
situations in shallow water, by catching 
crumbs that fall from the crab’s table. The 
benefit conferred in return is normally 
that of protection, by means of the serried 
batteries of stinging cells on the anemone’s 
tentacles and the formidable stinging threads, 
which it can protrude through the portholes 
in the wall of its body, or its mouth. But in 
this case the anemone is phosphorescent, 
and confers the boon of light as well. 

Frequently, in deep-sea fish, cuttle-fish, 
and Crustacea alike, there is a concentration 
of especially large light-organs near the 
eye, and in some cases these have evolved 
into veritable projectors. Cells which gener- 
ate a luminous secretion are placed in front 
of a curved reflector made of a glistening 
membrane backed by black pigment, and 
the outward-streaming light is concentrated 
into a beam by means of a lens. 

Where light is so scarce and so dim, eyes 
may be expected to evolve in one or other 
of two opposite directions. Either they may 
degenerate, wholly or in part, and the 
animal make up for its lack of vision by an 
excess development of other senses such as 
touch ; or else they may be enlarged and 
improved to the pitch of extreme sensibility 
so as to catch every faint glimmer of light. 
Both of these methods are found in deep-sea 
animals. On the whole, the balance has 
been in favour of keeping and improving 
the eye. But bottom - livers leading a 
crawling-feeding life show eye-degeneration 
more frequently than do open-water creatures, 
and in both situations the more active kinds 
of creatures tend to enlarge their eyes, the 
less active to lose them. 

In general, those deep-sea animals which 
have well-developed eyes include those 
which have definite arrangements of lumin- 
ous organs, and, of course, those which 
possess searchlight organs. Recognition 
marks would be useless to a blind animal. 
But the deep-sea anglers are often themselves 
blind. Their light is aimed at other species ; 
and so long as the inquisitive prey is lured 
alongside, it does not matter whether sight, 
touch, or any other sense is used to detect its 
presence. 

Sometimes the eyes are positively enor- 
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mous ; in the crustacean C t,,. 
eye occupies at least two-third^,r,K ’ 
of the head. In other dS ' 

(and nowhere else in nature^ L 
“telescopic eye” is found; 
independently developed in cii'ln sn\ 
of deep-sea fish and in one cuuir.fish'”''?.'r 
a somewhat similar arrangemet is fo,.?' 
some deep-sea Crustacea. Thi<; ivoe nf™ 
to be precise, is not “ telcscopid” at ? 
It IS an adaptation to save space Th^ k- ’ 
the surface of the lens, the more lighi f" 
It collect ; the more it approacS t 
spherical in shape, the more docs it concon 
trate the light that falls upon its surface 
With a lens as large as exists in many tele 
scopic-cyed fish, an eye of the usual spherical 
type would be as big as the whole head 
Ihe so-called telescopic eye is simply the 
central cylindrical portion of an eye with 1 
spherical lens. All the light that ihlh 
on it is concentrated upon a very small patch 
of retina ; and range of vision is sacrificed 
to the pressing need for light-collection and 
concentration. 


Even with, such eyes, sight in the deep soa 
may well need to be supplemented ; and 
accordingly it is common to^ find extra- 
ordinary developments of touch-organs, 
such as barbels on the head, or elongated 
spines or fin-rays acting like cat’s whiskers, 
and most deep-sea fish have the mysterious 
lateral-line sense-organs (page 108) better 
developed than their surface relatives. 

One unique result of deep-sea life Ls the 
development of parasitism in the males of 
certain angler-fish. In these species, until 
recently, oifly females were known. Event- 
ually some of these females were discovered 
to have growing on their bodies strange 
objects not unlike miniature and deformed 
fisii. Further investigation showed these to 
be indeed fish — the long looked-for males of 
the species. When quite young they ap- 
parently bite on to tfie female, gradually 
embedding their snout in her skin. Both skin 
and blood-vessels of male and female grow 
together, and the male becomes a tnie 
parasite, nourished entirely at the females 
expense. His heart and digestive system 
degenerate, and the bulk of his body becomes 
filled with testis. Presumably when the 
female lays her eggs, some chemical stimums 
acts upon the male and causes him to ejed 
his fertilizing sperm at the same time. 

The difficulty of male and female 
each other at mating-time in the dar’ 
and spafeely populated waters of the 
pelagic zone must be very great, dnis 
strange state of affairs — the only ease 0 
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. ,,e paraatism in vertebrates— 

, r|. .ibt a method for circumventing 

vs-ithout (1 

lisdiffiw''- 

§4 

Or, the Floor of the Abyss 

vvar the bottoin of the sea is 

^'red witli deposits deny^ from the land, 
drd bit^ of land carried out to sea by 
NaHirally the heavier particles settle 
so Sat in general the farther from the 
the finer-grained are the deposits, 
.uch land-derived deposits, however, are 

ire at depths 
f over 600 


ooze, especially abundant in the North 
Atlantic, covers nearly thirty per cent, of the 
whole ocean bottom. Siliceous deposits can 
go a litdc deeper without being dissolved. 
They are especially abundant in colder 
seas, and in regions where the water contains 
much siliceous matter, for instance in many 
parts of the Indian Ocean, but cover less 
than ten per cent, of the ocean bottom. 
Finally, in increasing quantities from a 
depth of 13,000 feet downwards, comds 
the red clay, covering over a third of 
the whole sea-bed. Only over very small 
areas is the ocean floor clear of ooze — here 


Below 
lull depth the 
oor of the 
c e a n is 
oveied with 
a y r r s of 
lalcrial de- 
ived either 
r 0 in t h e 
Lclctons o 1 
h i* animals 
iid plants 
li a t 1 i V e 
hove, in the 
ipper storeys 
if the sea, or 
Ise from vol- 
anic dust, 
ioine of the 
I r a n i c 
natcrials are 
) r e d 0 m i n - 
uitly limy, 
uch as globi- 



Fig. 247. “ Telescope eyes ” and other adaptations for seeing in dim light. 

Above, the cephatojMd Amphilrilus. Centre, two fish : upper, Giganlura ; lomr, 

Below, two views of the crustacean Cyslosoma, with eyes so big that they cover all the upper surface oj 
the head and meet on the crown like a dragon-fly’s. The eyes of Cigantura took forwards , all the 

others look upwards. 


yrina ooze 
argely made 
>1' the skele- 
<Jns of that 
iule foramin- 
feran, or the 
^luch rarer pteropod ooze in which the 
'kells of those active swimming mollusca 
predominate. Others are mainly flinty, such 
ts diatom ooze and radiolarian ooze. The 
^nely powdered volcanic accumulations are 
^nown as red clay. 

The calcareous deposits are poor or absent 
Itigh latitudes, owing to the difficulty of 
secreting a calcareous skeleton at low 
t^niperaiures. They also never occur below 
J certain depth, usually about 15,000 
since under great pressures the 
calcarenus matter passes into solution. But 
ha\c an enormous extent : globigerina 


and there where deep currents flow power- 
fully, perhaps here and there where a rare 
slope occurs steep enough to shed its accumu- 
lations. 

All these deposits have two things in 
common — they are soft, with a consistency 
something like that of butter on ^ 
hot day ; and they contain all the debris 
of the food-rain which has escaped the 
population above. 

It pays many organisms to sift and scavenge 
in and on and close above this rich ooze ; 
but precaution must be taken by the surface 
animals not to sink in, and by the pure 
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current-producers not to have th^ir wrfcs 
clogged with the fine ooze. The surface 
scavengers and predaceous animals almost 
all show devices for spreading their weight 
over a large area. Some of the spider-crabs 
and other Crustacea have enormously 
developed legs, often with bristles or feather- 
hairs at the tips ; some of the flat, cake-like 
sea-urchins of the deep sea have an expanded 
disk-like surface, and the sea-cucumbers 
have a special flattened sole. One or two 



■HAPtej 


almost confined t Z 

They *ffcr from all oihn sp7„,l"P ^ 
^en lattice-work of tl„ nj 

tet known Hexactiurllid 
Venus s Flower-basket I'n.m the 
Japan. We marvel at 
beauty; but we generally fad 
the biological reason for Hi^ (.onst"r' 
Proprilirs. A 


which confers such 


Sin 


simple 



reason, however, docs 

water a lower specifc^S 
than cold any nine, us flow' 
polewards from the warmed surf^ 
of tropical seas will, like the GuffI 
Stream, float upon ih,. ,„p . " 

the necessary return How of chUy 
water from the pole.s will flow alo™ 
the bottom. 'Hie Hex.iclinellids 
grow in the path of these slow but 
constant bottoin-nirn-nts. nm 
can afford to dispensi- with all the 
current-prodneing machinery ol 
ordinary sponge, .md ran simple 
spread a lattice-net in the path of 
the debris-laden slrram. 

As Dr. Bidder \vrit(‘s of ihc ^roiip 
as a whole : “ Food is hrou^^hi lo 
them, waste is taken away. Tor 
them in their eternal aliyss, with its 
time-like stream, there is no hum, 
there is no return. Sueh an organ- 
ism becomes a mere living srtcni 
between the used half of the univcrsi' 
and the unused half— a inonirnt of 
active metabolism lietween the un- 
known future and the exhaiislrd 
past.” 


Fig. 248. Life on the muddy floor of the deep sea. 


Seasqtiirts {left) and glais-sponges {right) are carried clear of the 
mud on long stalks. Sea-anemones grow on the sea-squirts^ and 
Pyaiogonids crawl over them. A prawn walks over the mud on 
enormous stilt-like legs, and flattened seu-wondhcc and starfish crawl 
on its soft surface. {Based on an exhibit in the Natural History 
Museum, London, of animals collected by the “ Discovery ” Expedition.) 


§ 5 

Sea-shore Life 

And now let us return from the 
extreme specialization oi 
sea lo the primitive cradle of 
the shore, the intertidal region 


and 


is so familiar to most people, 
has been well described iii^so 
of the current-producers have similar devices, admirable books, from Charles 
such as the sponges which possess projecting Glaucus to Flatteley and Waltons ^ 
collars of long spicules to prevent them of the Sea-shore^ that we, with space prc> 

sinking in the mud. But the great majority ' 

are stalked. Stalked sponges, stalked sea- 
lilies, stalked corals, stalked single polyps, 
stalked polyp colonies like the sea-pens 
with tlieir strange bulb-like base thrust 
into the slime for anchorage, even stalked 
lampshells, sit balanced above the suffocating 


can afford to treat it briefly. . 

We can best define the hest 

strip of earth’s surface between 
land wetted by the sea- and stoT nis 
lowest low-tide mark. It has a veo 
biological interest. It is a ^ 

transition from d^-land to "^manent 


mud, ' on whose surface precariously crawl though a 5?one of transition, it is a per ^ 
and forage the tribes of active scavengers, feature of otir world. The outlines 
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land m..v shift over ; but 

t^u.iNS a shore. Twjce a day most 
Ti covo.'d by water, and twice a day 
.^d 1.^ ihe air as the tide ebbs off it. 
f " of all ilie habitats in the world, the 
t exp' -ecl to the greatest fluctuations 
"'I his th'- most variable conditions of life, 
thccompl' lest contrast with the seasonless, 
JLtecli.u.scless depths. 

' L wc sin> across the shore from high- 
uaicr mark lo bathe at low tide, each point 
Siat we cro.ss is exposed to a longer daily 
of \vatei , a shorter dose of air. Accord- 
inely the shore is split up into parallel 
Mts or zones oflife according to the capacity 
pf its animals and plants to resist exposure 
lo air. At extreme high-water mark, or 
fven above it, flicked only by occasional 
spray, there are still barnacles and the 
dwaif spccK's of periwinkle, there are green 
stMveeds in the brackish pools, and the sea- 
jlait'i Ligia runs about among the stones, 
ti giant woodlouse that is tied here between 
iea and land. Between tide-marks brown 
ifaweeds jiiedominate, a number of kinds 
[il them zoiK' by zone as we descend. Most 
have gas-hl.idders on their leaves to lift them 
u\) low aids the light directly the waters 
aivrr them, and lo help minimize the danger 
i)f being smashed against the rocks by 
iiicakers. 

Below- them comes a zone of great ribbon- 
ueeds fLa’ninaria), that are only uncovered 
^11 the lowest spring tides ; and thf!se arc 
iiii\e(l with many red seaweeds, which 
Ltiow lapidly scarcer as we return land- 

uaifls. 

Ihe ert'atures of the shore wake to activity 
I'oi oiice but twice in every twenty-four 
I'oiiis, when ilie tide comes up and they 
tan expniid in the salt emlirace of sea-water, 
jlic pinneval fluid that bathes and supports, 
l^dngs iood and distributes marrying cells 
and spores. Many of the obvious character- 
mics of sea-shorc creatures are devices for 
iving ihu)U|rh the periods between the 
viviiying visits of the water. The barnacle 
. uncompromisingly shut while 

Ihe door, however, is on the 
^han barred and bolted tight. 
Jf sizzling noise you may hear on a 
‘ barnaclc-encrusted rocks is the 
ju ijiudiiious tiny bubbling of the thousands 
Th ^ r shell-imprisoned crustaceans. 

f^a.ch day, when the 
bacr^ attention, the panels slide 

niicroscopic casting-net of 
^ begins its rhythmic task, 

few v' -'i I’ water, makes journeys a 
long, to btpwse on wel^ ; when 


the tide Ms he returns to his familiar home, 
a slight depression in the rock which he has 
worn, and sits upon it with tent-like shell 
just raised to admit air. The mussels change 
as the tide goes out from busy sifters of 
debris to passive lumps of flesh shut in a 
strong blue shell. The tube-worms under 
the daylight air are all deep in their tubes, 
waiting for the water’s renewal before they 
spread their flower-like tentacles ; many of 
them have little doors to close the mouths 
of their homes. 

The flattened shape of shore-crabs is 
adapted for retreat into crevices when the 
tide goes down ; there to stay, audibly 
bubbling as they brealhe, until the water 
rises again and they can sally forth on their 
scavenging jobs. In the moist miniature 
caves under rock ledges, sea-squirts and 
brilliantly coloured soft crusts of sponge wait 
with their apertures tight closed ; sea- 
anemones are converted from carnivorous 
flowers to mere jelly-blobs. Some sponges 
that live in this situation differ from their 
permanently submerged relatives, which are 
barrel-shaped, in being flat and leaf-like. 
When the tide ebbs away, their two sides 
come together and retain a film of water. 

Out on the sand and the mud, life disap- 
pears when the tide goes down. The buried 
cockles and clams and razor-shells withdraw 
their siphons -water-inlets and outlets — 
far beneath the surface, and the sand-eels 
burrow deep. Many creatures seek refuge 
from the air under stones -crabs and other 
small crustaceans of many kinds, little 
starfish, long green or ])lack Nernertine 
worms coiled up like skeins of ribbon. 
Even some fish and an occasional young 
conger can be uncovered by turning over 
the rocks between tide-marks. Among the 
colonies of hydroids and poly/oa that grow 
on rock and weed the tiny polyp.s are all 
withdrawn into their sheltering cups, which 
are often provided with some form of lid ; 
and the periwinkles, withdrawn into their 
strong shells, close their homes with the 
horny door they carry attached to their foot. 

But hard upon the retreat of the waters 
comes another fauna — a multitude of birds 
and mammals (man the chief among the 
latter) searching the pools and sounding 
the mud for the hiding water-feeders* 
Here and there in this world of waiting, 
hidden creatures are pools left by the retreat- 
ing sea ; and in these the varied population 
is a revelation to the ordinary landsman. 
There arc so many patterns of life aniongj 
them which he has never met before, so 
many unfapailiar ways of living. The rock- 

5«5 



BOOK 6 


THE SCIENCE OF LIFE 


poob are seas in miniature. There you 
may find animals getting their food by ways 
unknown on land — current-sifting tube- 
worms and molluscs, plant-like tentacle- 
spreaders like hydroids and sea-anemones 
(it is an unforgettable sight to see an unwary 
fish, venturing too near one of these animal 
blossoms, suddenly trapped and paralysed 
by a tentacle and drawn down to the gaping 
mouth) ; animals which browse, not on 
plants, but on other animals, like the lovely 
eolid sea-slugs that nibble hydroid polyps 
(and store up the nettle-cclls of their prey, 
unexploded, in the tentacle-like projections, 
full of outgrowths of liver, with which their 
upper surface is beset, thus arming them- 
selves with borrowed weapons) . There, tQo, 
you may see animals which still reproduce by 
discharging a whole population of cells into 
the ambient water ; animals with no head, 
like starfish ; and animals with no mouth, 
like sponges. To watch and cogitate upon 
the life of a rock-pool near low-tide mark is to 
take a broad elementary course in marine 
biology. 

There are three main types of shore 
habitat — rocky, sandy, muddy. On rock 
sea-life is adapted for clinging tight, for 


chapter , 

resisting the pounding of thr- wav« r 
retreating into cracks. Hen,.* ]• ’ 
barnacles, dog-whelks, tough 
weeds, flattened crabby creature , enc ^ 
sponges and sea-squirts. On sand atid!!"? 
the urge is to burrowing. th^ 
worms and clams are suprem- , but th 
are also heart-urchins and a certain nnmW 
of crustaceans, and even one or two peculi 
sea-anemones. The animals often 
remarkable anti-clogging adaptations 1 
that they can breathe in spite (jf sand’ md 
mud all round them. The crab Galappa 
has its claws converted into tight-fulina 
doors that keep out sand, leaving only two 
pairs of holes in front for the entrance and i 
exit of the vital respiratory current. And i 
others, such as Corystes or Albunea, conduct 
clean water down to their gills through a 
‘‘ siphon ” made of their two antennj 
joined to form a tube by the hairs along 
their edges. 

On some tidal mud-flats the cel-grass 
can grow — one of the very few flowering 
plants that have re-invaded sea-water, and 
so one of the very rare sea-plants with true, 
absorptive roots — and its long ribbons provide 
a habitat in themselves for animals. There 



Fig. 249. Adaptation to life in sand. 

From left to right : A heart-urchin eating sand in its burrow ; it keeps the entrance passage open by means oj u 
tube-foot. A clam with its inlet-tube collecting water and fine particles from the surface of the sandt o'J ou ^ 
discharging upwards. A tube of Balanoglossus {Fig. 77). The tubtPh' about eighteen tnches deep ; the saw! 
animal eats is pushed out as castings. Between th tnlet and outlet is an Amphioxus with only its mouth pro 
another mouth is seen farther away. A ragor-shell clam with inlet and outlet tubes above and the distensiwr j 
which it burrows protruded below. Inset below ^ the crab Corystes breathing by a tube formed of its ori((n 
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finr) n.'>t-fish (swimming and resting 
" . u, 10 Emulate the grass fronds) ; the 
’ iM icean SquiUa with its claws 
,0 do c into a groove like the blade 
f knilV coelenterates like Haliclystus 
,^,2) .iiuiched to the leaves ; and many 

range of the tides, the inhabi- 
^ of sand, mud, or rock continue to 
how ihc same general differences as between 
(Ic-marks. Creatures with special adapta- 
ioiis for temporary exposure to air are, of 
oursc no longer found ; but a greater 
ihundanco of fully marine animals takes 
heir place. The number of free-moving 
inimals especially increases below tide- 
narks, notably the fish and crustaceans. 
3n rocky ground the fish tend to resemble 
heir surroundings protectively by their 
ilotchy colouring and projecting tags of 
kin that break their outline ; the swimming 
riistaceans, such as prawns, are a trans- 
larent green. On sandy bottoms the most 
ypical crustacean is the shrimp. Shrimps, 
ike llat-fisli, are strikingly protective in their 
olour, and both have the instinct to burrow 
lown and lie half-buried in the sand. 

The abundance of life in this well-lit 
:()ne beyond low-tide mark is extraordinary ; 
)ur figures give an idea of the populations 
)ii and in different kinds of sea-bottom, 
rins bottom-supply is of the greatest 
inpor lance to many kinds of fisheries. 
Tiice, for instance, are bottom-feeders, 
Tiuch the most important item on their menu 
in the North Sea, at least) being a little 
him called Spisula. Spisula is exception- 
illy abundant on the Dogger Bank, and this 
s why the Dogger is such good fishing ground. 
Indeed, experiments with marked fish show 
hat on the Dogger Bank plaice grow almost 
wicc as fist as off the Dutch coast. Between 
ade-marks, the zones of life were dependent 
apon times in and out of water. Below 
hie reach of the tides, zoning of this sort 
disappears, and its place is taken by a 
zoning dependent on the rapidly decreasing 
hghl-inteusity. But this wc have already 
discussed (§3). 

§6 

Coral Reefs and Islands 

No account of the world’s habitats would 
t'omplete without some mention of corals 
work. The formation of whole 
ands 1 )r the habitation of man by the 
^ '‘ceasing industry of the tiny polyps (or 
P as they arc still sometimes 

li. popular books — a survival from 


certain pre-Linnaean attempts at zoological 
classification !) has always fascinated the 
human imagination ; and tlie sheer beauty, 
the strangeness and the variety of a coral 
reef have captivated all lucky enough to 
set their eyes on one. 

Corals, broadly speaking, are polyps, 
belonging to the coelenterate phylum (Book 
2, Chap. 4, § 3), which secrete a skeleton 
of lime. Most of them, but by no means all, 
belong to the same group as the sea-anemones. 
Most of them, too, are colonial, but there 
are plenty of solitary “ cup-corals.” The 
variety of their growth and construction is 
very great. Some, like the organ-pipe coral, 
grow as parallel tubes ; others arc branching 
and tree-like, like the precious coral or 
the stags-horn ; others again, like the 
brain-corals, produce great rounded masses 
of limestone ; still others grow into flat, 
ridged disks, which look like the top of a 
mushroom turned upside down and con- 
verted into stone. 

There are two very important facts about 
coral biology which help us to understand 
how reefs are made. One is that most 
corals are not really just animals ; they are 
compound creatures like hydra and the 
many others discussed in Book 2, Chap. 6, 
§ 5, consisting of an animal living in an 
obligatory partnership with a plant. The 
animal partner, as we have seen, is a polyp. 
The plant, as in most of these partnerships, 
is a single-celled green alga, which swarms 
in the tissues of the polyp. In one or two 
species of corals the polyps have lost their 
mouths and feed entirely by digesting some 
of the green cells, which on their side 
multiply so fast that they can afford to pay 
this tribute in return for the shelter and the 
supply of nitrogen which they receive. But 
in most cases a smaller toll of green cells is 
exacted, and the polyp supplements this by 
the ordinary sea-anemone method of catching 
animal-prey. In all cases, however, this 
army of corals which has gone into partner- 
ship with plants is definitely dependent on 
its partners : without their aid the polyps 
cannot exist. And accordingly all such 
types are restricted to shallow water, where 
enough light penetrates for the green plants 
to utilize their energy-trapping powers. 
Reef-building corals are scarcely ever found 
below thirty fathoms. 

The other -point is one of more general 
application. It is that, for chemical reasons 
into which wc need not enter, animals find 
it much harder to extract calcium from cold 
than from warm sea-water. And since 
calcium is the main ingredient of limy 
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skeletons, animals with such skeletons 
flourish much better in warm se^. In 
almost all group^ the number of kinds of 
animals that scaffold themselves with lime 
decreases rather rapidly as we pass pole- 
wards, and in polar seas the horny substance 
chitin largely replaces lime as the chief 
material for skeletons. Corals are one of 
the best instances of this rule. There do 
exist solitary corals in north temperate 
waters, but reef-building corab will not 
grow where the temperature of the surface 
water falls below 70° Fahrenheit. 

These two peculiarities restrict coral reefs 
to the shallow water of an equatorial girdle 
rather broader than the tropics. And this 
has, as further consequence, that, of all the 
calcium dissolved out of limestone rocks 
and poured into the sea by rivers, a great 
mass is being built up in solid form in this 
girdle which the world wears round its 
middle, and very little anywhere else. 

Three chief kinds of coral reefs exist. 
There arc fringing reefs which hug the coast 
and have no deep-water channel between 
them and the land. I’hen there are barrier 
reefs, which enclose a lagoon, usually deep 
enough for ships, but never over fifty fathoms, 
between themselves and the coast ; and 
finally there are atolls, which do not border 
land at all, but consist merely of a coral 
platform rising out of the sea, its central 
cup covered with water and forming a 
lagoon, its rim raised to make a more or 
less continuous above-water circle. 

Fringing reefs one can easily understand ; 
they are what we should expect to find where 
conditions off a coast allow the growth of 
corals. But how explain the barrier reef 
and the atoll, with their wide lagoons and 
their steep outer slope, often extending down 
hundreds of fathoms into deep water ? 
How can the deep foundations of these 
dams and pyramids have been laid, if the 
polyps cannot live more than a few fathoms 
below the surface ? • 

Darwin sought to explain their origin 
by supposing a subsidence of land fringed 
by such a reef. As the land sank, new coral 
growth would be built up on the old. The 
reef would grow in height, and it would 
extend inwards as the land area shrank. 
Blocks of coral, piled up by the waves and 
cemented together by lime, would make a 
rampart on its seaward’ s^ide, while the 
scour of currents in somu places and the 
deposits of fine mud and saqd ifi others would 
check the coral growth VvithinN rabed 
edge, thus giving us both barrier sipd lagoon. 
If submergence were coi^tinued V^^til the 
528 


IE OF LIP# CH,,pte^ 

last vestige of the original laiM had a- ^ 
peared beneath the water level, the 
reef would be converted into ai atoll 

This theory, while it undoubi t di v arr. 
for some of the facts, will b L 
explain them all. It has since hoen 
out that atolls might come imo bdng . 
other ways. Submarine eruptions are 
infrequent, geologically speakin.., and mT 
throw up volcanic cones above' sia-levd- 
but the erosive action of the waves is ’ 
great that such piles of debris, unless verv 
large, are quickly eaten away and tl2 
tops eventually smoothed off flat well below 
the surface, thus providing an ideal platform 
for a future atoll. Indeed, wherever land 
is rising, but rising slowly enonirh for the 
waves to plane its head or its shoulden 
down to such a platform, atolls or barrier 
reefs may grow. 

Still another view suggests that, however 
originated, the coral reefs that we know 
to-day have made most of their ^aowth since 
the Ice Age. For during the main t^laciaiions 
so much water was locked up on land in the 
ice-sheets that the sea’s level was consider- 
ably lowered ; and when this solid water was 
melted and restored to the sea tlic resulting 
submergence would mean rapid upward 
growth of corals. In support of this we have 
the calculations of Dr. Mayer, who showed 
that for Samoa, at the present rate of 
growth, all the existing reefs could have been 
formed since the Ice Age. And from other 
regions comes evidence of the decay rather 
than the growth of reefs, as il' the rapid 
growth favoured by the post-ghicial sul> 
mergence was now choking itself. ; 

But whatever be the origin of cor.il la^nintis, 
there is no doubt that they provide .) peculiar, : 
varied and very lovely habitat. Mr. Beelx:, 
in his Beneath 7re/?zr .S'tffli, has destrihed ihf 
beauties of this submarine world as seen 
from a diving-dress ; and Mr. Pritchard 
has even sat under water in a diving-dre« 
to paint them for us in colours and media 
that are unaffected by sea-water. The cord 
pillars shoot up from the floor of coral sand 
over coral rock ; there are arches, doorway’s, 
caverns of coral. Fish of fantastic brillian^ 
dart in and out, the crevices are full o», 
strange worms and crabs, here and th^ 
the lagoon floor is scattered with star-fw 
and sea-urchins and bright-coloured shells- 
And the lives of all these creatures arc 

centred upon the dominant growths of coral, 

these strange compounds of flower-lihe polj? 
and JHucroscopic green vegetables, as iW 
lives of all the animals and plants oi 
tropical forest are centred upon tretfj 
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and Comers of Sea-life 

n ^ fould continue telling of sea-life 
ai ihis work and never be done, 
"'S various it is-., But we have 
rf, of the land before us still, and we must 
" i'f l„ this last marine section we 
II b ine together some of the sea s inter- 
L nunor habitats. One of the most 
larkablc of special sea-shore habitats 
^hr inaiiffrove swamp, found so often in 
‘ ical estuaries. Here the strangest mix- 
r - of creatures from land, fresh-water and 
meet each other. The mangrov^ and 
her kinds uf trees invade the mud-flats, 
in^r ihfir roots as stilts to keep their steins 
.h Millions of crabs dodge in and out of 
e roots , the mud is often as full of holes 
a sieve - the work of armies of fiddler- 
,ii)s, the males with brilliantly coloured 
as bi^^ as their bodies, who scurry over 
(• surfiee and pop sideways in and out 
‘ the holes ; oysters grow on the mangrove- 
K,is ; the half-terrestrial fish Periopthalmus 
'i<r, 22 ']) skips over the mud with the 
cfol ils'fins ; at low tide the ants, descend- 
Iroiri their nests in the trees, may be 
m as they forage over the mud round pools 
I which sea-anemones still spread their 
ntdcles ; and birds, lizards, and monkeys 
)mc down to steal what they can trom the 
■it’s harvest. 

I'he mangroves live by turning their roots 
ito stilts ; and they reproduce themselves 
\ making dibbles of their seedlings. An 
idiiiary seed or fruit simply dropped on to 
le mud would be washed away by the tide. 
iCfordingjy, the mangrove fruit is never 
led, and the young plant actually germinates 
iihin it. In the course of six or eight 
lonths it develops a long, solid spike-like 
utgrowih, a foot or eighteen inches long 
lid up lo an inch or more thick, which 
orccs its way out through the fruit-wall, 
h last the whole embryo plant, now weighing 
Ijout thiee ounces, breaks loose from its 
‘^reni, and falls, heavy and spear-like. 
Hius it stabs itself into the mud, penetrating 
hither even at high tide through a foot or 

0 of water. And at once it expands its 
<‘iivcs and begins to grow. 

A wicif ly distributed way of under-sea life 
^ that of the boring animals, some tunnelling 
^ 'vood^ some in the shells of other creatures, 
e\<‘n in solid stone. The wood-borers 
^1‘e still the cause of great damage to wharfs 

1 MM 


and piers, and the worst of them, the much- 
dreaded shipworm, was in the days of wooden 
hulls the cause of serious loss among ships. 
Drake’s Golden Hind was infested with ship- 
worms ; and at one time their borrowings 
in the limbers of Dutch dykes threatened to 
let the sea in over Holland. 

llie shipworm, Teredo, is a bivalve 
mollusc, whose body has been elongated 
till it looks much less like a mollusc than a 
worm, while its shell is reduced to a pair 
of hard chisels at one end, which are moved 
up and down by powerful muscles and serve 
to excavate the animal’s burrow in the 
wood. The shipworm is further remarkable 
in that it is one of the few highly organized 
animals capable of digesting wood-fibre. 

Its stomach secretes a digestive ferment 
which converts some of the wood into sugars. 

It is the only boring animal in the sea 
which is entirely dependent for food as well 
as for shelter on the material in which it 
bores ; and it is so strangely specialized that 
it can only begin a burrow at one very early 
stage of its existence. II an adult shipworm 
is taken out of its burrow, it cannot make a 
new one, but dies helplessly. British ship- 
worms are rarely more than eighteen inches 
long, but there is a tropical giant which may 
grow as thick as a man’s arm, and six feet m 

length. , 

Crustacea take to wood-bormg as well as 
molluscs ; among them the gribble {Lm- 
noria) is the worst offender. These are tiny 
creatures, related to the wood-lice, which 
rasp themselves tunnels with their jaws. 
Usually they live by pairs, a male and a 
female in each burrow, the female apparently 
doing most ol the work. The damage 
can do may be realized from the fact that 
up to four hundred of them have been 
found under one square inch of wood 
surface. 

Among shell-borers the sponge C iona is 
the best known. Its boring activities (earned 
out apparently by chemical means) are the 
cause of the holes and tunnellings so fre- 
quently seen in oyster shells. It burrows 
also into limestone. This sponge is the cause 
of considerable loss on some oyster-beds, tor 
when it is really flourishing it may kill oysters 
by completely rotting and disintegrating 

their shells. . i • 

Another borer which uses chemicals is the 
date-mussel of warm se^ ; it burrows into 
limestone by dissolving it with acid from a 
special gland. The familiar Piddock or 
Pholas, however, rasps holes in jocks ot 
various kinds by means of its shell, as the 
shipworm does in wood. Then there are 
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sea-urchins which by unknown means 
excavate little hemispherical chambers for 
themselves in rocks ; and rock-boring worms ; 
and even seaweeds which use acid to 
excavate homes for themselves in lime- 
stone. 

The boring habit is by no means confined 
to water-animals. There are no rock- 
borers on land, but wood-borers are numer- 
ous enough, almost all of them being inserts. 
Though many of these feed on the wood 
they eat, yet none do so unaided ; they all 
depend on the chemical activities of bacteria 
or protozoa, which they carry about with 
them inside — a specialist kitchen-staff. 
Many other insects once reputed wood-de- 
vourers have now been shown to feed on 
the moulds and other fungi which grow 
on the damp walls of their burrows. But 
whether they use the wood or no, they one 
and all inflict damage, whether they be 
termites or beetles, moth-caterpillars or 
wasp-grubs, and the damage is sometimes 
serious. 

But we are getting away from the sea, 
and before we leave it for good wc must speak 
of one curious group of creatures — the 
lazybones of marine-life that get carried 
about free of charge and effort. Floating 
objects will naturally be covered with the 
same sort of creatures as grow fixed on more 
stable hard surfaces ; yet the landsman 
is always amazed when he sees the mass 
of creatures that succeed in growing on a 
ship’s bottom within the space of a year or 
two, so dense that they cut down her speed 
by ten or twenty per cent. 

Prominent among these foulers of ships 
are the goose-barnacles ; these, though they 
grow on piles, too, seem to have been specially 
evolved to hang down in the water from 
floating bits of wood. Big fish and turtles 
and whales are, from the point of view of 


such hangers-on, merely bit of = 
substance which have the adv,.. 
moving quickly; and they, i,k, 
covered with uninvited guests T nr. 
the habitat provided by^h^^^ 
different from other floalirirr habi 
have some unique inhabitant! Th ^ 

certain kinds of giant acorn-barnacfe'^liri 

live exclusively there, anchored in a w , 
way in the leathery skin. 

But the most famous of all these passc„„en 
IS the sucker-fish or remora. This 
on Its head a powerful sucker, produced i 
the course of evolution by the transformaii, ", 
of Its back fin. With this it sticks itself on 
to big marine creatures, usually sharks 
and is whisked ' from place to place 
detaching itself when the shark makes I 
kill to feed on the fra^ents. So tight docs 
the remora stick that in several parts of the 
world man makes use of it to catch fish and 
turtles for himself. Professor Haddon lus 
given an interesting account of this method 
of fishing among the natives of Torrt's 
Straits. First you catch your remora ; 
you attach it to your boat by a string ihroueii 
the base of the tail, and then proceed in 
search of turtle. When you see one, yni 
creep softly up, and throw your remora 
towards it. The remora, prompted by ih 
violent instinct of attachment, darts for the 
turtle and fixes itself to the shell. If the 
turtle is smallish, you simply haul it in. 
if bigger, you may yet have a chance of 
spearing it. 

One final point about the sea a.s habitat 
it is singularly bare of insects. A few spend 
their larval lives in it ; and there is one 
solitary species of fly which spends its whole 
life in salt-water. It is the only region in 
the world of life, except for a few cold and 
snowy wastes, where insects are not one ol the 
major groups. 
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§ 7 - 


§ I 

Fresh-water Life 

\ TASTER EVERYMAN, when he visits 
Mthe country, likes to lean over the 
,des of bridges and watch what is going on 
,clow the suiface of the moving stream. 
Vnd his interest in brooks and ponds some- 
iincs distresses his parents. But he is 
ascinated very powerfully by the unfamiliar 
\ork\ that exists under water. As he grows 
m the pressure of earning a livelihood, the 
rrdvvth of other interests, the restrictive 
’icdi,dngs of convention, are more than likely 
0 snufFout this healthy and natural curiosity, 
\hi('h is the necessary basis for science, 
.et the boy indulge in it while he can. 
Meanwhile, what does he sec from his 
)iidge? He secs plants that trail and swirl 
tisicad of standing firm and erect j ^ he 
CCS occasional fish dart from one hiding- 
)late to another, or use their tail-propeller 

0 poise stationary in full current. There 
irc water -snails, different in shape from the 
nails of land ; in the quiet backwaters and 
•ddies near the bank the whirligig beetles 
ivhirl and the water-skaters precariously 
kale on nothing but the water’s own surface- 
ilni. On the bottom are little caddis-worms, 
lowly crawling about with their houses 
>n their backs — houses they have made for 
ilicmselvcs out of sticks or shells or little 
'tones If he is lucky, he may see the larva 
^f a dragon-fly or a may-fly crawling out 
)f water on to a rush, bursting its skin, and 
L’seaping, a winged and aerial creature. 

And then he goes to his favourite pond, 
‘^rmed with jam-jar and little muslin net. 
Etc surface is half-covered with a green 
dtcet of duckweed — a plant that has reverted 
to the lowly condition of a mere plate of 
tissue — and starred with white flowers 

01 water-croNvfoot. With his net he picks 

a stickleback or two, and some hand- 
newts with their black-and-orange 
^dhes. Then there are magnificent great 
J^^iter-bet^^tles, smooth and shiny, stream- 
ttied like a submarine, and provided with 
t^^r-like legs ; and unpleasant creatures 


half-way between a grub and a small 
Chinese dragon, with formidable sickle-jaws, 
which, though he does not know it, are the 
larvae of these same water-beetles. He 
catches plenty of water-boatmen, which he 
notices (he is an observant lad) prefer to 
swim upside down, and is lucky enough to 
find a water-scorpion. Snails’ eggs in trans- 
parent jelly-masses there are in plenty on 
the water-plants ; the newt-tadpoles with 
their feathery gills are growing up ; and 
the place is teeming with just-visible water- 
fleas. 

It is indeed a strange world, and a varied 
world, this world of fresh-water life ; and 
Master Everyman could go on exploring it 
for long years without exhausting its surprises 
and its interest. And yet it is but a pale 
shadow of marine life. The chief reason for 
the lesser variety of the life "of inland waters 
is that many aquatic phyla and classes have 
never succeeded in quitting the sea. Only a 
few groups of water-dwellers like the aquatic 
insects, the ciliates and the rotifers are more 
abundant in fresh- than in salt-water, and 
one only— the amphibia— is wholly non- 
marine. 

Life in fresh-water demands certain 
special adaptations which not every group 
of animals has been able to produce. The 
restricted size of most bodies of fresh-water 
is unfavourable ; whales or giant jelly-fish 
or the most active type of pelagic fish could 
not very well thrive even in large lakes. 
The small amount of salt in the water creates 
another difficulty. Blood contains salt as one 
of its most necessary ingredients,^ and 
wherever blood comes in close relation to 
fresh-water, as in the gills of water-animals, 
there is a tendency for salt to leak out and 
for water to leak in. In amoeba we saw a 
special structure, the contractile vacuole, 
everlastingly baling out water from the 
microscopic inside. In frogs and toads, 
the kidney has undertaken this duty ; if 
a frog’s ureter is blocked, and the animal 
is then immersed in water, it swells prodigi- 
ously. Bony fish have the power of keeping 
their blood-concentration almost constant 
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in spite of variations in the salt content 
of the water, and hence are well represented 
in rivers and lakes ; but in the gristly fish the 
blood alters with the surrounding medium, 
and, accordingly, sharks, dog-fish, or skates 
are almost unknown in fresh-water. The 
absence of salt also means a lower density, 
and this (as any bather knows) makes it 
more difficult for free-swimming and free- 
floating creatures to keep up ; as a result, 
we find that the average and especially the 
upper limit of size of fresh-water plankton is 
much below that of marine plankton. 

Changes of temperature are in general 
more extreme in fresh- than salt-water, 
so that no animals which are intolerant 


of wide alterations of heat and cold can 
hope to leave the seas. Again, the danger 
of being carried away and down to the sea 
is ever present in rivers and in most lakes ; 
and when that possibility is absent, there is 
often the danger of drying up or of rapid rise 
in salinity. In all these respects fresh- water 
is a more exacting environment than the 
sea, and many of tlie sea phyla have alto- 
gether failed to spread from their original 
home up the rivers into inland waters. But 
in contrast to this comparative poverty of 
primitively water-living creatures, we find 
that the so-called secondary aquatics — 
animab or plants which have gone back to 
water after a period of land-liie — ^are much 
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more abundant and varied in fresh 
than in salt. Any land-creatur( 1^. 
to overcome difficulties even m ^re 
than those we have just considered 
Its arduous training, finds fresh-^ater n 
comparatively easy. Moreover, that I 
secondary aquatics should pnu r 
waters to the sea b perhaps to ])<> expected 
since for one thing they are n(U so over 
crowded with life, and for another the extern 
of shore-line inviting the evolutionary 
is much greater, in spite of the total volume 
of water being so much less. I here art- 
plenty of secondary aquatics in the sea- 
whales and dolphins, seals and turtles 
plants like the abundant eel-giass ; but 

t y in a k e | 
only a pcKn 
show coin- 
pam-d with 

those of fresh, 
watei- all the 
cohort oi 
fresh-waiei 
insects, spi- 
d e 1 s a n d 
mites, fi('sh- 
vvater snails, 
fresh-w alei 
lungdirealh- 
ini; veitc- 
brates sutdi as 
ri e w t a ii tl 
crocodile and 
terrapin, and 
all the in* 
n u in era hie 
flowering- 
plantsofiresh* 
water—vvat(‘r- 
1 i 1 i {‘ s and 
water-crow* 
fool, lotus 
and arrow- 
head, pond- weed and bladder- wort. 

The main reason why a number ol land* 
vertebrates have taken to fresh-water (die 
reason holds for hardly any which luive taken 
to marine-life) is to escape terrestrial heat 
and terrestrial enemies. Such creatures 
often have the shape of their head nuxlelied 
in adaptation to their amphibious lile ; 
nostril and eye arc rabed on protuberances so 
as to be above the water-line when the animal 
is floating — one has only to think of the 
silhouettes of frog, crocodile, and hipl^‘ 
The conning- tower and periscope ol sub- 
marinetf^nare analogous devices ol man s 
contriving. 

The smallness of most bodies of fresh* 



Fig. 250. Fresh-water carnivores. 

Three water-beetles which use the hind pair of legs as oars^ eating a small fish. Inset, the larva Oj 
two kinds of water-beetles ; left, the Hydrophilus grub feeds on pond-snails and eats them out of 
water ; right, the Hydrous larva caUhes its prey under water but bjh it into the air to eat it. Both 
obtain air for breathing by pores at their htnd end. {Inset from “ Concerning the Habits of Insects, 
by Prof. h. Balfour Brown, Cambridge University Press.) 
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is an important factor, for it leads to 
bein-; frozen when the inexhaustible 
would be merely cooled a trifle, dried 
up would evaporate a 

fiction nK»re from its surface. And this 
has imposed remarkable powers of self- 
tection on many fresh-water creatures. 
In tcmpeiate regions, they usually tide over 
the winter by means of a resistant festing- 
phase, wldrh may be egg or gemmule, 
seed or pui^i. Frequently, the need for a 
resistant \Mtiter stage together with that for 
[he utmost possible utilization of summer’s 
\v.innth lias led to a remarkable type of 
life-cycle, in which generations of nothing 
but females, all parthenogenetic (Book IV, 
Chap. 2, § 5), succeed each other throughout 
the summer, while autumn brings males and 
sexual females, which produce fertilized 
" winter ettgs,” hard-shelled and cold-resist- 
iiig, which will only hatch out in the following 
spring. This type of life-cycle is found 
rotilers 


for a few vast lakes) they do not provide 
enough room for considerable waves to 
develop. This and the shelter afforded by 
banks mean that the surface of fresh-waters 
will often be smooth, and this in its turn 
has encouraged the development of animals 
and plants of a type almost unknown in 
salt-water, which live in relation to the 
surface-film. Some of these actually live 
wholly in air and support themselves on this 
fragile watery skin, some suspend them- 
selves from it down into the water, and a 
number live actually in it, their top-half 
out of water, their bottom-half in. Among 
plants, the duckweeds are the most com- 
pletely adapted to this border-land existence, 
but all the forms, like water-lily and lotus, 
in which the upper surface of the floating 
leaves is dry, belong to the same general 
type. Among animals, the whirligig beetles 
live most of their active life in the film, so 
much in it that their eyes arc divided into 



Fig, 25 1 . The fresh-water profile. 

Frog, crocodile^ and hippopotamus all raise their eyes and nostrils on protuberances to be above the 
water-line when thev float. {Modified from R. Hesse.) 


and in two 
s c ji a rate 
groups of 
(' r 11 s 1 a (' e a ; 
hut It occurs 
only among 
their fresh- 
water forms. 

Ccitain full- 
i(rf)wn rotifers 
cm ])c frozen 
solid and re- 
main for a 
very lont; time 
m cold .storage without taking harm, 
V)riic uliich were thawed out by the Scott 
Antantic Expedition could not have been 
less tli.in five years in this stale of suspended 
aniniatuni. 

In many small Crustacea, inhabitants of 
small pools in dry climates, the fertilized 
is not cold-resistant but drought- 
f<^sistani. In fact, in some cases a prelimin- 
ary thoi ough desiccation of the eggs appears 
be necessary if they are to develop at all. 
Many rotifers, on the other hand, as well 
^srnosi tardigrades (bear-animalcules), and 
w course many Protozoa, can be desic- 
c^ted entire even when adult, and will yet 
revive again on being moistened. These 
ffmarLible resistances to freezing and drying 
arc not present in any marine animals — 
aie not wanted in the sea, there is no 
in favour of them, and so they have 
bff.ii evolved. 

. ^ be .smallness of fresh-waters has another 
^"^poriant result, for it means that (except 


two parts, the upper adapted for seeing 
in air, the lower for seeing down into the 
water ; and the water-measurers actually 
treat the surface pellicle as a floor, and can 
skate over it dryshod, merely dimpling 
it with their feet. Many water-snails, on 
the other hand, even quite large ones, can 
use the surface-film as a ceiling, clinging to 
it with the surface of their foot and crawling 
along it ; and Hydra may sometimes be 
seen doing the same thing. The eggs of 
many gnats and mosquitoes float in a raft 
in the surface-film ; their larvae, while they 
breathe, suspend themselves from it by 
means of a star-shaped set of plates at the 
end of their breathing-tube ; and when their 
pupae moult into winged adults, these arc 
only saved from drowning by being able 
to support themselves on the film as they 
struggle out. Almost the only creatures of 
the sea’s surface-film are the siphonophores, 
with sails sticking up into the air, and polyps 
and tentacles dangling downwards into the 
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water, and a marine water-measurer, the 
sca-stridcr Halobates, which may skate over 
the waves to quite a distance from land. 

In connexion with this life between air 
and water, we meet with further adaptations. 
The South American, Jagana, a bird related 
to the moorhen, is adapted to walk over 
lily-pads to find its food. For this purpose, 
its toes are enormously elongated, to spread 
its weight over a greater surface of leaf, 
as skis or snow-shoes spread weight over a 
greater surface of snow. And there is 
Toxotes, a tropical fish, which stealthily 
stalks insects sitting on water-plants, and 
then shoots at them with a rapid jet of 
water from its mouth. The insect, thus 
brought down to the water, is held struggling 
there by the surface-tension of the surface- 
film, and is promptly swallowed. 

These creatures again remind us of the 
fact we stressed at the beginning of this 
section — that fresh-water animals and plants 
are highly specialized. The original home 
of life is the salt sea ; to become adapted 
to living in saltlcss waters is itself an 
achievement. 


3 

§2 

The Life of Flowing lv,iiers 

One general characteristic of all nm • 
waters is that they have no true or 
nent plankton of their own. Plankton^' 
constantly entering rivers from Ixlow at th/ 
mouths, and from above out of lakes • I 
it cannot colonize them. Plankton ’w 
the sea cannot swim upstream; pla„k,o„ 
from the lakes is all, sooner or later swen 
out to sea. The open water of rivers is not 
in itself in any way unfavourable to the 
growth and multiplication of plankion^the 
small Crustacea and especially the quick- 
generationed rotifers from lake-plankton 
may grow and reproduce throu^rh several 
generations when swept into rivers ; bm 
all this multiplication is pure waste as regards 
the species, although, of course, it may serve 
in feeding other creatures. This* source 
of food may be important ; where the waters 
of the Elbe are slowed down on entering 
its estuary, over ten million plankton Crus- 
tacea may be found in every cubic yard of 
water. All these millions of creatures will 



Fig. 252. Pond-life at the surface-film. 

WaUr-lilies send their leaves to rest on the surface ; duckweed plants float there, with roots hanging down. 
me^urers skate on the film ; a waUr-scorpion, several gnat pupa and Ima^ and a water-beetle larva {seizing a tadpolf> 
poke their breathing-tubes through it. A small water-beetle carries down air under his wing-cases, a water-spider 
transports air with which to fill its waterproof nest. Whirligig beetles swim in the film ; a pond-snail crawls o<i H ^ ^ 

it were a ceiling. 
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ally f froin the tree of the species, or^ mud, a special fauna arises to exploit 
^ replenished by fresh accidental this bottom layer, and may show some 
Wants from above. The one fact of remarkable adaptations. Aquatic bristle- 
f^has pi evented the rich open water of worms like Tubifex, Limnodrilus and 
from fiossessing its own fauna. Lumbriculus, which resemble miniature 

^'indeed, is rate of flow more than any earthworms, may occur in vast quantities in 
fher single factor which moulds river-life, such localities. In the Elbe below Hamburg, 
Fast-running water hides animals under about 27,000 of such worms may inhabit 
tones robs them of the hairs and bristles one square foot ; at low tide in central 
hv which small limbs become swimming London great patches of the mud can be 
naddles, flattens them, stream-lines the seen coloured dingy red by Tubifex. These 
I contours they expose to the rush of water, worms often construct tubes for themselves, 
i causes them to grow suckers or other They bury their heads at the bottom of these 
adhesive devices, or even forces them to pipes, and cat the slime ; the tubes stick 
ijallast themselves with stones to prevent up like chimneys above the mud-surface, 
their being washed away. Moreover, such and from them project the posteriors of the 
little lar\'a' as serve for dispersal purposes worms, waving rapidly to and fro to facilitate 
,11 the sea are absent in flowing waters, respiration, which is carried on, not only 
Ohelia's first stage is a tiny ciliated oval, by the surface of the body, but also by 
swimming independently about (Fig. 99) ; rhythmically passing water in and out of the 
the fresh-water Hydra spends the same hind-gut through the anus. They are, like 
period of its career in a heavy egg-case on earthworms, constantly eating their habitat, 
the bottom. The lobster or the prawn digesting the nutritious bits from it, and 
p.Lsses through a juvenile open- water phase ; ejecting the rest as castings. Their activity 
the river crayfish develops as an embryo in this respect is prodigious ; a Limnodrilus 
clinging to its mother’s abdomen. an inch and a half long may produce five 

On the other hand, while swift water feet nine inches of fecal castings in the 
encourages animals to temporary attachment twenty-four hours ! The huge numbers of 
and wedgings away into chance crevices, worms j^Jius continually bringing up new 
It discourages all forms of permanently material to the surface, where it can be 
fixed haf)it, for the reason that the bottoms readily oxidized, play valuable roles in 
of swift rivers are largely composed of loose purifying foul water. 

stones which, tumbling over and over, Other slime-feeders, which may even 
afford no permanent abode themselves, and exceed these worms in bulk per unit area, 
would crush most organisms growing on though not in numbers, are little bivalve 
rock ; and, further, food is so scarce or so molluscs. In other parts of the lower Elbe 
rapidly carried past (or both) that animals one of these, Sphacrium by name, abounds 
cannot afford to be tied to one spot. In the to the extent of nearly 7,000 per square foot, 
swift sircams of temperate Europe, only In less muddy regions, the predominant 
thin crusts of one kind of fresh-water sponge river-animals are insect larvae. Everyone 
and occasional colonies of a polyzoan are knows the dense swarms of mayflies that 
h’und in place of the sea’s horde of stalked hover over our rivers for a brief spell in 
animals. Since plants cannot develop tern- early summer. Their adult existence is brief, 
porary anchors, and yet are exposed to the never more than a week, sometimes only a 
^ame violences of current and down-driving single day, for their mouths never open and 
stones, they too are only poorly represented they cannot feed. They have lived all their 
in rapid streams. previous life of one, two, or even three years 

^hat it is the speed of the water, not the in burrows in the banks. Many of the alder- 
size of the stream, which is chiefly responsible flies and dragon-flies and scorpion-flies have 
fcr these adaptations is shown by the fact river larvae too, so that the number of insects 
inat when giant rivers, like the Congo or whose main food-supply is found in rivers is 
Essequibo, have stretches of rapids a very large one. 
their middle course, the fauna and flora All such abundant small animals, at some 
adaptations of precisely the same stage of their career, afford rich food to 
nature as those found in a Westmorland larger forms. Of these the most important 

wck or a Swiss torrent. are the fish. Here, among fresh-water fish. 

In streams with gentler flow, these we are able to trace with beautiful clearness, 
arc not necessary, and are not not only certain definite adaptations to 
inund. When the flow is very slow, slow fresh-water life, but the way in which 

‘‘noui-h to allow the deposition of fine sand increasing difficulties of adaptation weed 
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out more and more of the competitors for 
existence. 

Rivers may be divided into sections 
according to their dominant fish. In 
Europe, the head- water region, with swiftest 
flow and clearest water, is characterized 
by the trout, with minnows, miller’s thumb 
(Coitus gobio) and loach (Cobitis barbatula) in 
attendance. Below this is often a zone with 
dominance of the grayling (Thymallus 
vulgaris), and then the barbel region ; or 
this latter may immediately succeed that of 
the trout. Then comes the quiet-flowing 
domain of the bream ; and down-river from 
this the estuarine region, with stickleback 
and smelt as most prominent members, 
pike and eels in its upper, less salty zone, and 
flounders and, in some rivers, sturgeons 
in the zone nearest the sea. The.se regions 
do not always succeed each other in this 
precise order, since streams may for instance 
have a region of rapid flow and pure water, 
and therefore of trout-fauna, intercalated 
on their middle course. But the order holds 
as a general rule. 

Now as we go up from the river-mouth, 
in the first place the habits and the body- 
form of the fish change. Flat-fish never go 
far up the rivers, since food-rich totoms of 
clean sand are absent. The chiefestuarine 
types are those, like sticklebacks, adapted to 
rapid changes in salinity, or, like eels, to a 
muddy life. Above this stretch, within the 
true river, the shape of the body changes 
steadily with increasing rapidity of current. 
In the lower reaches are forms with poor 
musculature and sideways-compressed body. 
In more rapid currents, more muscle is 
needed to keep up, and the body must be 
more rounded so as to expose less surface 
to the flow of water. At the same time, 
the proportion of mud-rooters diminishes, 
the proportion of those which prey on tit-bits 
floated down in the current increases. 

And finally the number of species dimin- 
ishes. The number of fish species in the 
Rhine is as follows. In Holland, 41 ; in 
the upper Rhine just below the falls, 28 ; 
above the Lake of Constance, 25 ; up to 700 
metres above* sea-level, ii ; up to 1,100 
metres, 5 ; to 1,900 metres and over, only 
3 (trout, minnow and miller’s thumb). 
And similar figures may be found in other 
rivers all over the world. 

Perhaps the most remarkable of river-fish 
are the migratory members of the salmon 
family, which feed and grow in the sea, but 
for their reproduction migrate up rivers, 
often for hundreds or even thousands of 
miles, to the shallow head-waters, where in 
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and their cubs come to the brooks in salm 
time and scoop the creatures out of wa^ 
with their paws. In some spcci,^ ofsalmoT 
the spent fish may drop down to the sea 
again ; but in others, not one of all the 
swarms which enter fresh-water .survives 
they make the great journey but onre m 
their lives, and die when its biological 
purpose has been achieved. During all this 
time the fish seem to eat nothing, and their 
stomachs are contracted and secrete no 
gastric juice. All the energy for the jouriie\ 
and much of the materials for the develoj). 
ment of sperms and eggs are obtained from 
the reserves of fat and musclc-sngar stored 
in the tissues, and even at the expense nl tin 
living flesh itself, so that the fish ar(' left in 
very emaciated state after spawning. 

Considerable dispute has taken place as to 
whether the salmon family were originalK 
fresh-water fish which have taken to maiinc 
feeding because of the greater abunclanrr 
of food to be obtained in the sea, or mariiK' 
fish which have taken to fresh-water breeding 
on account of the greater security provided 
to the eggs and young fry. But (he latter 
view is in all probability true ; so that 
permanently fresh-water species like the 
trout are degenerate or at least speciali/ed 
forms which have secondarily ceased to 
migrate. 

The incredible concentration of these 
fish in the early spawning season at the 
entrances to rivers makes the salmon fishery 
the most important of all river fisheries. 
In Canada alone, the value of the Pacific 
salmon caught in 1922 was thirteen million 
dollars. 

Sturgeon and their relatives behave 
exactly as do the salmon, and like salmon, 
they are captured while on their long 
pilgrimage of reproductive destiny and tuniea 
to human profit. Fresh-water eels, on the 
other hand, execute a breeding migration m 
the opposite direction, as Kingsley ha.s 
vividly described in his Water Babies. 
early autumn the mature eels, leaving 
quiet ponds where they have lived and led 
for years, and, often crawling a 
more across wet grass in the cool night to 
reach the nearest stream, make their wa) 
down the sea. In preparation lor 
migration, they change their whole apf^ar* 
ance, and from what fishermen call ‘ ydhj'' 
cels ” become ** silver cels.” Their bodice 
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, ,ilvci V, their eyes enlarge enormously, 
snout becomes pointed, their repro- 
Trdve or<^<ms swell, and they cease to feed. 
On reaching the sea, the eels are led by 
e iTiy^tc'rious instinct towards their 
Lant iHceding-places in the depths. 
Rnclish and Scandinavian eels, and even 
hose fioin the recesses of the Baltic, travel 
thr whole Atlantic to the borders of 
he Caribbean Sea, where, at unknown 
lepths, they spawn. The eels of Eastern 
'Jorth America, though of a different species, 
pawn close by. Those of Mediterranean 
fountries spawn in the deeps off Sicily. 
The object of their pilgrimage thus attained, 
ihf creatures all die. 

Tlic eggs hatch into transparent leaf-like 
creatures, at one time thought to be a 
distinct genus of fish, and described under 
the name of I.eptocephalus — “ thin-head.” 
fhese migrate slowly homewards, feeding 
and growing all the while. Johannes 
Schmidt has mapped them by their size, 
and by this means was able to show where 
the breeding-place must he. Eventually, 
when iihoiit three years old, and two inches 
and d Iralf to three inches long, they meta- 
morphose rapidly into a miniature eel or elver, 
shrinking considerably as they do so, and 
swim ill dense hordes into the mouths of 
rivers, where they are often caught by the 
hurketful for food. The American cel is 
mure ol a hustler : it metamorphoses before 
It is two. 

fheie can be no doubt that eels were 
originally ruarinc. The conger eel is wholly 
ni.irine, and it too breeds in the deeps and 
has a similar leaf-like larva. So that the 
hnh-water eel is the reverse of the salmon, 
h has kept to its original deep-water 
breeding-place and feeds in fresh-water 
alone. Both salmon and eel have taken 
advantage of their adaptability to penetrate 
from the sea to waters where there is less 
competition, but they exploit fresh-water for 
different purposes. 

A lamentable feature of our industrialized 
'';’orld is the way in which it pollutes its 
rivers. Sewage ; the poisonous run-off of 
wtain kinds of tar on roads ; chemical 
cflluenis of every description — they turn 
St I earns filthy and turbid and destroy 
ibe best of their life. The prevention of 
pollution is a complex problem, with its 
i^cononiic as well as its biological sides, 
and cannot enter into it here. But we 
can drive home the facts vsfith the aid of a 
**^glc example. The sewage and the chemi- 
j in the Thames to-day would kill any 
wnion that tried to swim up or down its 


lower course. But less than two hundred 
years ago, the Thames was a good salmon 
river. And in the thirteenth century, the 
Thames at London was so full of fish that 
when Henry III was presented with a polar 
bear by the King of Norway, it was kept at 
the Tower of London and allowed to swim 
about at the end of a rope and supplement 
its allowance with the fish it could catch. 

§ 3 

The Life of Standing Waters 

The life of fresh-water that is not moving 
is very different. There is no hurrying flow 
to inhibit plankton and larva; or to insist on 
firm anchorage, and the size of the bodies 
of standing fresh-water may be so great as 
to permit a regular stratification of open- 
water life by depth, in faint imitation of the 
sea’s vaster economy. 

Lakes, owing to the physical properties 
of water, rarely freeze solid. Pure water 
is densest at 4° C., not (like almost all other 
liquids) at its freezing-point ; thus, in winter, 
after the whole mass of water has been 
cooled to 4°, further loss of heat from the 
surface will leave a cold layer of temperature 
lower tljan 4® floating on the rest ; this will 
freeze, and, owing to the poor heat-con- 
ductivity of water, further chilling of the air 
will cool the lower layers but slowly. If, 
as with most liquids, the density of water 
steadily decreased to its freezing-point, a 
circulation of the lake-water would take 
place until all was at o'*, and then the 
whole mass could freeze almost at a bound 
into a solid block of ice. 

As a result of this peculiarity of water, 
organisms can survive the winter through 
under the lid of ice, doubtless in a torpid 
condition owing to the low temperature, but 
without having to develop special adapta- 
tions against damage due to the freezing of 
their tissues. Since no vertebrate animals 
are known which can survive long-continued 
freezing solid, it is probable that if it were 
not for water’s peculiar property of being 
heaviest at 4*^ C., there would be no fresh- 
water fish or amphibia in existence, or at least 
none whose adult life surpassed a single 
season. This property of water is one of the 
central themes in L. J. Henderson’s interest- 
ing book, The Fitness of the Environment. 

In all deep lakes in temperate regions the 
bottom water will be permanently at 4° G. 
Twice a year, in spring and autumn, the 
whole of the l^e will be at this temperature. 
But the surface water will be the warmest 
layer in summer, the coldest in winter. 
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The plant-inhabitants of a lake margin are 
for the most part an invading army, taking 
possession of tnis vacant but difficult territory 
under stress of terrestrial competition. As 
the water deepens, the invaders change 
their tactics. Near the edge they are merely 
paddlers, with only the roots and a little 
of the stem below the surface. Farther out 
they must wade, and (to keep the animal 
metaphor) must grow longer legs, like any 
heron or flamingo. Some become amphi- 
bious, with part of their foliage below water, 
though the plant as a whole is still con- 
structed on principles taken over from land- 
life. Deeper yet, and the whole plan is 
altered. Still clinging to air, the drowning 
plant sends up leaves and flowers to float 
at the surface at the end of stalks that arc no 
longer supports but mere flexible mooring- 
cables and transport-conduits. Such are the 
wat^r-lilies. Finally, the deepest venturers 
discover that submersion need not mean 
drowning, and like the pond- weeds, alter the 
whole structure of their leaves so as to be 
capable of food-manufacture and breathing 
under water. 

It is more difficult to re-adapt repro- 
ductive methods to a submerged life ; the 
dry dusty pollen, evolved during aeons to be 
floated on the wind or to powder the hairy 
heads and backs of insects, does not take 
kindly to a wetting. Some plants whose 
vegetative life is all submerged, like the pond- 
weed Potamogeton, still send their flower- 
shoots up into air ; the famous Vallisneria 
detaches its male flowers while still closed ; 
these float up to the surface and open ; the 
sepals bend back so as to rai.se the anthers 
to the level of the stigma of the female 
flower, which, meanwhile, has been paid out 
to the surface at the end of a long thin rope 
of a stalk. The male flowers, drifting hither 
and thither, may come to rest in the little 
harbours between the sepals of the female 
flowers, and some of their pollen gets rubbed 
off against the stigma. Once the female 
flower is pollinated, its stalk contracts into a 
spiral and pulls it down to safety near the 
bottom. 

A few plants, however, have adapted their 
reproductive as well as their vegetative life 
to water. Naias, a relative of the marine 
eel-grass Zostera, forms pollen-grains without 
the usual outer coat, and elongated and 
thread-like instead of rounded in form. These 
arc discharged under water ; their large 
relative surface helps to float them, and some 
drift into contact with the stigmas, which, 
too, arc submerged. Accordingly, Naias and 
its relatives extend to greater depths than 
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other secondary aquatics among pkmts ht 
released from all need of contact wmi the 
they are only limited in their downw^j 
invasion by the diminution of the light ° 
filters through the water. 

Besides these secondary water-plants, ihcr 
are, of course, others which have’ been 
aquatic throughout all their history. None 
of these, however, attain in the fnjsh-watcr 
community anything like the si /a- or the 
importance of their marine congeners the 
seaweeds. 

The animals of lakes are also perhaps best 
classified into the secondary invaders of 
water and its permanent inhabitants. The 
latter, save for one group, are less important 
than the former in size and variety. They are 
largely composed of small creatures belongintr 
to groups from the lower Crustacea down- 
wards— water-fleas, shrimplets, rotifers, the 
little coclenteratc hydra, fresh-water sponges, 
flatworms, and protozoa. The secondary 
invaders, on the other hand, include all the 
thousands of insects which live in water 
cither all their lives, like the great Dylisrus 
beetle and the water-boatmen and watei- 
scorpions ; or through all their growing 
larval existence, like the caddLs-flics, stone- 
flies, and the great dragon-flies, falcons of the 
insect world. They include also frogs, toads, 
salamanders and newts during their larval 
life and a certain season each year of then 
adult life ; also most water-snails, and all the 
w^ter-birds. These last are more bound to 
land and air but, like the plants, throw out 
representatives to ever more aquatic hie, 
from paddlers like the sand-pipers to waders 
like the heron, and so to swimmers ; and 
the swimmers become more and more bound 
to their medium as we pass from surlace- 
feeders like moorhens and gallinulcs and 
bottom-grubbers like the swan, on to divers 
like the diving ducks and the grebes. 

The single exception to the dominance of 
secondarily aquatic forms in lakes is an 
important one — the fish. Whereas the econ- 
omically important river-fish are mosth 
wanderers to or from the sea, those of lakes 
are home products, and some lakes, like the 
Caspian and the Sea of Galilee, provide vast 
quantities of food to the neighbouring 
countries, , 

In general, the plankton of lakes is much 
less well-developed than that of the sea, and 
as direct consequence of this, active pelagic 
fish are less abundant, bottom-feeders more 
abundant than in the sea. Among the fev| 
plankton-feeding fresh-water fish arc v ario^ 
members of the salmon family, such as the 
different species of white-fish (Coregonusj 
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. nie i.^ke-trout. As most of the bottom 
'lakes is < overcd with fine slime, in whose 
^tious lap live abundant insect lame, 
^rms and bivalves, many of the bottom- 
cdinff fidv-’s are provided with long whisker- 
X feelers, with which, as a matter of fact, 
fish can not only feel but also taste ; 
id also adaptations in the shape of the tail 
s in the sturgeon) or the backward pro- 
n^ation of the ventral fin (as in some of the 
(fish) wliich serve to force the head down 
its Footings among the mud. 

The large plant-plankton, as in the sea, 
nsists largely of diatoms and peridinians ; 
It again as in the sea, the dwarf-plankton, 
lich passes through the meshes of the finest 
t, is even more abundant. 

The animal-plankton of lakes comprises 
^ the most part small Crustacea and rotifers ; 
d besides that a few water-mites and 
otozoa ; but very few insects have become 
completely readapted to aquatic life as 
to have taken to open water and to the 
peculiar feeding methods there needed. 
Though the plankton may be abundant, yet 
even in quantity it falls far below that of 
cool seas ; and in variety it is infinitely 
inferior. One or two interesting plankton 
animals deserve mention, notably the little 
i;lassy carnivorous Crustacea, such as 
Leplodora. 

In the great majority of lakes, in conse- 
quence of their smaller depth and their 
smaller geological age, there is practically 
no special deep fauna or flora. It is only 
in a very few large, deep and comparatively 
ancient lakes, like Baikal in Siberia and 
langanyika in Central Africa, that a real 
deep-water world of life exists. In other 
lakes there may be deep-water forms, but 
they arc ubiquitous creatures found also in 
the shallow^ zones, and have not had time — 
Miice most lakes are geologically very short- 
lived— to become specially adapted to the 
pi^^culiar habitat. But in Baikal, for in- 
stance, at about 600 metres depth there are 
pmmarid Crustacea which are blind and 
have antennae and limbs elongated as feelers, 
ttnd fish like Gomephorus, which has lost 
almost all its pigment and is a shimmering 
pmk. In Baikal, the gammarids are the 
dominant group of Crustacea, and have 
launched out into all sorts of peculiar ven- 
ture. The same sort of thing has occurred 
'' tth the fish of Tanganyika : over half of its 
one hundred and fifty species of fish belong 
to one family, the Cichlidac, and the great 
tttajoiiiy of these are products of Tanganyika 
evolution, found nowhere else in the world. 
But we have devoted our attention long 


enough to the inhabitants of watery worlds. 
It is time we turned to the creatures of land 
and air. 

§4 

Land Habitats 

In Book 5 we have set forth in some detail 
how certain groups of animals and plants 
succeeded in invading the land. Here 
perhaps we may add a note on the reasons 
which prevented animals of certain other 
types of construction and ways of life from 
succeeding. First the net weight of an 
organism in water is negligible. In sea- 
water, protoplasm weighs only about a 
thousandth of its total mass ; even in fresh- 
water, only about a two-hundredth. But in 
air, weight counts. And so all animals and 
plants without some means of mechanical 
support are debarred from terrestrial life. 
No jelly-fish can conceivably be imagined 
which could successfully invade a land 
habitat. There are a few land-animals that 
lack a skeleton. But of these, earthworms can 
only exist in the soil ; and land-planarians 
are confined to hot, moist places. Slugs and 
land-leeches are the most successful of such 
creatures ; but they both need a dampish 
atmosphere. Each is, however, in its own 
way, successful. The slugs are serious 
enemies of the gardener ; and in some parts 
of the tropics the armies of land-leeches, 
attached to the vegetation and constantly 
waving their bodies about in search of 
possible prey, are among the most unpleasant 
pests with which explorer and pioneer have 
to contend. 

And, secondly, no creature whose whole 
life is adapted to current-feeding can become 
terrestrial. Even if (as is probably im- 
possible) the current-producing cilia could 
Ijecome adapted to beating in air instead of 
in water, there is scarcely any floating body 
of living things or their debris to be captured 
from the air, since, weight in air being what 
it is, all particles above a minimal size sink 
at once to the ground. For this same reason 
no sedentary animal which merely spreads 
its tentacles for prey can live on land. The 
tentacles would collapse and the abundance 
of prey is not there. Only much later, by 
new devices specially adapted to air and its 
inhabitants, have creatures like spiders 
exploited this catchment method of gaining 
a livelihood in terrestrial surroundings. 
This difficulty rules out from land-life the 
whole group of hydroid polyps, the jelly- 
fish and the corals ; and the impossibility 
of current-feeding deban all the sca-squirls 
and other tunicates, the bivalve molluscs, 
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polyzoa, lamp-shells, and lower chordates 
like Amphioxus. 

No cchinoderms have ever left the sea, 
althouglf they possess a skeleton, and the 
free-moving types are not dependent upon 
current-feeding. On the other hand, their 
whole locomotion depends upon hydrauli- 
cally-operated tube-feet, which apparently 
could not be made over so as to work in air. 

The substitution of protected stages of 
seeds and embryos for free-living stages, for 
larval forms, that is, in the life history, is one 
general rule of aerial adaptation— to which 
only the insects furnish exceptions. 

I’he habitats open to life on land are more 
varied than in any other medium. But many 
of them are already familiar to Mr. Every- 
man, in virtue of the fact that he is himself 
an air-breather. Though he does live in a 
town, he has visited various parts of the 
codfttry, and so (like Monsieur Jourdain, who 
found he had been speaking prose all his life 
without knowing it) has unconsciously 
imbibed a knowledge of the chief land 
habitats of temperate regions. 

He has walked over the close-cropped 
downland, and the rich water-meadows. 
He has seen the hares (the mad March hares) 
chasing each other in spring over the open 
fields, and noticed that they avoid the woods. 
He knows the difference between a pine- 
forest and an oak-wood — the one perman- 
ently dark, carpeted with little save a thick 
brown layer of pine-needles, the other lighter 
and with a richer undergrowth, especially 
in the spring when the roof of leaves is not 
yet grown, and the primroses and wood- 
anemones and wood-sorrel cover the floor 
of the wood with blossom. 

He knows the barren sandy heaths, alive 
with rabbits, bright with purple-flowered 


Or he may happen to live in , 1 ,^ », , „ 
West of America j and then ho will knS' 
great sweep of the prairie, coxvred w^J 
flowers m spnng, growing into a ^ of 
later in the year. 

If he has any curiosity and jniprf^t • 
natural history, he will know .r,niethin'. 
about the commoner land plants of y 
country, the commoner land beasts h\rT 
insects, and other animals, and whore an!l 
how they live. Comparatively lew peonL 
know by personal experience what a ielK 
fish or a spider-crab, a sponge, a sea-cucum* 
ber or a cuttle-fish look like in tlieir natun] 
surroundings. But they inevitably have sonie 
acquaintance with rabbits and rolhns, liees 
and beetles, spiders and slugs, snakes and 
frogs and earthworms. 

We cannot deal with all the divenified 
habitats of land in detail ; many of ihesf* 
more familiar ones we shall leave out, or will 
deal with certain aspects of them only, in 
later chapters of this Book. Here we will 
lake a few of the more striking of the con- 
trasted habitats of dry land, and those that 
are likely to be unknown by personal 
experience to most of our readers, in order 
to bring out the salient facts of life's ad.ipia- 
tion to land. 

§ 5 

The Desert 

We may begin with the desert, since this 
possesses in exaggerated form all ilie thai* 
acleristics which made the land haril to 
colonize. Botanically, the desert is at the 
other end of the scale from the tropical iorcst. 
In the equatorial forest, all that plants can 
desire is provided ; the difficulties arise 
not from the harshness of the surroundings, 


heather in July and yellow gorse in spring ; 
the meadow-pipits sing there, and the night- 
jars lay their eggs on the bare ground. If 
he has visited Dartmoor, or the Lake Dis- 
trict, or Scotland, he knows what a moor 
looks like, and has seen a peat-bog ; he 
realizes that there are habitats so poor that 
trees will not grow on them, and can readily 
take the step in imagination to the more 
barren tundra of the arctic or the craggy 
regions of high mountain ranges. And yet 
these places, too, arc full of beauty and of 
life ; there are ravens and falcons in the 
crags, dippers by the streams, sometimes 
red-deer and mountain-hare, grouse, or 
ptarmigan. The stones are covered with 
lichens ; between them grow mountain 
flowers, smaller but often brighter than those 
of the lowlands. 


but from the fierce competition due to the 
very ease of growth. In the desert, on the 
other hand, the soil is at the best of times not 
fully exploited ; the desert plants provide 
an extreme example of what ecologists call 
an open formation, with great stretches oi 
barren plantless environment between the 
scattered units of life. There is lit^^'^ 
struggle between plant and plant, but intense 
struggle of organism with inorganic nature. 

On our globe, a double desert zone exists, 
girdling the tropics on both sides. The 
great Palearctic desert embraces the Sahara 
and all of Egypt save the coast and the Nile 
valley ; Sinai, Arabia, the Syrian desert ; 
and so woss parts of Persia and Afghanistan 
to Turkestan, Tibet and the (Jobi, 
a side-branch into Western India. T|ie 
North American desert, induding the celc- 
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d Dca’li Valley, reaches across some of 
r^«wuth-vv' stern United States and northern 
Sexico t equator 

here is corresponding band of deserts in 
Lth America ; in South Africa there is 
. j^alaliari ; and Australia can boast of 
earth's second largest area of completely 
lesert land. 

It is ddlicult to define a desert meteor- 
, logically. In general, it is of course a place 
jfheat and drought. The rainfall is usually 
very variable from year to year, and, 
it does not fall in minute amounts which 
\aporate again before reaching the roots 
of the plants, is often confined to a few heavy 
hursts which run off before they can soak 
deep. Deserts are not only hot places ; they 
are places with very great fluctuations of 
tcmj)erature, both yearly and daily. This is 
doubtless in the main due to the clearness 
of the sky and to the absence of vegetation 
and of water- vapour. With a clear sky, heat 
radiates unbrokenly in from the sun, out again 
into space ; but a blanket of vegetation im- 
ped(‘s tile passage of heat into or out of the 
soil. Wln re plenty of water exists, much of 
the .sun's heat is used up, without rise of 
irnipeiatnre, in transforming water into 
uater-vapour ; the restoration of this latent 
hfMt during night-cooling again acts as a 
danipt'i on rapid ten>peraturc-changc. In a 
drscri, thi.s tempcrature-buffcr is almost 
<il)sent. In addition, water has a high 
' specilic heat ” ; if we put the same amount 
of h(‘dt-rncrgy into a pound of water on 
die one hand and a pound of dry earth on 
die oihrr, the second will get hotter than the 
lust, i'hat is another reason why wet 
da\e\ soils are “ cold,” why the waterless 
^oil of deserts heats up and cools down with 
such surprising rapidity. The result is that 
die night temperature may drop below 
freezing-point after a day maximum of 8o° 
cjo" F. In many deserts the minimum 
icmpnaturc usually keeps just above freez- 
But then, one year, there is a frost ; 
It can he imagined what damage this will do. 

. ht passing, it may be noted that merely 
tnigating a desert with water will not con- 
vcri i( to fertility. It works for a short time, 
ljut owing to the intense dryness of the air 
die Water evaporates very quickly, leaving 
it any salts it may have contzuned, 

1 nesr gradually accumulate in the soil, until 
last state is worse than the first. This 
probh m of the caking of irrigated desert 
sods with s^t has already become acute in 
'"arions regions, including parts of Egypt, 
soil science is being hard put to it to find 
^ out of the difficulty. 


Deserts are violent places. As there is no 
mist and hardly any water-vapour in the air, 
the intensity of sunlight is greater in deserts 
than anywhere else save perhaps the tops 
of high mountains. Not only temperature 
and rainfall, but also relative humidity and 
windiness show huge fluctuations. A North 
Sea gale is nothing compared with the gale 
experienced by the explorer Augieras in the 
Western Sahara, which lasted nine days, and 
was so violent that he could not stir the whole 
time from out of the lee of a sheltering rock. 

We are accustomed to the two great cycles 
of day and year. Near the poles, the diurnal 
cycle drops out over a large part of the year. 
In some deserts, on the other hand, it is the 
yearly cycle which ceases to be important. 
Whole years may pass^ without rainfall, and 
there may be no regular relation between 
weather and season. Biologically speaking, 
the cycle of the year may cease to couni; in 
deserts ; and only the long-range period- 
icities, such as the eleven-year cycle, of which 
we shall speak in a later chapter, with their 
disturbing effects upon earth’s weather, make 
much difference to desert plants and animals. 

In less extreme deserts, however, the 
seasonal cycle remains ; there is a brief 
moist spring, and then indeed does the desert 
blossom like a rose. The bare soil comes to 
life, green shoots push up, burst into flowers 
that carpet the land with colour and bring 
with them as their biological attendants the 
hum and flutter of swarming bees and 
butterflies ; the seed is set : and a few weeks 
later all has disappeared and the bare soil, 
dotted with a few perennial thorns, alone 
remains. Cinderella’s coach has been turned 
back into a pumpkin, her lovely dress into 
dead leaves — only the change seems even 
more miraculous, for at first sight it looks 
as if the desert’s beauty had vanished into 
nothing. 

In reality, one half of the plant-life — the 
annuals — has retired into drought-proof safes, 
in the shape of seeds. The other half, the 
perennials, have their permanent being 
subterraneously, in living store-houses that 
we call bulb or tuber or fleshy root. In the 
few spring weeks they do all their year’s 
work, of manufacture and reproduction 
alike, and then retire to vegetate invisibly 
below ground for the rest of the year. 

But the most striking desert plants are the 
big fleshy watcr-storers. The most familiar 
of these are the cactuses, but the spurges 
(Euphorbias) and many of the composites 
of deserts have been modified in the same 
direction, often so thoroughly that all save 
experts mistake them for cactuses. The 

541 



BOOK 6 


THE SCIENCE OF LIFE 


agaves and aloes and Spanish bayonets show 
similar but usually less striking modifications. 
In such plants, the roots are generally deep, 
the tissues fleshy and built so as to be able 
to store large quantities of water in their cells. 
All plants must be constantly passing water 
from root to stem and leaf and out into the 
air as water-vapour ; the current serves for 
vital transport ; but in these desert plants 
its amount is, by one means or another, 
cut down. This enables them to draw water 
out of the soil during the rains and to store 
it for the hard times ahead. A hibernating 
bear or hedgehog lives through the time of 
food scarcity on its piled-up stores of fat ; 
a cactus lives through the time of drought on 
its stores of water. 

The usual method for achieving this is by a 
great reduction of the surface from which 
water can be given off as vapour ; very often, 
as in cactuses, the leaves are small and tem- 
porary, or even absent, and their work is 
handed over to swollen stems, which expose a 
much smaller surface to the air in proportion 
to their bulk. The climax is reached 
in the barrel-cactuses, which stand about 
in the desert like casks, and like casks arc full 
of water ; but their surfaces are beset with 
wicked spines to protect the precious fluid in- 
side from browsing animals. In passing, it 
may be pointed out that the plants that 
retire underground for the dry season and 
live as bulbs and the like are really doing 
something very similar, though more ex- 
treme, for they cut their transpiration current 
down to zero during the drought ; and those 
which bridge the dry season in the shape of 
seeds go one better, by getting rid of all their 
water and passing into a desiccated state of 
suspended animation. 

In the perennials, which do not die down 
above ground, mere reduction of transpiring 
surface is aided by other adaptations — 
the cuticle is varnished over with wax 
or resin, or a thick coat of hairs checks 
diffusion, a layer of cork protects the stem- 
tissues from evaporation, or the microscopic 
plant-mouths through which the water- 
current vaporizes out are tucked away in 
deep pits on the under side of the leaves. 
Often, too, especially in salt and “ alkali ” 
deserts, the amount of salts in the cell-sap 
is very high ; this holds water and makes 
it harder for it to evaporate away, while at 
the same time helping the roots to pull water 
out of the soil. 

Spines and thorns are a frequent accom- 
paniment of desert-life. Hedges of prickly 
pear arc more impassable than barb^-wire 
entanglements, and are often used for 
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military purposes in protecting forts an,? 
camps ; and the spines with \vhich T 
agave’s leaves arc tipped arc really forinida^ 
stilettos. In part, spinincss seems to be th^ 
direct outcome of dry surroundings; 
the tendency in that direction has un! 
doubtedly been improved upon by Natural 
Selection to protect the succulent tissues- 
often the only source of moisture for miles- 
from animals. In certain North African 
agaves the long leaves are tipped with black- 
brown, and suggest the same hardness and 
sharpness as the leaves of ordinary agaves 
But in reality the tips are perfectly soft and 
flexible — dummy spines. Apparently 
have here a case of mimicry among plants, 
analogous to that of the dead nettles which 
look like stinging nettles. The harmless 
plant gains an advantage by looking like a 
dangerous one. 

The desert has the same dual effect upon 
life as have other habitats with a combination 
of special and very unfavourable conditions 
It exercises a rigid selection upon immigrants, 
and it calls forth a number of special 
adaptations in those which are successful 
in entering in. No true aquatic animals can 
live in deserts, save in the sparse oasc^; 
Amphibia, with their moist skins, are almost 
all turned back at the frontier ; and so arc 
those other moist-skinned animals, land- 
leeches and land-planarians, and those groups 
of insects, such as mayflies and dragon-flies, 
which have returned to water for their 
growth-stages. Animals confined to a pureK 
insect diet and incapable of flight are almost 
unknown in deserts, probably because insects 
are abundant only at one season. Owing to 
the general scarcity of life, large animals arc 
absent ; the maximum size diminishes as wc 
penetrate from the half-desert or desert- 
steppe to the true desert heart. 

As a result of this selection, the types of 
animals which make up the bulk of the desert 
fauna are those which were already provided 
with a dry skin and a wholly terrestrial life- 
history — beetles, butterflies, Orthoptcra and 
Hymenoptera among the insects ; centi- 
pedes, scorpions ; and among vertebrates, 
birds, mammals and notably reptiles. 

Those of other groups which have passed 
the immigration test have done so by means 
of special aptitudes. Land-snails are not 
unsuccessful desert forms ; they owe tnen 
success to their power of closing the opening 
of their shells with a door of hardened mucuS: 
behind which they sleep away the chics 
time. A^iew land-cnistacea in the I'^m 0 
woodlice live in deserts ; most of them navf 
a high dome-shape, which reduces then 
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1 five sir. face. No tailed amphibia exist 
^ any d' ''Crt ; but there are a few frogs 
”, toacl^ In the Australian desert, four 
ai r not uncommon. They are with- 
^any annual breeding cycle, and can 
lawn immediately rain falls, whatever the 
slson of the year. One species makes 
burrows down to the just-moist soil of torrent 
))cds, and lays its eggs in a foamy mass at the 
bottom ol its burrow ; development pro- 
within the egg to the early tadpole 
iiage, and the eggs then wait for rain ; when 
the rain romes, the eggs swell up, burst, and 
release the tadpoles, which grow rapidly 
and change into frogs. One form, called 
Cliirolcptes, has taken a leaf out of the cactus’ 
h(X)k, and stores water. An Australian 
observer writes : “If you put a lean dry 
herring-gutted Ghiroleptes into a beaker 
uiih two inches of water, in two minutes 
vour frog resembles a somewhat knobbly 
leiinis hall.” Absorption goes on all over 
the skin, and the water is stored not only 
in the bladder but in the subcutaneous 
tissue and the body-cavities, making the frog 
nearly spherical. The blackfellows, if hard 
pressed, use it as a source of drinking water, 
fins is the only species which can live for 
long periods in completely dry conditions. 

.\nothcr and very different adaptation to 
dioiight is seen in the sand-grouse. I’hose 
jmerful fliers nest in the steppe-deserts of 
.Vsia, and the adults can quench their thirst 
by flying off to the nearest oasis, though this 
may be miles distant ; but this the young 
cannot do. The problem of their drinking 
solved by the parents soaking their breast- 
plumage in water, flying straight back, and 
‘illowing the nestlings to suck the moist 
feathers. However, a not infrequent adapta- 
tion to water-shortage is seen in the capacity 
which many desert animals possess of going 
without drink at all. They get all the water 
they require out of their food. Various 
desert mice and jerboas, and even some larger 
‘tninials, such as gazelles, possess this valuable 
physiological power. 

We have already spoken of the prevailing 
Jtjatching of the desert’s sandy colour (Book 6, 
Gtap. i ^ Then there are a number of 

adaptations concerned with wind : we will 
j^entioii two. Many ground-nesting birds 
htiild semi-circular ramparts of stones to 
protect their nests from the prevailing winds. 
Wthout these defences, the nest and eggs 
ll'ould be in frequent danger of being buried 
y iht sand which the wind drives along. 

even stranger case is that of a small 
utter! ly in the Syrian desert. If it lived in 
me o])en, it would risk being blown clean 


away by the gales that sweep over the bare 
country ; accordingly it spends the whole 
of its life fluttering about inside one of the 
rare desert bushes ! 

Another problem is temperature. In 
many deserts the temperature of soil ex- 
posed to the midday sun is enough to roast 
eggs — a good deal higher than anything 
which ordinary protoplasm can stand ; 
and even in the shade, the thermometer will 
often go up to i2o® or 130° F. The most 
obvious adaptation is to go about your 
biological business by night : and, as a 
matter of fact, a high percentage of desert 
animals are nocturnal. Of the creatures 
of the day, almost all avoid the sun as much 
as possible. All mammals and birds can 
regulate their temperature, and in deserts 
they can, if need be, keep it below that of 
their surroundings, just as in colder places 
they can keep it above the outside temper- 
ature. But many desert reptiles, notably 
lizards and snakes, have special adaptations 
tending in the same direction, by means of 
which they can at least keep themselves a 
few degrees cooler than the oven-like world 
outside, and so save themselves from sudden 
coagulation and death. The usual method 
is for the animals to have a mouth-cavity 
richly supplied with surface blood-vessels, 
and to pant rapidly with open mouth. This, 
as in a dog that has been heated up by 
running, causes evaporation and con- 
sequent cooling. 

There is one final aspect of desert life 
that should be touched on. The scanty, 
open vegetation means a shortage of food for 
animals, and they must adjust their popula- 
tion to the supply. Sometimes they lay up 
stores against the time of drought and 
scarcity. This habit is what attracted Solo- 
mon’s interest in ants. The ant he held up 
as model to the sluggard was an ant of dry 
climates, a grain-storer. Our temperate- 
zone ants do not have the storage habit. 
Some desert mammals also store food : for 
instance, the kangaroo-rat Dipodomys of the 
American semi-deserts. This litdc, agile, 
jumping creature makes big mounds, full 
of tunnels and chambers, and in them amasses 
huge stores of grasses, flower-heads, and the 
like. In one mound no less than 12 J lb. 
of hay-stores, mostly valuable forage-grass, 
was found. These depredations make Dipo- 
domys a pest ; for though in normal seasons 
there is enough to go round, in dry years the 
rodents take a serious proportion, and there 
is not enough left on the range for stock. 
Systematic extermination of the little beasts 
has led to a marked improvement of the 
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grazing and the number of cattle it can 
carry per acre. 

Hundreds of mounds belonging to this 
animal have been excavated after their 
inhabitants have been gassed ; and in all of 
them there has been found either a solitary 
male, a solitary female, or a mother with 
her family : there are no couples to be 
found keeping house together. This, it 
seems, is a jfurther consequence of the 
sparseness of the vegetation. Each mound is 
tne centre of a largish area from which its 
owner draws supplies. If two were to live 
there instead of one, the supply-area would 
have to be uneconomically large, the animals’ 
journeys in search of food unprofitably long. 
So the desert has imposed upon our kangaroo - 
rat this curious semi-bachelor life, in which 
adults visit each other for sexual intercourse, 
but never know a family existence. 

And the same impression of the desert’s 
poverty is brought home by the description 
of the Tibetan sheep given by a member of 
the Everest expedition. The tufts of herbage 
on these high and arid uplands are so few and 
far between that the sheep can only get 
enough to survive by running between 
mouthfuls. They chase their grass. 

§6 

The Tropical Forest 

The tropical rain-forest has been the 
wonder of all naturalists. Alfred Russel 
Wallace tells us that it was von Humboldt’s 
description which lit in him the desire for 
tropical exploration ; but that the reality 
exceeded his expectations. This rain-forest 
girdles the tropical lands. It still covers 
about half of the South American continent — 
a forest over two thousand five hundred 
miles from west to east, over fifteen hundred 
miles from north to south ; man’s inroads 
into its green fastnesses are still negligible ; 
the only way to penetrate it is along its rivers 
and streams. Africa’s forest is equally cele- 
brated ; but it is considerably smaller in 
extent, owing to the height and dryness of 
much of the continent. And the belt of rain- 
forest continues round the world, through 
Ceylon and Malaya and New Guinea. 

Naturally there is the greatest variation 
from place to place ; but everywhere this 
huge expanse of green chlorophyll-machinery, 
raised high on supporting trunks into the 
hot, steamy tr^ical air, has certain fcatilres 
in common. The variations in type occur 
especially where unfavourable conditions 
prevent the majority of species from flourish- 
ing, In tropical swamps, for instance, the 
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ordinary forest gives place to theairi 
but much more uniform growtii of pai 
and only mangroves and a few other 
that Use their roots as stilts hate 


trees 

to grow over the mud of tropical rstuah? 

Under conditions that arc akoeeth 
favourable for vegetable life the struggle fo 
light is never-ceasing. Here is no dead 
season when plants shed their Icavi s and have 
their roots frozen as they stand. Growth 
activity, competition, continue ye ar in ycaj 
out. The most striking result of this is the 
huge variety of species that make up the 
forest. In contrast with the dozen or so 
kinds of trees in our temperate woods, the 
Cameroon rain-forest numbers close on live 
hundred. As well as the trees, there are the 
creepers and the parasites. In this same 
Cameroon forest, more than three hundred 
species of woody-stemmed plants occur 
which are incapable of standing on their own 
trunks but cling to the trees for support. In 
the great Amazonian forest, these lianas and 
creepers reach their maximum piofusion and 
their greatest beauty of flower. 

Miss Haviland, in her Forest, Steppe and 
Tundra, describes the Amazonian forest as 
seen from one of its rivers : “ On either side 
the banks are veiled by a wall of green 
foliage between one and two hundred feel 
high, towering above its own inverted image 
in the water. Here and there its splendid 
sameness is broken by a patcli ol cohnired 
blossoms. The branches of the scailet ‘ rose 
of the forest ’ are thrust out over the river, 
and sprays of Bignonia and other fiowering 
creepers, yellow, purple and red, luing over 
the trees. The creepers cover the whole 
roof of the forest as with a canopy, and fall 
to its foot at the water-side like a curtain. 
In fact, the forests of the whole Amazonian 
region may be compared to a series ol tables 
with many legs, separated by waterways 
and each spread with a cloth which dips 
to the ground on every side, ilif- 
legs are the upstanding trunks of tin* trees , 
the cloths are the tangle of vines and nanas 
which cover them with a close networ'. 
This mass of creepers is not altogether t e 
suffocating burden or host of parasites that it 
appears to be. In exchange for 
it affords shade which is essential to the wqjti 
being of the forest ; and it has been sh| 
that when the veil has been torn asidj 
that the sun can beat down on the rootj 
giant trees perish. For this reas( 
artificial clearing is usually fringe* 
dead ti^. 

“ Here and there dark caverns ya^ 
wall of foliage at the water-side. Th* 
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, ol creeks and streams, shut in by 

nrrhiiv^ branches from which long aerial 
‘^ThinLT ciown like stalactites. To enter 
f ! raves !>V boat is like passing from the 
air inu' a vast dim hall, supported by 
^^mense tolumns. The trunb of the trees 
UP for seventy or eighty feet without a 
hLch aiul the undergrowth is thin and 
.Jing. I’he ground is strewn with dead 
caves thouLrh it may be remarked that the 
acfurnulation of leaf-mould is not very great, 
ouiiig to tlic rapidity of bacterial action.” 

The roof of the forest is the prime source 
of all its biological wealth, the scene of its 
{Ticatrst activity. As the same authoress says : 
•' III sonic respects the roof of the forest may 
he compared with a prairie or savannah. 
Thcrt' is the same wide green expanse, strewn 
\\ith Ihnvers and open to sun and rain and 
wind. Butterflies hover and grasshoppers 
ikip o\('r the surface, and its denizens are 
c\j)ost’d to the unrestricted view of birds 
fit prey -vultures, kites and liarpy-cagles — 
whiih soai over the forest, ready to seize any 
1)11(1 01 monkey which is not alert enough 
iodi\e under the foliage.” 

Bill, al.is ! we know tantalizingly little 
ilioiit this /one of brilliant light and rich life, 
Iwo-hundH'd-foot trees are not easy to 
dinil), espixially when the attempt brings 
)iit armi('s of stinging bees and biting ants 
roiii theii nests on every branch. We want 
1 modern St. Simeon Stylites to set up a 
iillar in the rain-forest and use it not for 
iK'diiaiion iind prayer, but for the aculcst 
'I'sciv.ition and description of the unique 
itc ahoiu him. We have already compared 
lit’ forest to the sea — productive layers atop, 
vith d(‘hris of light and food filtering and 
Ini Imp down. Man on the solid ground of 
lie forest is like a mere flat-fish on the sca- 
I 'hc tangle of life is layered accord- 
to its distance from the roof : in von 
lumholdi’s words : “ Forest is piled upon 
aest.” 

1 hose w ho come fresh to the rain-forest are 
nierally disappointed at first by the appar- 
'‘t paucity of animal-life. This is partly 
it is dwarfed by the fantastic 
t>turiaiic<‘ of the plants, partly because the 
icatest abundance, activity and brilliance 
*^‘titt-l(>resl animals are up in or near the 
In the upper zones of the Amazonian 
lor instance, there are squirrels and 
P'K ^H‘c-porcupines and tree-anteaters, 
fnds of monkeys making the forest resound 
thur howling, tree-raccoons, climbing 
ih^re are innumerable birds — toucans, 
parrakeets, cotingas, barbets, frog- 
forest pigeons and nightjars, curas- 


sows, bell-birds. There are the marvellous 
tree-frogs and tree-toads, many of which 
never descend to earth but brood their eggs 
in pouches on their backs, or deposit them 
in foamy masses on the high leaves, to go 
through the tadpole stage in this pretence 
of a pond ; while others put the egg-masses 
on leaves above pools, whence the tadpoles 
emerging slip into the water below. And 
there are the incredible hordes of insects — > 
tree-nesting ants, and bees, and wasps, and 
termites huge butterflies that never come 
down to ground-level, beetles and crickets 
and cicadas and plant-bugs that the human 
collector never secs unless a tree is felled. 

What arc the chief adaptations in this 
dense envelope of life ? Luxuriance of growth 
is the first : no tree will ever succeed whose 
seedlings cannot shoulder their way up to the 
never-broken green canopy above. The next 
most striking fact is the abundance of plants 
that support themselves on others' shoulders 
in the race for light. Every observer * of 
the tropical forest has commented on the 
extraordinary way in which the trees are 
beset with woody cables, thick and thin, like 
ropes and cordage carelessly and mcaning- 
lessly spread among a forest of masts. These 
arc the lianas. Often their stems coil round 
each other like the strands of a cable, or are 
provided with a flattened spiral wing. They 
corkscrew it over the ground, hang in low 
curves, are pulled taut by the upward 
growth of the tree to which they cling. Here 
they make festoons of green, there hang in 
thick curtains or spread as sloping carpets. 

Almost all of them have relatively huge 
conducting pipes to speed water and its 
dissolved salts up the long thin stem to the 
leaves. But their actual methods of climbing 
are very various. Some insinuate their 
growing tip through the interstices of bushes 
and branches, later weaving themselves 
firmly into place by sending out side- 
branches. The most wonderful of these are 
the Rotang palms, which have an additional 
support in the shape of wicked thorns on out- 
growths from the tips of the leaves. Up in 
the light on the roof of the forest world, the^je 
thorny anchors wave round in empty air ; 
but the old leaves die, and then the smooth 
stem slips until the young growth engages 
with the tops of the trees. In this way the 
old stem is continuously being paid out 
downwards on to the ground, and the total 
length of stem produced by one plant may 
reach the prodigious figure of 300 yards. 

Then there are the lattice-formers, that 
make a living trellis from branch to branch 
of their support ; and the twiners, which 
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climb by thrusting their stem spirally round 
the support. There are the tendril-bearers, 
which hook on by prehensile tendrils ; and 
the root-climbers, whose stems produce 
clasping or adhesive roots wherever they 
come in contact with the support. A 
number of tropical species of fig have this 
form of climbing-iron well developed. In 
addition, many of them, once they have 
established themselves, let down long aerial 
roots which penetrate the soil and begin 
absorption. As a result, the supporting tree 
is often killed ; but the climber, now strong 
enough to stand on its own legs, remains 
erect and independent. 

Aerial roots are another striking fact of the 
tropical forest : and many of them arc 
permanently aerial, never striking earth, but 
hanging like so many bell-ropes in the green 
gloom. They are the hall-mark of another 
set of plants that exploit the strength of trees 
— the so-called epiphytes. I’hese are plants 
which do not even take the trouble to climb, 
but settle aloft as spore or seed, and begin 
their growth far above the soil. I’he aerial 
roots tap the water in the air, catching the 
rain before it reaches the ground, drinking 
in dew, or even sucking moisture from fog 
or direct from damp air. In this they arc 
aided by an outer layer that greedily imbibes 
water. Their main difficulty is their supply 
of mineral salts. Some are dependent on the 
precarious supplies washed down in the 
debris of the stems on which they sit ; 
but others have evolved remarkable adapta- 
tions for collecting little private gardens 
of soil up aloft. Some do this by producing 
a network of roots which grow upwards, 
nest-like, from the base of the stem and catch 
the dead leaves and twigs and other rubbish 
falling from the tops ; some collect their 
humus in a nest of leaves into which the roots 
grow inwards and upwards ; Dischidia, a 
Javan epiphyte, produces a set of pitcher- 
shaped leaves in which water and debris 
collect ; into each of these leaves a special 
little root-system grows and absorbs what it 
needs from the soup therein contained. 
In certain species of Tillandsia (a genus 
related to the pineapple, other species of 
which are familiar in the southern United 
States as “ Spanish Moss ’*) roots have been 
dispensed with altogether ; their leaves are 
arranged to make water-tight tanks, holding 
up to half a gallon, and arc beset with tiny 
absorptive hairs that take the place of roots. 

Some of the most beautiful orchids are 
epiphytes ; and so are various figs. A 
number of these latter arc only epiphytes for 
half their lives, for their aerial roots even- 
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tually grow down to the soU ; and sometim 
as m the hana-figs we have dcM 'ii)eci th”’ 
grow columnar and trunk-like and thc’ni 
after UUing its host, becomes an mdepenj"'; 
tree. This is the history even oi the h 
banyan-fig. 


Besides flowering plants there are abundum 
epiphytic ferns and club-mosses ; and main 
mosses and fungi, lichens and alg^, have 
found for themselves a station not too far 
from the light by adaptation to growing on 
leaves. ” 

But wc must not delay too long over the 
plants of the rain-forest, though it would be 
easy to fill a book with their beauties and 
peculiarities. We must pass to the animab 
Among the animals the prevalence of tlip 
climbing habit is the first and most obvious 
feature. The forest is inhospitable to man 
man an enemy of the forest. He forgees 
how much of the earth is still covered with 


trees, how much more was once under 
forest, not mel*cly before he came to fell and 
clear, but in the great stretches of geological 
time when the moister, more equable climatr 
spread the forest zones over much more of 
the world’s surface. And so he is surprised 
at the abundance of arboreal animals, the 
importance of the climbing habit in the 
evolution of life. Not only has he himself 
descended from a tree-living ancestry, but ilie 
foot-structurc of kangaroos and related 
marsupials makes it certain that they too 
were once arboreal, and many authorities 
believe that the ancestors of one great branch 
of Dinosaurs passed their apprenticeship 
in the trees. 

Be that as it may, arboreal life is common 
enough to-day. In the Guiana forest, lor 
instance, more than half the known species 
of mammals arc climbers. It is an interest- 
ing fact that in the Amazonian forest, thei 
greatest stretch of tropical forest in the world, | 
more mammals than anywhere else havcj 
evolved that fine flower of tree-life, a prc*i 
hensile tail. Only here do monkeys boast] 
this fifth limb ; and the tree porcupines, tree 
ant-eaters, coatimundis and kinkajous also 


1 the 


possess it. 

Life is so intense and competitive m 
rain-forest that adaptations to escape enemies 
by utilizing colour and pattern are more 
numerous than elsewhere. The abundance 
of protectively coloured insects is astounding • 
the number of creatures, notably cater- 
pillars and plant-bugs, which have 
some form of terrifying device to bliJM 
cnemi^^ is far greater than clscwhe|R ; ^ 
the development of nauseous taste, 
with light colours to advertise th< 
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; • nnd the tropics is the chief home of 
^ rrninii' of nauseous by other species 
' hv oni* 'mother which we shall discuss in 

a later sec tion. 

Devices for enabling carmvorous creatures 

deceive their prey are also much com- 
^oner. bi the East Indies, to choose but 
JUic example, there lives a spider which is 
coloured Idack-and-white ; after spinning 
a thick whitish web over part of a leaf, it lies 
on its back in the centre. In this altitude it 
](X)ks precisely like a bird’s dropping, and the 
web simulates the liquid draining away from 
it. Many butterflies have a curious partiality 
for sipping such excrementitious fluids ; and 
H. 0. Forbes actually saw one come down to 
take a drink, only to be captured by the 
spider. 

§ 7 

Regions of Rocky SnoWy and "Ice 

At the other extreme from the fantastic 
luxuriance of the tropical forest come the 
polar regions and their isolated counter- 
parts, the bits of mountain-chains that 
protrude above the snow line. At both 
extremes, the severity of the struggle for 
existence is at a maximum ; but while in the 
r.iin-forest it is the struggle between one 
ciraturc und another which counts, in polar 
and mountainous regions it is the struggle 
with tlie elements. In the one case there is 
o\cr-ahundance of food ; in the other, the 
I'xircmity of scantiness. 

The scarcity of food which besets land- 
animals in the polar regions may be illus- 
trated by an incident which bcfel the Oxford 
Expedition to Spitsbergen in 1921. The 
sledgmg-party had surmounted the huge icc- 
bll, nearly 3,000 feet high, of the Nordens- 
kiold Glacier, prior to setting forth across 
die inland snow plateau. They had col- 
lected a number of rock specimens and 
Ihssils, and cached them, all nicely labelled, 
to await their return. When they came back, 
die specimens were safe ; but all the labels 
had been eaten off by desperately hungry 
arctic foxes. 

That was in summer. In the long night 
of the polar winter the foxes must be still 
harder put to it, for all their possible prey 
h^ left the country, save only ptarmigan, 
'^hich live in tunnels excavated in the snow, 
niany feet below the surface, and subsist on 
die frozen shoots of the plants they find there, 
^ome of the foxes are then forced out by 
hunger on to the sea-ice, where they play 
l^ckai to the polar bear when he kills a seal ; 

remain and try to catch the buried 


ptarmigan. The few men who stay in 
Spitsbergen through the winter help beguile 
their time in the first twilight of spring by 
trapping. They set traps baited with ptar- 
migan-heads. If they see fox-tracks going 
dead straight across the snow, they know 
the fox has scented the trap. One trapper 
traced such a straight fox-track five miles 
to a baited trap. What a natural sharpness 
of nose, sharpened still further by what an 
extremity of hunger, it must need to smell 
a bit of dried and frozen bird at five miles ! 

The two polar regions stand in sharp con- 
trast ; the high arctic is mainly sea, the 
antarctic is centred on a huge and mountain- 
ous continent. Accordingly, the antarctic 
is far more rigorous and barren than the 
arctic. There are no land-animals whatever 
on the antarctic continent save a few wingless 
insects that scavenge round the shores. 
Its only vertebrate frequenters arc the pen- 
guins — sea-feeders all — the skua-gulls which 
batten on them, and the petrels. And 
there are no flowering-plants — only a few 
patches of mosses and lichens. 

Perhaps the most striking of all antarctic 
creatures is a temporary visitant — the em- 
peror penguin. All penguins must breed 
where there are no predaceous land-mam- 
mals, or they would be exterminated ; 
besides offshore islets and oceanic islands, 
the shores of the great antarctic continent 
arc available for them, for no four-footed 
beasts exist there. The emperor penguin 
is one of these antarctic breeders. It is also 
the largest species of the group ; and the 
young take so long to grow to full size that 
if they are to be ready to accompany their 
parents to the open sea and its rich food 
supplies in the late summer, they must begin 
their life in winter. Accordingly, these great 
birds nest, in the total darkness of the antarc- 
tic winter, on snow-covered land, with tem- 
peratures often falling to 60° or 70° F. below 
zero. One of the achievements of the Dis- 
covery expedition was an arduous slcdgc- 
journcy undertaken to study their breeding 
habits. The eggs and new-hatched young 
are protected from the cold by being held 
between the feet and the belly ; and so 
violent is the birds’ incubating urge that 
they will fight each other for the privilege 
of brooding young — often injuring and killing 
the chicks in the process —and will even 
satisfy their desires by incubating lumps of 
ice^ instead of eggs. Thus the penguins, 
though slow and awkward on land, nest un- 
molested on the mammal-free continent of 
the south. 

Within the arctic regions, on the other 
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hand, there arc to be found musk-oxen and 
reindeer, the wolf, the lemming, and the 
arctic hare, and some valuable fur-bearing 
creatures, like arctic fox and ermine. 
Birds arc very abundant round the coasts, 
but only during the breeding season ; very 
few species (like ptarmigan and snowy owl) 
live there all the year round. Spiders and 
mites, mosquitoes, midges, and sawflies 
are to be found, often in comparative plenty, 
and even a few beetles, moths and butter- 
flies. But the abundance of inscct-lifc, so 
striking in the tropics, is absent. Insects, 
like reptiles and amphibians, get progress- 
ively less important as the climate grows 
colder, since their activities fall with the fall 
of temperature. If there were warm-blooded 
insects, they might well be as abundant in the 
arctic as birds ; but insects cannot be warm- 
blooded : the limit of size imposed upon 
them (Book 5, Chap. 5, § 7) means that they 
have, compared with their bulk, too great 
an area of surface out of which heat can leak 
away. One of the few attempts at warm- 
bloodedness is made by humble-bees, whose 
comparatively large bulk and thick, hairy 
coat hinder the heat generated in their 
muscles from escaping. While they arc 
moving, their temperature is several degrees 
above their surroundings : and this property 
enables them to penetrate much farther north 
than the smaller and less hairy hive-bees. 
The lower southward-facing slopes of the 
Spitsbergen mountains, only seven hundred 
miles from the pole, have a rich carpet of 
bright flowers during the short summer 
season ; and even in the northernmost 
regions of Greenland there are great stretches 
of flattish tundra bare of snow in the sum- 
mer, with a vegetation capable of support- 
ing a population of shaggy musk-oxen. 

There are some interesting adaptations 
to be found both in plants and in animals. 
Many of the plants, in response to the few- 
ness or absence of bees, have changed over 
from reproduction dependent upon insect- 
fertilization to some other method. Some 
have become self-fertilizing ; others, though 
they still produce flowers, never set seed, but 
rely on some form of sexless reproduction. In 
response to the shortness of the summer many 
prepare all they can beforehand, and burst 
into flower and leaf the moment the sun 
that^ the snow off them. The same thing 
happens in Alpine regions. Here, however, 
SoldancUa, the ice-flower, goes one be^er. 
Its flower begins to grow while the snow- 
blanket still lies over it ; and the heat 
generated by the chemic^ activity of its 
growth actually helps to melt a tiny chamber 
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over the bud and brii^ the plant i„ . 

a few days before it could othcrlis^nr 
escaped. 

A very interesting effect of the au tic frvvi 
shortage is seen in some of the hp ds tT 
skuas, for instance, and probably ihc snow 
owls, do not breed every year. In yp. ' 
of scarcity they make no attempt at nestum^ 
their systems probably respond auiomaticallv 
to low temperature and lack of food, their 
ductless glands are not set in the direction 
needed if the ovaries are to pile u}) yolk m 
their eggs, and the reproductive impulse is 
never felt. In a somewhat similar wav 
butterflies which in warmer climates nia\ 
have several broods in a year, in the high 
north take two or even three years to grrow 
from egg to adult, the caterpillar hihernating 
between his summer feeding-periods. 

But in the polar regions, arc tie and 
antarctic alike, the great contrast is between 
land and sea. For if the land is pooi in lili , 
the sea is rich. For one thing, polar hie. 
so long as it remain in the watci, is not 
exposed to the extremes which it must suffei 
if it emerge into air. The sea may free/e 
over ; but there is always water below, and 
this must be above freezing-point. But theic 
is more than this ; the life of open wateis 
is actually more abundant near the poles 
than in the tropics, largely owinjg to dieie 
being more nitrogen salts availabh^ in cold 
than in hot waters. Diatoms discoloui the 
polar seas for miles. Supported by the dia- 
toms live hordes of crustaceans and other 
small creatures. It is a strange sight to lean 
over a ship’s side in a Greenland fjord, with 
rock and ice all about one on the land, and 
see a constant procession, perlia})s one to 
every square yard, of black specks of life, 
each provided with a pair of flapping 
wings — millions upon millions of the jjelagic 
snails called Pteropods. 

As result of tins richness of the polar 
plankton, the dominant life of both tlie polai 
regions lives either in the water or, at least, 
upon its products. We have spoken at die 
end of Book 5 of the hordes of birds which 
take advantage of their winged mobility to 
visit the arctic in summer, take toll ol tht- 
riches of the sea for themselves and their 
young, and leave for the south before icc and 
darkness cover their feeding-grounds. 

Of the arctic mammals, aquatic foi 
pre-eminent. The walrus browses on the 
shell-fish which he rakes out of the arctic 
mud witlhl^ pick-like tusks ; the seals swami 
in both pmar zones, and have a great range 
of habits, from the inoffensive crab-eater 
to the leopard seal, the tiger of the antarctic, 



LIFE IN FRESH-WATER AND ON LAND 


.,icl, lov.s a penguin if it can get one. 
Thfir svuinming powers are wonderful. 

il it, 
will 
dart 

fi7rwarcl m tlie face of a current against which 
a ship's Iioat with four oarsmen can scarcely 
make headway. Like land-carnivores, they 
are alert and intelligent— -the real dogs of the 
‘(.3, In the arctic summer, the seals love to 
bask contentedly on the slow-drifting ice- 
When they are busy fishing they have 
to corne up to breathe from time to time ; 
this they f^cnerally do at particular holes or 
cracks in the ice ; there the Eskimo hunter 
\\.iits, harpoon in hand, for their emergence. 
Seals arc the staple food not only of the 
Eskimo, but of the polar bear, which is 
amphibious, and divides its time between 
water (in which it swims excellently) and 
i(T 'I'ho land it has almost entirely for- 
saken. 

Seals keep warm by means of the thick 
layei of blubbery fat which blankets them 
Tinder their skin. Il is noticeable, by the 
way, tli.ii wherever fat is employed as a heat- 
ret.iiru'r a.s well as a store of food, it is spread 
uniformly all over the body ; this character- 
izes not only seals, porpoises and whales, but 
also siK'h creatures as reindeer, boars, and 
many oihor northern land mammals. But 
in hot climates, where it is needed only as a 
reserv(‘ of food, and the need of the warm- 
blooded animal is to lose heat, not to retain 
it, the fat is stored in local accumulations, 
leaving; most of the body-surface unblanketed, 
:ts in the hump of the zebu or camel, or the 
tail ol the hu-tailed sheep. 

Seals, too, like sea-birds, come inshore to 
bleed. I ho “ rookeries ” of some species 
rival those of the penguins in population and 
bustle. 


Where ^ ^ ill 

Loon ^^hh a strong current througl 
Af th.- seals deUght to play. They 
. nnwers against the stream, and 


Whales do most of their feeding and breed- 
ing in high latitudes. The inhospitable shores 
ol antarctic islands, such as South Georgia, 
now' hum with activity ; and the whaling 
industry grows rich. The biological basis of 
^nis prosperity is the whale’s need to keep 
warm ; for this he grows his juicy under- 
garment, sometimes a foot thick, of blubber ; 
^nd luT eomes to the antarctic to do it because 
die richness of its waters in plankton, 
lit there is a real danger that intensive 
t'^ning may bring whales as near extermina- 
hon in the soutfiern hemisphere as they have 
^rcady been brought in the northern, 
^orkbregulation of the whale-fishery is the 
only hope, 

^ Iw bottom life of polar waters is rich, too. 


Captain Scott’s antarctic expedition secured 
wonderful hauls of such creatures as sea- 
urchins, sponges, and the queer sea-spiders 
or Pycnogonids — all leg and no body. 

Recently Stefansson, the well-known 
explorer, has sought to persuade us that the 
arctic is not so bad as it is painted. The 
Friendly Arctic he calls it in the title to his 
book. He points out that the cold is much 
more intense in North-eastern Siberia than in 
the arctic, that the tundra supports a rich 
vegetation far beyond the arctic circle, that 
what with reindeer, musk-oxen and seals, the 
explorer need never want for fresh meat, 
and that we may hope to solve the world’s 
meat problem by introducing reindeer into 
arctic Canada and breeding them there on 
^ scale to fit those vast bare spaces. 

There is much truth in this ; but it is not 
all the truth. There are the winters to con- 
tend with ; months of total darkness, even 
if enlivened by the displays of the Aurora, 
are hard to face. And the arctic which he 
speaks about is only the fringe of the arctic. 
The high arctic, save where local conditions 
keep it relatively fertile, is desolate enough. 
The west coast of Spitsbergen is full of flowers 
and birds in summer, because the climate is 
kept mild by the Gulf Stream. But the east 
coast is exposed to the polar current from the 
north and is barren and forbidding in the 
extreme. Then again, though it is true that 
seals abound all round the shores of the polar 
sea and for many miles northward, they do 
not seem to penetrate within several hundred 
miles of the pole. Our world is capped with 
a flat expanse of ice, barren of all life of 
mammal or bird, save rare storm-blown 
stragglers or the still rarer human explorers. 
On the other hand, as knowledge of weather 
conditions grows and aircraft improve in 
reliability, it is on the cards that this desert 
may see a busy traffic overhead ; for it is 
by far the shortest route from Europe to 
Japan, or New York to China. 

Over the life of the high mountains, inter- 
esting though it is, we cannot stay long. 
Broadly speaking, it is like that of a moun- 
tainous polar land, but without any com- 
pensating riches like those provided by the 
polar sea. Just as all land-life ceases long 
before the poles are reached, so the tops of the 
highest mountains are absolutely barren of 
life, plant or animal alike. 

The summit of Mount Everest reaches 
29,000 feet. On the Himalayas a few plants 
grow up to 19,000 feet. Most animals istop 
where the plants stop ; but the climbers <m 
Mount Everest saw the tracks of mountain- 
sheep at 20,000 feet, of hares and foxes at 
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21,000 feet, and wolf-tracks at 21,500 feet ; 
a vulture was seen flying at 25,000 feet, 
and a few choughs visited the camp at 23,500 
feet and followed the climbers out of curiosity 
to 27,000. 

At lower leffels mountain-life, if not rich, is 
full of beauty and interest. The low- 
growing plants, tufted and cushiony, often 
have flowers of a brilliance denied to those of 
lower altitudes ; and there are grazing- 
animals like the ibex and other mountain- 
sheep, the mountain-goats and the chamois, 
all with an astounding agility and sure- 
footedness ; and beautiful beasts of prey like 
the snow-leopard. The biggest of all flying 
land-birds are mountain-dwellers — ^vultures 
like lammergcier and condor ; and there arc 
smaller birds like cliff-swallows and mouil- 
tain-choughs, and the rock-creepers, that 
search the faces of cliffs for insects, at each 
upward jerk displaying a crimson flash of 
wing-feathers. 

Perhaps the most impressive thing about 
the mountains is that life, the insurgent, with 
all the pressure of millions of years of over- 
reproduction behind it, has not been able 
to scale their tops. The highest spot on 
earth’s surface is only five miles and a half 
above sea-level ; but life has faded out far 
below. 


§8 

Island-dwellers 

Certain special aspects of island-life have 
already occupied us. We have seen in Book 
3 how their inhabitants afford a proof of 
Evolution by resembling those of the nearest 
mainland ; and in Book 4 how the isolation 
which they provide has brought new types 
into existence. But we have said nothing of 
the peculiar stamp which Island-life sets 
upon many of its creatures. 

The most obvious characteristic of island- 
life is the high percentage of flightless forms 
to be found among the great winged groups 
of birds and insects. There is a flightless 
cormorant on the Galapagos. New Zea- 
land still possesses several flightless birds, 
such as the kiwi, the owl-parrot, and two or 
three rails ; but once it also harboured the 
huge moa, a giant flightless goose, a giant 
flightless duck, and a flightless hawk, all now 
extinguished, probably by man. The most 
celebrated flightless bird of them all, the 
dodo, was an inhabitant of the oceanic island 
of Mauritius. Its anatomy shows it to have 
been a ridiculous and overgrown pigeon 
which had grown small in wing but large 
in body. The solitaire of the neighbouring 

550 


chapter j 


island of Rodriguez was another ;,ver»r. 
flightless pigeon. This creature 
plump, but had evolved a little nav in 
ostrich direction. On the same i land r 
a nearly flightless heron, also now UlledofT 
Then there are a large number of flighiu, 
birds which live on one or other of th 
South Sea Islands. Many of them are raik 
which is natural enough, seeing that an ordin 
ary rail spends most of its life without using 
its wings at all as it skulks through the 
marsh herbage. And others are moorhrm 
which also skulk. 


New Zealand, though such a number of 
its birds have lost the power of flight, is not 
characterized by a very high proportion of 
flightless insects. It is only the smaller 
oceanic islands where these abound. Ker- 
guelen and Crozet Islands, down south 
towards the Antarctic, between South Africa 
and Australia, are excellent examples. Of 
seventeen genera of Crozet insects, fourteen 
are flightless ; of eight species of Kerguelen 
flics, only one lives up to its name and can 
fly. Nearer home, in Madeira, nearly half 
the beetles have lost the power of flight, and 
the same sort of thing is found in Hawaii, the 
Falklands, and elsewhere. 

The adaptive meaning of the winglcssncss 
is clear. The insects of small, isolated spots 
of land will perish if they are caught on 
the wing by a wind and blown out to sea. 
Every mutation favouring shorter wings or 
a lessened inclination towards flight will 
benefit its possessors, until finally the race 
loses the capacity and the instinct of flying. 
For the larger and more powerful birds, 
however, with their better sense of vision, 
this will not be so important, though 
it may contribute. What will count with 
them is the fact that an island lacks pre- 
daceous land-animals, especially the active 
mammals. A role is thus vacant, waiting 
to be filled, in the economy of the place, for 
which the bird may fit itself if it grow wing- 
less. For by sacrificing its wings it can put 
more strength into body and legs — as does 
the kiwi — and can escape from the mechan- 
ical limitations to size which flight imposes 
and grow enormous, like the dodo or 
solitaire or moa. 

This lack of predaceous enemies may be 
revealed in other ways. Since island-birds 
are not under the necessity of escaping notice 
by matching their surrounding, there will 
be little selection against the'albino and other 
colour mutations which in all birds occasion- 
ally crop tJp. And, as a matter of fact, white 
quails are common in the Azores, and pied 
blackbirds much less scarce than on the 
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id, hile pied and albino ravens are 
rciroqiH'iit in Ireland and the Faroes than 
^.hcre : and the same is true of many 
VfW Zealand birds. The tameness of the 
"birds of oceanic islands, which we have 
already niatitioncd, is due to the same lack of 

comes about that flightless land-birds 
are typical of larger islands, but only if these 
lack "mammals ; while the percentage of 
limitless insects goes up with the smallness 
ind the storminess of their island homes, till 
]i reaches its maximum in Kerguelen, where 
a calm day, or indeed a day without a 
storm, is a rare exception. 

I’here is one other characteristic of island- 
faunas. When a small island harbours 
representatives of some large mammal, these 
are almost always small. One of the most 
striking examples is the dwarf elephant which 
lived in Malta in the Pleistocene (V E) ; 
and the islands of the Mediterranean still 
possess diminutive races of red-deer. Such 
creatures first inhabited what is now the 
island when it was still connected with the 
mainland. As seas encroached it was cut 
oil and grew smaller ; and as it grew smaller 
siihsistcnce grew less easy to find, and the less 
bulky creatures survived where the bigger 
ones starved. For a similar reason, it would 
seem, the reindeer on Spitsbergen are of a 
semi-dwarf race ; but here the difficulty of 
bnding .subsistence depends more on the 
barrenness of their land than on its physical 
smallness. We can imagine the appalling 
struggle for existence that goes on as such an 
island slirinks to nothing and disappears 
below water. For instance, as the plain 
between England and the Netherlands be- 
came converted into the North Sea, what is 
Jiow the Dogger Bank remained for long 
centuries as an island. On this a sample of 
I be late Pleistocene fauna seems to have 
cemained for a time, but the whole menagerie 
eventually drowned. 


§ 9 

Cave-dwellers 

Underground, in hidden streams and 
^‘'tveriis^ there lurks a specialized fauna that 
recalls m certain ways the inhabitants of the 
It is for one thing a parasitic world, 
oarc of green plants, since light, the prime 
generator of all life, is absent. Cave- 
VNTiling creatures cither resort there for 
and protection, as bats or breeding 
corniorante or rock-pigeons do, and seek their 
outside ; or, if they are permanent 


inhabitants, they live on the scanty scraps 
brought in by the shelterers and casual 
visitors, blown or drifted in by air, or floated 
through by subterranean streams. Among 
these permanencies there arc a few beetles, 
grasshoppers, centipedes and spiders, but 
these live mostly near the mouths of caves ; 
the aquatic forms are more interesting, 
especially the crustaceans, fish, and amphi- 
bians. 

It is a curious fact that no cave-dwellers 
possess phosphorescent organs. Accordingly 
none have developed large eyes specially 
adapted for dim light, like some of the deep- 
sea dwellers, but a large number have 
become sightless, often developing long 
feelers or legs with sensitive hairs to make up 
for their blindness. Many also have lost 
their pigments and become white, since in 
the absence of searching eyes there is no need 
for the blacks and invisible reds of the deep 
sea which enable their wearers to blend with 
the darkness. 

Amphibians which have found a refuge 
from competition in underground water 
have had to suppress their adult phase, living 
all their life as gill-breathers, and have 
become colourless and blind. The best 
known of these is the strange Proteus of the 
great limestone caves of Carniola, white 
(save for its pink gills), and blind, with tiny, 
sightless eyes. If when young it is exposed 
to white light, it develops abundance of dark 
pigment, and the pigmented skin even 
covers the eyes ; but if it be exposed to red 
light the skin over the eyes remains trans- 
parent, the eyes develop, and the animal 
can be made to sec, though its ancestors have 
been sightless for thousands of generations. 

Another such blind and permanently gilled 
amphibian is Typhlomolge, which inhabits 
underground water-courses in Texas and is 
sometimes hurled surprisingly into the 
light of day from an artesian well. 

In some caves, like the Mammoth Cave 
of Kentucky, large lakes lie underground ; 
and here cave-fishes are to be found — they, 
too, exhibiting various stages in loss of colour 
and degeneration of eyes. And there arc 
blind and pallid cave-crayfish and cave- 
prawns and well-shrimps, albino cave-snails 
and milk-white cavc-flatworms. In the 
underground channel which leads off water 
through the mountain-side from Thirlmere 
to supply the city of Manchester, numbers 
of the common green Hydra have established 
themselves, feeding on the debris brought 
down by the slow current. But in the dark- 
ness the green alga-cells which normally live 
as partners within the Hydra’s body cannot 
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exist, and have died or emigrated, leaving 
the race of subterranean polyps white and 
transparent. 

The cave-fauna presents some of the 
perennial problems of Evolution in particu- 
larly clear-cut fashion. Are cave-animals 
blind, for instance, for Lamarckian reasons, 
because of the accumulation of the direct 
effects of generations of darkness, or has the 
inheritance of acquired characters had 
nothing to do with the matter ? And 
if the Lamarckian view be ruled out, have 
they become slowly adapted to cave-life 
by the selection of smaller-eyed varieties ? 
or was there what is sometimes called pre- 
adaptation, in that animals which happened 
to have poor eyes or to be blind, sought the 
shelter of caves and found there an environ- 
ment suited to their constitution ? 

Lamarckian views we have already ruled 
out as improbable on various general 
grounds ; but such examples as that of 
Proteus are additional evidence against 
them. If it has taken thousands of gene- 
rations for the effects of disuse to make the eyes 
-idirink to their present size, how account 
for the fact that a single lifetime in red light 
will bring them all the way back to normal ? 
There seems to be no doubt that long-con- 
tinued disuse often leads to inherited degene- 
ration ; but the Darwinian would assume 
that, since selection no longer operates to 
keep the eyes up to the mark, animals with 
any mutation leading to incomplete eye- 
development could survive as well as those 
with normal eyes, and would, indeed, be at 
a slight advantage, since there would be less 
material and energy of growth employed 
in building up an organ that no longer had*" 
any value. 

I’hcre exist cave-animals which would 
help us to test the rival views. In the old 
mines of Glausthal in the Hartz, abandoned 
now for centuries, varieties of water-shrimps 
and water-slaters (Gammarus and Asellus) 
occur, almost indistinguishable from the 
common forms of the illuminated world 
above, save in their lack of pigment and their 
half-degenerated eyes. If these were crossed 
with normal types, and it was found that the 
difference was inherited in Mendclian fash- 
ion, we could be reasonably sure that the 
degenerate eyes owed their existence to 
mutation. There remains the possibility of 
pre-adaptation. It seems clear that this 
^onc will not accotint for the blindness of 
cave forms. For one thing, some cave- 
animals arc found without even a vestige 
of eyes, even in the embiyo, although no such 
eyelet varieties have been found in- their 
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above-ground relatives. For anr.thcr .11 l 
evidence at our command indicairs tli 
degeneration is a slow process, lakinolr'" 
step by step. This is well sho^n 1 ™ 1.7* 
gressive reduction of eyes sec, I,, 
related species of cave-fish. Pr.-adapta,? 
howev^, might play a pan i,, suitj 
species of cave-hfe. Creatures that sin 
the light and do not rely much upon ihei 
eyes are much more likely to take to cavern 
to live in than are light-loving species wit] 
good vision. But once established in thei, 
new habitat, further evolution will ht needed 
to put the full cave-stamp u\)m them 
This process we may call post-adaptation 
On the whole (and this question of adapta^ 
tion to cave-life is obviously only a corner 
of a more general problem), our knowledi»o 
indicates that pre-adaptation, though usuailv 
slight, may often be decisive in fixing an 
organism in a particular environment, while 
post-adaptation is the more import, uu in 
working up the detailed correspondences 
between constitution and surroundings that 
are so striking to the naturalist in the 
field. 

So far we have dealt only with permanent 
cave-dwellers ; the part-time cave-inliahi- 
tants are often of the greatest inteicsl. Hats, 
for instance, may hang in incredihle num- 
bers from the roofs of some caves, and then 
droppings may accumulate like those of sea- 
birds to make valuable deposits of guano, 
But we have no space to enter into the 
biology of bats, and will conclude this section 
with a single remarkable example from the 
Antipodes. 

In the Waitomo caves in New Zealand, 
there are underground lakes whose mofs 
are studded with tiny points of emerald light. 
These stars arc lights made by insert larva' 
the caterpillars of the fly Arachnocampa. 
Each spins for itself a number of glutinous 
threads which it lets down from the roof. 
Whenever any flying creature, attracted by 
the light, is caught on a thread, the gnih 
above wriggles along and cats its catch. 1 he 
caves communicate readily with the outer 
world, so providing abundant prey. Whetj 
they are full-fed, they metamorphose, and 
fly out of the caves to the world outside 
Another species is found in Australia ; both 
kinds may live in dark crevices in shadv 
moist spots as well as in caves. A strange 
feature of the larvae is their sensitiveness to 
sound : even voices above a whisper cause 
all the lights to be extinguished. So abun- 
dant are^Hhese creatures in some of Jhf 
caves that they make a subterranean 
Way whose light is strong enough to see by. 



life FRESH-WATER AND ON LAND 


§ 10 

Oui-of-the-way Modes of Life 

Perhaps \hc most severe conditions which 
iMia/ to endure, more severe even than the 
larren darkness of caves, are to be found in 
hot springs, for protoplasm simply coagulates 
rkf white ol egg when heated above a certain 
mint. The common grass-frog stiffens and 
dies thus ai temperatures well below that of 
the hnman body ; and there are very few 
animals or plants of nomal habitats, even 
in the tropics, whose tissues can stand a 
tempcralui c of over 40° C, Yet all but the 
hottest springs have some life in them. 

Interestingly enough, the tolerance of heat 
goes down as we rise in the organic scale. 
For many-cclled animals 45° G. (iig^F.) is 
alxmt the limit ; and there are no verte- 
brates that can stand this, but only a few 
snails, beetles, worms, and Crustacea, while 
soirK' wheel-animalcules may tolerate a little 
more. Some single-celled animals on the 
oihci hand can stand up to 55° C. : and there 
,ire priinilive algae that live in water at 80° C. 
17-, F.j -nearly hot enough to make coffee 
with ! 

riit'se (reaturcs are interesting from the 
point of view of evolution ; for their hcat- 
resisting capacities lie well above anything 
to he found in more normal habitats ; the 
.'icLiptation to this hot-bath life must thcrc- 
lon* be a new and special acquisition, brought 
about by selection acting on rare and lucky 
v.inations. 

T'he saint' transgression of life’s normal 
power is seen in the inhabitants of salt-lakes 
and lime-pans. Nowhere else has life ever 
cncouniered a salt-content greater than about 
ioriv parts per thousand by weight, a figure 
which obtains to-day in the surface waters 
of the Keel Sea. But in the waters of the 
Dead Sea and the Great Salt Lake the salt- 
content is over two hundred parts per thou- 
sand, and even this concentration is exceeded 
by certain other salt lakes. 

d he Dead Sea contains no life ; but in the 
breat Salt Lake there is a typical set of salt- 
tolerant creatures — a few algse, the grubs of 
the salt-fly Ephydra, a water-boatman, the 
hrine-shrimp Artemia, and various protozoa, 
the brine-shrimp and the salt-fly are the only 
two m any-celled animals that are really 
succcsslul exploiters of these highly salty 
waters. The brine-shrimps are sometimes 
^ aljundant that they colour the water red, 
^tid jound soQie of the Californian salt- 
^ 3 ^hcs there is in summer a black rim, 
JTsthlf from several miles away, consisting 
tt nil 1 lions upon millions of the little salt- 


flies that have been produced by the grubs 
in the brine. 

Here again these abnormal powers of 
resistance must be the result of a special 
evolution ; but the rarity of salt-specialized 
creatures shows how few must be the muta- 
tions out of which such almost unnatural 
tolerance can be built. The salt-fly grubs 
are by nature altogether tough. They can 
live half an hour in absolute alcohol, which 
will kill most creatures in a second or two, 
and in 4 per cent, formaldehyde, a standard 
killing and pickling fluid for animals, they 
live over twenty minutes. 

Transitory pools are another queer habitat. 
The beautiful fairy shrimp, Ghirocephalus, 
may be found living and breeding in the 
water of cart-ruts. When the water dries 
up, it dies ; but leaves its drought-resisting 
eggs behind to be blown away and perhaps 
to colonize some other cart-rut in the 
future. 

In deserts and semi-deserts, the transitory 
pools of water brought into being by the rains 
are almost at once filled with the life that has 
hatched out of waiting eggs and cysts ; 
sometimes amphibians manage to carry on 
their species in such districts by laying in the 
pools as soon as formed, the eggs and tadpoles 
hurrying desperately through their aquatic 
life to turn into frogs before the pools dis- 
appear. 

Aquatic life too manages to exist in tiny 
hollows in tree-trunks, and even in the 
moisture absorbed by cushions of moss from 
showers of rain. In this latter case the dry- 
ing-out of the microscopic swamps may be a 
matter of hours instead of days or weeks, and 
it will not be enough for the animals that live 
there to possess drought-resistant eggs, since 
their home will often dry up before even a 
microscopic creature has had time to get 
through its life-history ; they must be able 
to become drought-resistant even when 
adult. The importance of the time-factor 
in animal affairs could not be better illus- 
trated. 

The chief inhabitants of these tiny moss- 
marches are bcar-animalcules (which mostly 
suck the j'uices out of the moss-cells, and cling 
on with hooked claws to prevent themselves 
being swept away by rain), small round- 
worms, wheel-animalcules and a few tiny 
Crustacea ; and they can all, at any time of 
their life-history, respoi^ to drought by 
shrivelling up and banking the fire of thefr 
life so that it merely smoulders ; in this state 
they can wait for months or even years until 
moisture again swells them to sappiness^ and 
activity. The seasons do not exist for these 
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creatures ; every now and then their 
existence is broken into by periods of sus- 
pended animation) out of which they emerge 
to take up their life at the point where it was 
interrupted. 

The nests of ants and termites have their 
own highly specialized group of inhabitants ; 
but of them we shall speak in a later Book. 
Even dung may provide a definite habitat ; 
a distinct and specialized fauna and flora 
lives in and under cow-droppings, for 
instance. And there are a host of queer 
habitats provided directly or indirectly by 
man. Not only is there a rich fauna on 
sewage-farms, but a study of its habits is 
proving vital to scientific sewage disposal ; 
and the inhabitants of waterworks are equally 
interesting and important. Sand-filters are 
widely employed in modern water-supplies ; 
they are of the greatest value, since they 
will prevent the passage even of bacteria. 
But this is not due to the mechanical filtering 
power of the sand, but to the much finer filter 
formed on its surface by microscopic plants, 
mostly diatoms. This guards our water- 
pipes against two dangers — first against 
bacteria dangerous to health, and secondly, 
against invasion by the reproductive bodies 
of animals and plants that could find shelter 
there. 

When the water is not filtered, surprising 
results follow. Hamburg in 1886 was sup- 
plied with water from the Elbe, unfiltered, 
and stored in reservoirs for a quite inadequate 
length of time. Water shrimps began to pop 
out of the taps, and the pipes to get blocked 
with growths of Polyzoa, and even occasional 
eels. In 1886, Professor Kraepelin, by means 
of a wire-gauze cage which could be screwed 
on to the mains as desired, investigated the 
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-pipes. T\iv 11 

creatures, such as Rotifers, 

th. of *0 'b^;“ 

secured specimens of fifty differe.it 
animals. Sponges encrusted the t„n„ "u 
huge mossy growths of Polyzoa a .< iir"'! 
polyps, which often came ^ S' 
masses. There were plenty of worms f 
mented, flat, and round, and of bival!’ 
molluscs ; shrimps and other Crustacea U h 
fresh-water and marine, were not uncor 
mon, notably “ loathsome swarms ” of th 
common water-slater, Asellus. Once a small 
flounder was captured ; there were a fair 
number of sticklebacks ; and eels (up to 
a foot in length) infested the pipes in thou’ 
sands. In spite of the revelation of this huet* 
fauna under the city streets, nothing was 
done for years. The population wa.s casv^ 
going, and the manufacturers of domcstir 
filters, who did a roaring trade, sucrcecled in 
putting off reform. Then one day came the 
crash ; in 1892 the waters of the Elbe bccamr 
infected with cholera germs, and over eight 
thousand of the people of Hamburg died of 
that dread disease. Sand-filters were in- 
stalled ; the mixed fauna was barred from 


the biological Eldorado it had found in the 
pipes ; and the people of Hamburg no 
longer ran the risk of cholera. 

But we must bring our chapter to a close, 
although the catalogue of strange lives could 
be continued almost indefinitely. Let Mr 
Everyman stroll round his garden and look 
(to give him a few suggestions) under stones, 
among dead leaves, on the branches of living 
trees, in the rain-butt, on the mouldering 
wood of an old fence, to see how many difier- 
ent habitats, each with its own peculiar zoo, 
he can find. 
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Partnership and Parasitism. § 2. The Scale of Living Things, 
and Pattern in Life. 


§ 3. Colour 


§ I 

Partnership and Parasitism 

I jyr previous chapters we have tried to 

show how life presses and crowds into every 
nook and corner of the earth’s surface that is 
habitable. We have found life exuberant 
^nd various in hot springs, deep caves and 
jnnghills, on remote oceanic islands, on 
Towning mountain crags ; in all these places 
he same drama of hopeful germination and 
)itier struggle. But we have said little so 
ar of how life jostles life, how, in virtue of that 
same life-pressure which injects organisms 
into the tiniest cracks on our world, living 
things impinge on each other. And yet a 
large part of the effective environment of any 
given kind of animal or plant consists of 
other animals and plants. The struggle for 
existence forces them into mutual relation- 
ships, often of the most intimate and extra- 
nrdinary kind. In this section we shall 
describe some of the most striking of these, 
md show how, as in the more plastic changes 
.)! human relationships, casual association 
nay pass over into mutually helpful partner- 
hip, or the undercurrent of competition may 
ransform partnership into parasitism ; how 
loshaip line is to be drawn between parasit- 
I .sin and the straightforward relation between 
dvvourcr and devoured ; and how difficult 
It nuiN be to distinguish between service and 
shivery. 

Of the larger animals and plants, perhaps 
the majority live in intimate association with 
humbler organisms. Our own mouth-cavity 
‘lud intestines harbour millions of bacteria, 
spirocha;tcs, and protozoa. Most of these 
tti'c neither harmful nor the reverse to their 
Kiani host ; they simply take advantage of 
I he peaceful warmth and food provided by 
hts tubular interior. But in herbivorous 
^lurnmals the bacterial flora is part of the 
niachine. Without bacteria, the mechanism 
a horse would not work ; for it is they 
' .ich art as chemical tin-openers to all those 
macroscopic boxes, the plant-cells, in which 
yc digestible part of his food is locked up. 

0 sucli mutu^ arrangements by which both 
piirtners gain there is generally given the 
of symbiosis — a joint life. And then 
are bacteria, no different in general 
appear ance from any other sort, which pene- 


trate into blood or tissues and there grow 
and multiply at their host’s expense ; they 
are parasites. 

The abundance of parasites is extra- 
ordinary. Most species of animals harbour 
several different kinds of parasites, and 
though most of these are common to several 
hosts, the total number of parasite species 
must be almost as great as the total number 
of free-living creatures. We have already 
described one or two examples — the tape- 
worm, with its never-ceasing production of 
jointed living ribbon, each segment, when 
mature, being impregnated by one of its 
neighbours, and later dropping off to dis- 
seminate the embryos with which it is packed 
for the invasion of a second host (Fig. 
91) ; the liver-fluke with its cycle, now in 
sheep and now in snail, always changing its 
form, but always a destroyer (Fig. 93) ; 
Sacculina, ramifying through the whole 
organism of some unfortunate crab, event- 
ually bursting out like a hernia before killing 
its host, a bulging bagful of sperm and eggs 
(Fig. 82) ; the guinea-worm, a living thread 
up to six feet long, making abscesses in 
human flesh through which to discharge its 
eggs, hardly to be got rid of save by winding 
it out, perhaps an inch a day, on a slip of 
wood which between whiles is fastened to the 
limb (Book 2, Chap. 3, § 5) ; the dreaded 
Trichina of measly pork ; the roundworms 
of our own and our dog’s intestines. 

Here we will add a few more to our list. 
The hook-worm is another roundworm. Its 
eggs leave human bodies in the fasces ; its 
young stages live free in moist earth, and gain 
entry to human body again by scratches in 
the skin. Bare feet and bad sanitation keep 
it going. Once inside, it is carried by the 
blood to the lungs, there forces its way into 
the air-spaces, and then, exploiting for its 
own use the normal human protective 
mechanism by which alien particles are ex- 
pelled, is carried up to the mouth by the 
beat of the ciliated cells. Then it is swal- 
lowed ; arrived at the intestine, it bites 
on to the wall with its powerful jaws, and 
remains there sucking blood until full-grown. 
A heavily infected man may contain many 
hundreds of hook-worms, each about half 
an inch long, all draining his life-blood. 
No wonder that the population of hook- 
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are anaemic, listless and un- creation of the world as 


worm areas 
progressive. 

Insects, if parasitic, are usually parasitic 
during their larval stages only. One of the 
most familiar examples is the ox warble-fly, 
which ruins thousands of hides every year ; 
the eggs are laid under the skin, and the 
maggots cause the “ warbles ” — large swollen 
lumps — through holes in which the fly even- 
tually emerges. The horse botfly, on the 
other hand, penetrates farther. The eggs 
are laid on the limbs ; they hatch within a 
day or so, and the tiny lai^ac cause such 
itching that the horse licks the part and, 
without knowing it, swallows the maggots. 
Thus .obligingly brought inside, they fix 
tight on to the stomach lining and grow there 
for the best part of a year. 

Other flies lay their eggs in the noses of 
men and beasts, and the growth of the 
maggots may cause much suffering and even 
death. And there are a number of' blow- 
flies which have departed from their normal 
habit of breeding in decaying flesh to deposit 
their eggs in open sores on living animals. 
The maggots live on the decaying flesh, and 
their presence ensures a continuance of the 
food-supply by aggravating and enlarging 
the wound. There are many millions of 
sheep in Queensland ; and of each million 
nearly fifty thousand die a fly-blown death 
every year. 

A rather different form of parasitism is 
found in many hymenoptera. Some of 
these are so small that their grubs are para- 
sitic only on other insects’ eggs ; but most 
of them parasitize other grubs. The female 
ichneumon-fly, by means of her long sharp 
ovipositor, lays her eggs deep in a cater- 
pillar’s body. The young hatch out and 
devour the animal from within, as if a brood 
of rats were to eat their way through a living 
sheep. At first they spare the vital organs, 
confining themselves to fat-stores, connective 
tissue and the like ; so that their host can 
still continue to feed and supply them with 
nourishment. No killing of the goose that 
lays the golden eggs ! But the last golden 
egg produced for them by the caterpillar is 
that it should transform itself, when full- 
grown, into a pupa with a tough protective 
shell. Once safe within that, the ichneumon 
larvae cat all that remains, themselves attain 
to full growth and bore their way out to 
pupate. 

One does not at first know which to be more 
impressed by — the admirable delicacy of the 
adiiptation or the refinement of cruel ex- 
ploitation. Such facts are, indeed, a real 
difficulty for those who believe in the 
556 


pter, 

“Elands ijY , 

' nlVc ■ “ 


beneficent deity. But they ,„ur t, 
moral problem to the evolutio.iist 
selection is a blind agency .n«l in™™’ 
human valua. It is as u.,,,mifiabW 
ascribe moral quahties, such av cruehv 
beneficence, to animals or th(' process^ ^ 
their lives, as it is to ascribe purpose'to iK 
wind or consciousness to a momuain u 
processes of Nature know no values- S 
values arise in the mind of niaii. ’ ! 

Microscopic parasites can he enuallJ 
deadly. Those single-celled Oa^dlau-s, ih^ 
Trypanosomes of sleeping-sickiu-ss, are cvcil 
beautiful with their flagellum attached to a] 
transparent fin-membrane, as ilu-y iindulaJ 
their way through a crowd of h\^A 
corpuscles. But they multiply in the hlfKxll 
and then invade the cerebro-spinal fluid 
the patient grows drowsy and wastes awav, a 
ghastly bag of skin and bone, to an .ilrnastj 
inevitable death. This microscopic flajrd. 
late killed over 200,000 men in Aflica ir 
seven years ; and a near relative, whirhj 
causes the nagana disease of domestic animals! 
makes it impossible to use horses, donkevs,’ 
cattle or mules over several million s(|uar(‘ 
miles of the same continent. 

Animals are not parasitized solely by other 
animals. The bacteria are the most im- 
portant of any parasites. They arc all 
commonplace in appearance ; ilicir virul- 
ence is chemical. The bacillus oi plasmc is 
a microscopic rodlet like any free-liviiitt 
bacillus ; but it kills men like flies, ’llir 
bacteria are as giants compan'tl with the 
filter-passing viruses. But size is no critciioii 
of deadliness ; such virulent diseases as 
yellow fever and small-pox and foot-and- 
mouth are the result of parasites so small 
as to be ultra-microscopic. 

Plants too may be parasitic. The spores 
of the fungus Cordiceps invade the li.ssiies 
of caterpillars ; then they germinate into a 
mass of filaments, which eventually penneate 
the host. Finally, the caterpillar crecj« 
down to the ground and dies, while the 
fungus sends out its fructification in the form 
of a long horn-like structure from the host s 
head. The caterpillar may be almost who \ 
vegetalized in death, and remain ( onvert 
into a woody mummy for several nion ^ 
Ringworm is due to another fungus wtuc 
flourishes on living human skin. . 

Then there are animals which expo 
plants. The most striking cases are t 
of the ffall-producing insects and . . 
most "^undant being nudges and 
hymenopterans. Their stranp power 1 
to make their plant-host produce both 
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I , , |,„ their young. They lay their 

H* i,-urs or flowers, stems or roots; 


on 


^.T/Xnt-tissues grow up round the 
>..ub to make a gall— a structure 
'Tfauhe "unlike anything normally pr^ 
of'f’.f ‘ ,h, plant. The round fleshy oak- 
^ oiii leaves and the brilliant red 
»PP!“ ' ,,,i, Ill's pincushions on roses are 
examples. Sometimes the gall’s 
is eminently adaptive— for the needs 


fe^o-pasneT on sweet-gum trees you 
" n find eaih consisting of a central chamber 

, u,r O rsf 


grub, connected by a system of 

riub^nni known how the insect forces these 
ttonderful transformations on the phint- 
usstirs wlK'ilu'r by substances injected with 
or bv some stimulus emanating from 
the Ln'iil). If we could but discover their 
isccirt, wr ^lH)uld be another big step for- 
jiiaid lowaids the control of growth-processes. 

And plants may parasitize plants. One 
„t thr most interesting as well as economically 
important of plant parasites is the fungus 
known as rust of wheat. We will speak of 
Miiiir of tlie rusts in a later chapter. A strange 
I cast' IS that of the flowering plant Rafllesia, 

I a naliv(‘ of Malaya, This lives the whole . 
, oi its growth-period within another plant. 

! It has lost every vd|etative organ which its 
jancrstois po.sscssed. Its host provides roots 
' and root-hairs for anchorage and for sucking 
: water and salts from the soil, leaves and 
diloiophyll for tapping carbon from the air, 
haik foi protection, wood for support, and 
all the 11 IK roscopic pipes for transportation ; 
and so R.ilHesia has need of none of these 
things and has come to consist merely of a 
tangled web of white filaments, very like 
i iliosc of most fungi, penetrating the host 
I in every direction. All it has to do is to 
pnnidi’ an absorptive surface ; its host does 
the rest. However, the host-plant cannot 
very well provide for its parasite’s repro- 
duction ; and so when the time comes, this 
! degenerate mass of microscopic fibres gathers 
itselt together here and there, breaks out to 
the extei ior, and there grows out into blooms 
elaboi ate and finished as those of any sclf- 
supporiing plant. Indeed, in one respect 
diey oii((i() all others t for Ra£lesia arnoldsii 
from Sumatra holds the world’s record for 
flower-si /,e, its blossoms sometimes exceeding 
^ y^^rd in diameter and weighing up to 
twenty. five pounds apiece. 

dhis IS a close parallel with the animal 
parasiU' Sacculina (Fig. 82), which at an 
!^t‘ly stage of its career is altogether inside 
tts host, and consists wholly of a network of 


absorbing rootlets ; and only later, for the 
purpose of reproduction, bursts through to 
the exterior and organizes a body with a 
definite anatomy. 

It is worth ‘emphasizing that parasitism 
and independence grade imperceptibly into 
each other. In the matter of food all 
animals are exploiters, either of other animals 
or of plants. Usually, however, the exploita- 
tion involves an elaboration of structure 
rather than a degeneration : one need 
but think of carnivore lion or herbivore 
horse or the beautiful sifting machine^ of 
mussel or oyster. Some small caterpillars 
cat their way through the interior of fruits 
or stems or leaves. We do not generally 
consider them parasites for that : they are 
internal herbivores. But internal carnivores 
also exist, and in all degrees. Lampreys bore 
holes into the living bodies of their victims, 
and their relatives the hagfish may eat their 
way right inside. Miss Worthington writes 
that on the Pacific coast of America many of 
the fish caught on night-lines are found to 
“ have been entirely eaten away, nothing 
but the skin and bones being left. The hag- 
fish has bored inside the skin and eaten all 
the soft parts, and is sometimes caught in the 
very act of wriggling away at the close of its 
meal.” Up to three or four may be found 
eating out a single fish. Such animals 
penetrate their victims only temporarily, 
but from this condition to the continuous 
internal carnivorousness of ichneumon-grubs 
is not a large step. 

Among green plants, the same sort of 
series may be traced. Even within a single 
tribe of the family Scrophulariaceac all 
gradations from independence to obligatory 
and complete parasitism occur. Many of 
them are always respectable green plants, 
independently manufacturing their nourish- 
ment out of air, water and soil-salts. The 
yellow rattles (Rhinanthus) have their feet 
on the first rung of the descending ladder : 
they can grow and reproduce in inde- 
pendence, but they often tap the roots of 
other plants with their own ; and the pretty 
little eye-bright Euphrasia, which no one 
wouW take for a subterranean vampire, 
behaves in the same way. The cow-wheats 
(Melampyrum), on the other hand, though 
they can germinate in isolation, die later 
unless they can parasitize their neighbours. 
Special side-roots are developed which, if 
they touch the root of another plant, grow 
round it, penetrate it here and there, and 
establish direct connexion between their own 
water-conducting tissue and that of their 
host. By this means a single plant of cow- 
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wheat may simultaneously tap the roots of 
several hosts belonging to different species. 

Even here, however, the parasitism, though 
obligatory, is only partial, since the plants 
still possess green leaves and manufacture 
their own carbohydrates. The mistletoe is 
in a similar category. The mountain-plant 
Tozzia is a rung lower. It germinates below- 
ground and for several years lives as a mere 
subterranean stem, entirely parasitic on 
other plants. Then it sends up a flowering 
shoot with pale-green leaves, poor in chloro- 
phyll but still capable of making some con- 
tribudon to its nourishment, and lives the 
brief rest of its life as a partial parasite. 
Finally, in the toothworts parasitism has 
become complete. They never produce any 
chlorophyll at all ; they draw nourishment 
from other plants all their life long, pene- 
trating right to the woody pipes of their hosts 
with special sucker-organs ; and their seeds 
seem incapable even of germinating unless 
they happen to lie against the right kind of 
root. The broomrapes have independently 
evolved into equally complete parasites. 

These are all one-sided arrangements. 
Now take the opposite category, true partner- 
ship or symbiosis, in which the partners 
benefit mutually from their association. In 
the most extreme cases neither can exist 
without the other. We have already men- 
tioned what is perhaps the most remarkable 
of these — the partnership between fungus and 
alga which has given the world the whole 
new group of compound organisms, the 
lichens, and enabled plants to push farther 
into the barren places of the earth than they 
could ever have done otherwise (page 176). 
The most important of such partnerships to 
us is that between leguminous plants and 
certain kinds of bacteria. Already in Roman 
times legumes like lupin and vetch were 
grown to enrich exhausted soils. We know 
now why the soil is thus enriched. If you 
pull up a plant of this sort, you find irregular 
swellings on its roots ; and these swellings 
are inhabited by countless millions of 
bacteria. These bacteria have the power, 
denied to higher plants, of seizing and using 
free nitrogen from the air. They can db this 
to a limited extent when living on their own 
in the soil. But their nitrogen-fixing capacity 
is enormously multiplied when they are 
living with their big leguminous allies. 
These supply an abundance of carbohydrate 
materials ; the bacteria obtain energy by 
breaking these down to simpler substances, 
and use this energy to conquer the chemical 
inertness of the atmospheric nitrogen. The 
green plant is good at fixing carbon, the 
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Dactenum at nxing mtrogen ; in ,h. . 
ship the two advantages are pooled ^ 
Knowledge of these facts is of eomidcraW 
practical importance. To get lunj', 
lucerne to grow well -on new soil ^ 
nitrogen bacteria, either they or’ thT '"i 
must be inoculated with the hacter 
Large areas of barren sandy huids in 
Prussia have thus been reclaimed throupK 
lupins ; and a new method of inoculaiine 
lucerne, with its microscopic partner is now 
proving of great value in extending the area 
of that useful forage crop through various 
regions of Britain where it was hitherto not 
grown. 


Another important symbiosis is that be- 
tween termites, the so-called “white anis’' 
of warm countries, and the bizarre micro- 
scopic flagellates which crowd their intestines. 
The flagellates can do what the termites, 
like ourselves, are helpless to achievc-the\ 
can break down cellulose and even wood 
into digestible substances. By exposing the 
termites to high temperature and by othfi 
methods, such as treatment with oxygen 
under pressure, the protozoa can be lulled 
without damaging their partners. But ter- 
mites thus deprived of their internal flocks 
and herds are powerless to digest llieii 
ordinary diet : abundant wood is now as 
useless to them as a bai*e table would be to 
us, and, although they go on eating, the 
chewed wood is passed out unchanged and 
they perish of starvation as surely. 

The termite with its powerful jaw\s provides 
the raw food-material for the joint household 
partnership, and also the protected kitchen 
for its due preparation. The flagellates alone 
can achieve the culinary transformations 
there, and digest for both. As a result, the 
tcrmite-flagcllate partnership is the great 
scavenger of the tropics, before whose 
attacks leaves, twigs, and the fallen trunks oi 
great forest trees melt and are destroyed, 
and their substance brought back into the 
vital circulation far quicker than by the 
ordinary processes of slow decay. As tur- 
ther result, however, white ants are among 
the most inveterate destroyers of housp and 
furniture, books and papers, in low latitudes^ 
If the alga-fungus partnership has extende 
the range of humble plant-life in the arcjic; 
that of termite and flagellate is hindering 
the spread of human civilization in 
tropics. 

Then a great many animals are grcc*'’ 
owing |o the presence of single-celled green 
algse wiJhin their tissues. Among these 
many of the beautiful Radiolaria tliat noa 
in the sea, the green Hydra, and the 
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of u-ef-fortning corals. The animal 
”tTb^ uulizing some of the carbohydrates 
’^“1,1 liv' the algas chlorophyll, and 
iired not trouble to find so much 
‘'T and the alga profits by utilizing some 
nh’e nit.ogen which the aiiimal is con- 
^ Av niv ine off in its excretions, for there 

“““Sst habitats a shortage of available 
ien, and an alga within an ammal finds 
Li exceptionally favourable situation 
Us this element. We have seen that 
*L chief reason why reef-buildmg corals 
' ot live save in a narrow surface layer of 
^^ter is that they starve at greater depth, 
'ince their algal partners need light to make 
Ilicir carbohydrate contribution to the 

nartnersbip- _ , , 

^ Duruig the last fifteen years, Buchner has 
been making a systematic study of symbiosis 
between animals and plants, and has dis- 
covered many interesting facts. Partnerships 
between animals and green a\gx are confined 
iwith the one exception of the sloths) to 
transparent and water-living creatures, for 
only here can the food-producing activities 
of the green cells be turned to advantage. 

We find them in protozoa, sponges, corals, 
.ind other coelenterates, flatworms, wheel- 
animalcules and possibly in a few pelagic 
snails. 

When the plant-partners arc algae, they 
help in food-manufacture ; when they arc 
fungi or bacteria, they help in food-utiliza- 
tion. All arthropods that suck plant juices 
have such partners — plant-lice, scalc-insccts, 
pl.mt-bugs, cicadas and the rest. So do all 
tliose that suck the blood of vertebrates — 
lice, bed-bugs, ticks, mites, tsetse-flies, prob- 
ably iiiobCjuitoes and fleas, with leeches too ; 
hut their relatives that suck invertebrate 
blood have none ; apparently the colourless 
plant-partners help in breaking down that 
typical vertebrate structure, the red-blood 
corpuscle. 

Hair- and horn-eaters like the bird-lice 
are also dependent upon symbiotic partners ; 
and so are all the wood-eating animals and 
those whose diet is very rich in cellulose. 
Many Ijeetles and beetle-larvae, termites 
(though here the partner is a protozoan), 
ants, wood-wasps and gaill-midges, ruminant 
and rodent mammals, and certain birds all 
lall into this category. In these cases, the 
partner-plants help to make an unusual type 
of food digestible. Where animal food is the 
staple, we find no bacterial or fungal part- 
ners. All cockroaches too ^rc really partner- 
ship«, though in this case we do not know 
exactly what r 61 e the intestinal bacteria 
play. 


Finally, partner-bacteria may play quite a 
different r 61 e — they may be used to generate 
phosphorescence. Many animals shine with 
their own light, but there are a number- 
most of the luminous cutde-fish, all the 
brilliant Salps and Pyrosomes among the sea- 
sejuirts, and a few fishes — which culdvate 
luminous bacteria in special pockets evolved 
for the purpose. Symbiosis is thus not a 
haphazard occurrence. It has its rules and 
its meaning ; each kind of partnership 
between an animal and a plant is helpful 
in a particular way of life. 

A partnership less essential and less inti- 
mate, although no less interesting, is that 
between a common species of hermit-crab, 
Eupagurus bernhardi^ and a sea-anemone. The 
mMlusc-shell inhabited by the crab is 
always covered by a pink sea-anemone of the 
genus Adamsia. When the crab has grown 
loo big for its house, and must change into 
another, it carefully detaches its partner and 
fixes it on the new shell. The hermit-crab 
with very little trouble and expense obtains 
a defence-force in the shape of the anemone s 
white stinging threads or acontia, covered 
with batteries of poisonous nettle-cclls, which 
it shoots out when alarmed through little 
port-holes provided for the purpose in its 
flanks. The anemone gains transport and 
crumbs from the crab’s table, as its active 
jaws break up a piece of carrion. The 
anemone’s sole adaptation to a life of partner- 
ship seems to be its readiness to be detached 
by the crab, whereas to any other detaching 
force it offers the greatest resistance. Other 
crabs live with evil-tasting sponges ; or 
carry sea-anemones in their claws as living 
knuckle-dusters. 

From such examples one would imagine 
that symbiosis and parasitism were clear-cut 
biological categories. But consider a few 
others. 

The common ling, or Scotch heather, 
Calluna vulgaris^ is one of those numerous 
plants which have entered into partnership 
with a fungus. It is a real dual organism, 
like a lichen ; the fungus extends its web of 
filaments right through the plant, most 
abundant in the cells of the roots, but 
reaching through stem and leaves and wn 
into the ovaries. As the seed ripe^, ma- 
ments extend on to its coat ; and when it is 
shed and begins to sprout, these penetrate 
the living cells of the root. They secrete a 
ferment which dissolves cellulose ; and by 
means of this, the filament spreads from cell 
to cell. After a short time nearly every 
cell of the root’s outer layers contains a coil 
of this microscopic living thread ; and thence 
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it spreads up the stem. Finally, it bursts out 
on to the outside of the root, there to form 
a microscopic feltwork, and also, though in 
less quantity, on to the outside of the leaves. 
So far this looks like a case of parasitism. But, 
surprisingly enough, it has been proved 
that the fungus feltwork round the roots is 
necessary for the life of the ling. If heather 
seeds are sterilized, so as to rid them of all 
traces of the fungus, and then sown, they 
begin to germinate ; but, though stem and a 
few leaves at first grow normally, nothing 
of the root-system is fonned save a few feeble 
stumps, and the rootless seedlings soon die. 
The fungus, on the other hand, can grow 
apart from its larger partner ; and when thus 
isolated, it has been proved to have the 
power of fixing nitrogen from the air. 
Moreover, it has been shown by Rayner that 
the heather-fungus partnership — ^in other 
words, fungus-infected seeds — could germin- 
ate and grow quite well in spite of the absence 
of all nitrogen supplies, organic or inorganic, 
showing that the fungus was obtaining the 
necessary supplies of nitrogen from the 
atmosphere while in double harness just as 
well as when on its own. 

Here, one might now suppose, is a perfect 
case of mutual benefit. The fungus receives 
carbohydrates made by the chlorophyll- 
machinery of the heather, the heather 
appropriates some of the nitrogen made 
availaole by the peculiar and specialized 
chemical activity of the fungus ; and so long 
and close has been the partnership that the 
heather is now entirely dependent upon the 
fungus, and even needs its presence as a 
formative stimulus to its normal develop- 
ment. 

But it is only in certain conditions that the 
partnership works thus smoothly and with 
mutual benefit. We have seen that heather 
seedlings grown without any fungus will come 
to nothing. But even if they are inoculated 
with some of the fungus, the partnership is 
only successful when they are supplied with 
litde or no nitrogen salts. If more nitrogen 
is provided, the fungus grows too vigorously. 
It takes the upper hand, becomes a parasite 
instead of a partner, and kills the heather 
seedling. Through some subtle chemistry 
we do not yet understand, the balance is 
tilted, the regime of mutual help is destroyed 
and gives place to a regime of exploitation. 
Ling will only grow in certain kinds of soil. 
Possibly this is due in part to similar upsets 
of the precarious partnership. 

Nothing could better illustrate the precar- 
iousness of life’s adjustments. The phrase 
“ hostile symbiosis ” has been used to describe 
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the state of our own tissues-^all of 
parentage, all thriving best wlv n 
for the common good, and yet ra. 1 
take advantage of the rest, slmuld onnnr 
tumty offer. There is a proroiuid 
embodied m the phrase. Every symbiosir 
in its degree underlain by hostilitx' and onf 
by proper regulation and often elaboraJ 
adjustment can the state of mutual benefit 
be maintained. Even in hunuu^ affairs 
partnerships for mutual benefit ai e not so 
easily kept up, in spite of men bring 
dowed with intelligence and so bciu^r able to 
grasp the meaning of such a relation. Bui 
in lower organisms, there is no such com- 
prehension to help keep the relationship 
going. Mutual partnerships arc adaptations 
as blindly entered into and as unrouiKiously 
brought about as any others. I’iiey work bv 
virtue of complicated physical and chemical 
adjustments between the two partners and 
between the whole partnership and its envir- 
onment ; alter the adjustment, and the 
partnership may dissolve, as blindly and 
automatically as it was entered iiUo. 

In Calluna, beneficial symbiosis may jiass 
over to true parasitism. Other partnerships 
partake of both qualities simultain'ously. 
Take for example the little flatwonri Cotivolutd 
roscqffensisy whose partnership with a siniile- 
celled green alga has been so gr.iphically 
described by Keeble in his Planl-Ammab. 
This all but microscopic worm-alga jiarinci- 
ship is so abundant in some regions, as at 
Roscoff in Brittany, that it colours the sand 
green over patches many yards in extent, 
its hordes coming up with the inflowing of 
the tide and burrowing below the surface, 
out of reach of the pounding waves, as the 
beach is covered. Over two thousand mil- 
lion worrnlets may exist in each square yard 
of such a patch. Gonvoluta, unlike the 
heather and the fungi of the most specialized 
kinds of lichen, does not take steps to carry 
over a supply of its microscopic partner in 
reproduction ; its eggs are colourless, free 
of algae. But the algdi partner is abundant 
as a free-living creature in the environments 
where Gonvoluta is found ; and every egg 
is soon surrounded by a litde band of these 
green flagellates, attracted in all probability 
by the nitrogenous substances it gives oft 
as waste. The egg develops into a larva, 
which one day swallows one or two ol the 
green free-living cells. These multiply m its 
body and produce the large quantity ol gT'ceu 
tissue. 4^ worm kept uninfected in stcnle 
water not*6nly remains colourless but fails 
to mrow and aner a short time dies. 

The adult Gonvoluta thus contains a whole 
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. i„ .. These find thomelves in a 
i'll .blc situation for growth, since 
'‘'n ,u) the animal’s waste nitrogen 
K'il out into the sea ; and Con- 

'ttt bv iis pwiodic migration to the surface 
.iIp 'll ' V into the best conditions of light 
carbon dioxide. The worm, 
,„hn iiand, draws on its partners for 
While it is growing, it still eats in 
imal fashion, but once it is full- 

" ‘ , i, „„ longer uses its mouth, but 
'Irishes .(self entirely by digesting away 
il,r surplus of its green cells. So we have 
ho sir-iiifi'- spectacle of a worm that grows 
„.,,fi;ii)les rvilhin its own flesh. 

Vs tlif worms grow old, they mate and lay 
riicii somehow the balance is upset 
,„(1 ,1,,. sshole internal population oi algs 
Miiircstfil ; and when this has been accom- 
iilisiiod, the Convoluta must die of starvation, 
li.KC it is mrapablc of finding food for itself. 
l,M-i\ woim of these millions on the beach, 
if It ot.iiK’s a more violent end, is destined 
K, st.iivt, as a result of this incontinence of 


iu own .ippctite. 

Diirini; most of each worm's lifetime, the 
pdriiunslui) is a symbiosis ; for both worm 
and nlc^ra benefit ; but in its old age the part- 
iiciship rlnmges its character and the worm 
in conics a parasite, or rather a straightfor- 
uaid hnbivore, destroys its plant-partners, 
.iiid Willi iliem both the partnership and itself. 
Fiom the point of view of the race of alga^, the 
pdiincishij) is never a symbiosis, since every 
alira wiihin the body of the worm is in the 
loii^^ run (loomed to destruction ; the alga* 
aic lined into slavery by the chemical bait 
dandled Ix’forc their nitrogen-hunger, and 
are (uu d for only to be dcstnjyed. The 
leliMon IS like that between man and some 
anitnnl which he would take into captivity 
only to fniten and kill, leaving the supply to 
tie reiK w ed by natural reproduction. Some 
buds ol’ oyster-culture approach this, al- 
tHoujbh man here usually in some degree 
(ontrols ilic reproduction of the subordinate 
partner ; and luckily |fian is not inexorably 
[led to dependence upon oysters as Convoluta 
ii' to depf’Tidence upon its algse. 

1 hen both symbiosis and parasitism grade 
impe rceptibly into more casual relation- 
I'hc termite and its flagellate are 
indissolubly tied together — neither can live 
'dthout the other. Ling cannot live in 
nature without its fungus ; but the fungus 
can livo without the ling. In many lichens 
^^th partners can exist separately, but they 
cannot grow under anything like such a 
of conditions as can the partnership 
of botl) togethci:,r In other cases the relation 
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is less obligatory. Almost all the familiar 
forest-trees of the temperate zone normally 
possess fungus in and on their roots like ling ; 
such root-fungus is called mycorrhiza. Often 
the infected roots are covered with a visible 
feltwork of fungus, and this growth may be 
different from the normal. No root-hairs 
arc formed when the mycorrhiza is present, 
the fungus threads apparently taking their 
place. The fungus is found actually inside 
many of the tree’s cells. In some cells it is 
actively alive and growing ; elsewhere it may 
die, and the tree-cells digest it. There is 
little doubt that in certain soils the proper 
development of the tree is bound up with the 
presence of the right fungus ; but in certain 
conditions the trees can grow independently, 
without assistance from their fungi. At any 
rate, they are not, as species, inevitably tied 
down to the partnership. 

The fungus-partners of many forest-trees 
lead a double life. Like so many fungi, they 
•spend most of their existence as a mycelium, 
a thready feltwork of tiny white threads, 
penetrating the rich soil in all directions. If 
the threads continue their independent life, 
they eventually throw up a large toadstool 
to disseminate, the race by means of spores. 
But if they chance to meet a tree-root, they 
find in it a habitat which is equally pro- 
pitious but quite dilTcrent. They change 
their whole mode of growth. The invasion 
of the very cells of the root at once suggests 
that the fungus is a parasite on the tree ; 
but the digestion of a certain proportion of 
the fungus equally suggests that the tree has 
lured (metaphorically speaking, be it well 
understood) the fungus within itself to enslave 
and exploit it, as Convoluta enslaves and 
exploits its algte. 

Our simple human categories of exploita- 
tion and mutual benefit, although useful, 
are artificial, and break down when con- 
fronted with the complex and inhunian, 
or at least non-human, realities of other life. 
Fungus and tree-root penetrate where they 
can and increase their substance blindly at 
the expense of whatever material they find ; 
selection secs to it that beneficial variatmns 
are appropriated as they turn up. The 
fungus invades, the root resists ; there is a 
balance between the invasion and the 
defence ; there are some advantages on ^th 
sides, but damage on both sides also. Ihe 
advantages reaped by cither of the com- 
petitor-partners may cancel out its losses, 
and the net result be nil ; or one may 
achieve a net benefit and to a certain 
degree exploit the other ; or adjustment 
may be made so that in both the benefit 
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outweighs the damage, and thus a true 
symbiosis arises. 

We have seen that parasitism grades into 
the mutual dependence of symbiosis. It also 
grades into independence ^ — in animals gen- 
erally the independence of the carnivore or 
the scavenger, in plants that of the green 
plant or the chemically scavenging fungus. 
It has usually been customary to call any 
organism a parasite which both lives on or 
in another and lives at its expense ; but by 
so doing, we lump together a number of 
really quite distinct ways of life. Whatever 
our definition of parasitism, it is clear that 
such forms as a tapeworm, a Sacculina, 
or a Rafflesia must be called parasites. 
They not only live at the expense of other 
organisms, but in so doing have sacrificed 
their own independence of life and lost the 
organs by which it was once achieved — 
the animals their limbs and stomach and 
sense-organs, the plant its leaves and stem 
and roots, and even its very greenness. 

But what of the bird-lice or Mallophaga, 
which find shelter under the plumage of 
birds and only live by scavenging the debris 
of the feathers ? What of the ichneumon- 
grubs that eat out the inside of their cater- 
pillar-host and could just as well be called 
internal carnivores as parasites ? Is there 
enough difference between the habits of a 
flea and a mosquito to justify us in calling 
one a parasite, the other not ? What 
about the Remora or sucker-fish which ob- 
tains free transport from sharks and turtles 
and other large sea-beasts by clinging to 
them with the sucker on its head, but takes 
no food from them ; or the gall-forming 
crab Haplocarcinus, which robs the corals 
among which it lives of no nourishment, but 
by the irritation of its presence distorts the 
growing tip of a coral branch into a bulbous 
protective case for itself ? What of the little 
crustacean which inhabits the hollow interior 
of the barrel-shaped Salps, and scoops up its 
host’s food as it is being slowly propelled 
by cilia along the food-groove inside its 
pharynx ? What of the cuckoo, which lives 
at the expense of other birds when it is young, 
but then fends for itself ? 

The truth is that animals or plants can no 
more live in “ splendid isolation ” than can 
nations. Every organism is part of a net- 
work of relationships, biologically tied to a 
host of others. There are relationships 
concerned with feeding, with shelter and 
protection, with support, with reproduction, 

' The independence of animals and fungi is a relative 
independence only ; they are in the long run dependent 
on green plants. See Chap. 5. 
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sometimes with such minor mattm , , 
and recreation. Within evcr>’ son 
tiomhip one party may not only com?7 
exploit the other, but to exploit it in 
way that it loses some of its own independ? ^ 
and bMomes, in the biological sense, dew "? 
ate Or the parties may co.ne to J 
each other. But all relations of any intim ' 
acy, between lower organisms as between m™ 
and women, are precarious, supported as it 
were, on a knife-edge. They may so readilv^ 
oyer-balance and change into somethin.’ 
different and even opposite. ^ 


§2 

The Scale of Living Things 

In the preceding chapters we have set out 
something of the diversity of plans of structure 
and ways of existence. Life’s purely quanti- 
tative diversity is no less striking. 

It may interest the reader to give a briel 
scale of sizes. The biggest plants are nearly 
ten times bigger than the biggest animals, 
The biggest animals are whales, some ol 
which must run to well over a hundred 
tons, possibly over a hundred and fifty; 
contrary to popular belief, the biggest cxtinci 
reptiles weighed only some fifty tons, or abou 
a third as much as the giants among thcsi 
biggest mammals. These giant reptiles wen 
undoubtedly serni-aquatic ; and watei- 
animals can reach much greater weights than 
land-animals. Of land-animals, some e.\tinct 
forms exceeded ten tons, but among thobe 
alive to-day, six or seven tons is the maxi- 
mum. 

All these are vertebrates. The biggest 
invertebrates are molluscs, some of the giant 
squids reaching two or three tons. Ihe 
coelenterates, startlingly enough, come next ; 
a jelly-fish from arctic seas may weigh about 
half a ton. This group is followed at some 
distance by the arthropods, with giant spider- 
crabs of perhaps fifty or sixty pounds. 
Among groups which exceed two pounds, 
but fall short of ten,, are snails, lamp-shells, 
echinoderms and also — a surprise to most 
people — earthworms and polyps. Perhaps, 
too, the largest tapeworms, with their huge 
lengths of seventy feet and more, just reach a 
kilogram. ^ . 

Far below come insects and spiders, whicn 
never weigh more than two or three ounces. 
Most of them are much smaller. Even ants 
half an inch long arc well below a gram nj 
weight. The biggest ant-colonics have abou 
a milliiSfi inhabitants ; all this population 
together weighs no more than a large 
As for fleas, three average fleas go ^ 
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if bought an ounce of 
rf vou xNoiild have the pleasure of receiv- 
over eighty thousand of them. Even the 
"fd queen hivc-bee weighs much less than 
gram, und the workers only about one- 
. rnth of n gram-two hundred to the 
mice. (A“ ^ grams.) 

.\t the bottom are the rotifers, whose 
ri“aicst giants fail to turn the scale at ten 
lligrams. The smallest many-celled 
niinals are male rotifers, some of which 
righ considerably less than one-millionth 
I' a gram, so that it would take over a 
musand to outweigh a single one of our 

lusrlc-fibres. ^ . 

On the whole, the lower limit of size among 
1 C various groups is a good deal more con- 
ant than the upper. It is interesting to 
fid that here again the limit for vertebrates 
fir above that for any other group. There 
clearly a limit set to a many-celled animal 
the number of cells out of which it is con- 
riictcd ; the smallest worm must have 
veral thousand cells to build its organiza- 
in But it seems to be impossible, or un- 
ofitable, to build a vertebrate out of less 
an several million cells. 

j The small scale on which such a com- 
1 plicated beast as an insect can be constructed 
IS amazing. I'here are insects, complete 
wiih rompound eyes, three pairs of jointed 
legs, wings, striated muscles, brain and 
nervous system and all the rest, which weigh 
less than the human ovum, and much less 
e\’en tli.m the nucleus of some large protozoa ! 
A list o( animals in order of weight would be 
lull ol surprises for most readers — a polyp 
-IS tall as a sheep, a frog as big as a terrier, 

<1 snail that lays eggs as big as a sparrow’s. 
Hut we must leave mere curiosities on one 
side, and sec whether we can find any thread 
^>1^ principle running through the tangled 
bets. 

In previous books we have discovered some 
01 the reasons which limit the size of different 
f^oups. Insects, as we have seen, arc kept 
finy by the fact that they breathe by branch- 
ing air-tubes, not by lungs. Birds that fly 
t’annoi go above a certain moderate size for 
‘Aerodynamic reasons ; ostriches and moas 
*now that birds can grow big if they sacrifice 
jueir Wings. (Angels, by the way, are a bio- 
ngical impossibility. To obtain the motive 
nrce for flapping his wings, a normal-sized 
Would have to have a breast-bone and 
i'east muscles projecting four feet from the 
I'ont ol his chest.) Landr vertebrates are 
mited by their leg-bones. The supporting 
of a pillar of bone is proportional to its 
ross-section. A little thought will show that 


the weight of an animal’s bones will have to 
go up faster than its total weight if its limbs 
are to continue to support it. The bones of 
Swift’s Brobdingnagians would have snapped 
under their weight if they had been mere 
enlarged scale-models of normal men and 
women. And there is clearly a limit to the 
ainount of mere supporting material which 
living muscle and blood can economically 
move and nourish. In water, however, 
almost all an animal’s weight disappears ; 
bones arc needed as scaffolds and levers, no 
longer as supports. And so water- verte- 
brates can grow to a far greater size than 
can their terrestrial cousins ; their size is 
limited only by the exigencies of food-supply 
and digestion. 

Crustaceans, though aquatic, never grow 
really big, judged by vertebrate standards. 
In this case it is the habit of moulting which 
seems to be responsible. For, if you are a 
lobster or a crab, the bigger you grow, the 
longer it lakes to produce an adequate new 
outfit of armour ; a crab as big as a cow 
would have to spend most of its life in the 
retirement of the moult, hardening its 
hundredweight of shell before it could 
venture out and feed again. 

Far down the scale, all creatures that move 
by cilia are kept extremely small. Not only 
can these hair-likc rudiments of limbs never 
be more than microscopic themselves, but 
they are confined to the animal’s surface, 
and cannot be massed in solid three- 
dimensional organs like muscles. 

When ciliary-swimming marine larvae 
seek to lake advantage of the rich food at the 
sea’s surface to grow to a larger bulk than 
usual before transforming into bottom-living 
creatures, they have to increase their cilia- 
carrying surface. In sea-urchin larvae, this 
surface is a band of tissue bearing especially 
large cilia, which is braided, as it were, over 
the creature’s protruding arms. In this case 
new surface is provided to cope with increas- 
ing size by growing new arms. In sea- 
cucumber larvae there is a similar band of 
cilia, but they have no arms. And in these 
increase of total bulk is accompanied by the 
throwing of the band into lappets and folds, 
often of extraordinary complexity. 

The limit to the employpient of cilia 
comes in creatures only a few millimetres 
long, like young tadpoles. When these arc 
first hatched out they have not yet the use 
of their muscles, but arc covered all over 
with cilia. By the aid of these they can 
glide very slowly over the bottom, but 
are completely incapable of swimming, or 
of any rapid movement. (The speed of 
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/iw«^ things. All the organism are drawn on a uniform scale, (i) Largest hioivn cmml 
{^^plmr-bottorn whale), with man, dog. and giraffe superposed; (2) Tyrannosaur ; (3) Dipkdmr> 

{Pteranodon) ; (5) Largest flying bird {albatross) ; (6) Largest extinct bird , 

\ extinct snake ; (10) Length of largest tapeworm found in man; (n) Shetp^ 

crocodile); (13) Urgest living lizard {^^ Komodo dragon''):^ 
jMf/wc; ^r</; {\^) Lar^st single polyp {Branchiocerianthus); {i^) Largest jellyfish {Cyanea) ; [q) 
i, > (*9) l^rge tarpon; (20) Largest crustacean {Japanese sp^drr-mh,, 

i ^^S^'^^,f^^’forpion {Euryptertd) ; (23) Largest , fish {whale-shark); {q) 

Junper {Rajflesia) ; (25) Largest mollusc {deep-water squid, Architeuthis) ; (26) Bottom 105 feet of largest organic 
{Big Tree), with 100 foot larch superposed. 
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Fig, 254. The sizes of organisms, 

H) \!idutm-\rj'(i (reatures. Nos. 3 and 8 are the same as time shown on Fig 233, Nos. 8 and 15. The dog can 
l/i urn at the bottom ri^ht-hand corner of Fig. 25^. (i) Tog; (2) Song-thrush with egg; {'f) rhn with egg; 

^ Smallest biul (humming-bird) with egg ; (r,) Largest egg {Aepyornis) ; (( 3 ) Largest Uick-insect ; [y) House-muse ; 
ipH Lau’esi polyp (Ihanchiocerianthus) ; (9) Qtieen-bee ; (10) Largest beetle [Goliath beetle) ; (i i) Common cockroach; 
n> Linint iwg [Goliath frog) ; (13) Common grass-frog ; (14) Smallest vertebrate [a trofncal frog) ; [\f) Lommon 
/iiniiii; , (i()^ Lnre^esl land-snail [Achatina) with egg; (17) Common snail; (18) Smallest mammal [flying shrew) ; 
[\^\Hinmhand; (20) Largest starfish [Lmdia) ; (21) Largest free-moving protozoan [Nummulite : extinct). 


cili.iled iinimals under the microscope is 
appauMit only ; the instrument magnifies 
ihcir sp(‘(‘(l as well as their dimensions.) 

So it coinos about that no free-swimming 
ciliai ' can grow heavier than about a 
milliiri am . Sedentary creatures that use cilia 
for feeding can grow much larger. The 
limit coin(‘s with Tridacna, the giant clam ; 
but very few reach a pound weight. 

Etficieiuy of circulatory, supporting, 
digestive and excretory organs — all are 
needed for any great size to be attained. 
Hatworms, with their lack of blood, can 
only grow more than microscopic by 
spreading out flat like a leaf ; and even 
then their size depends on the degree to 
which their type of gut can be made to 
branch. 

Then we must remember some curious 
J'^secjncnces of smallness and bigness. 

very smallest living things are so tiny 
mat they are not out of the range of influence 
men* molecules. Even if you are down 
a hate ten- thousandth of an inch across, 
J^ntany molecules are hitting you that the 
bombardment is equal on all sides. But 


reduce your bulk a hundred times further, 
and the rush of molecules may impinge with 
varying intensity, now on one side, now on 
the other, and what to all bigger creatures 
becomes mere uniform pressure keeps the 
tiny particle all its life long in incessant 
jerky motion. Filter-passers are so small 
that they no longer sink in water ; the force 
of gravity has become negligible compared 
with the molecular bombardment. 

Many units up the scale, we come on a 
very different consequence of relatively 
small size. Have you ever seen an insect 
drinking? Probably not. Insects do not 
drink, or at least they do not drink like 
larger creatures, by going down to a pool 
and lapping up the water. And yet they 
may be thirsty ; butterflies may not infre- 
quently be seen settled in crowds on damp 
ground, sucking moisture through their 
trunks. The reason for this in all proba- 
bility lies in their small size. They cannot 
drink from open water surfaces ; they 
seek a film on solid particles. They are 
most of them so small that the surface- 
tension inherent in the surface-film of water 

365 



BOOK 6 


THE SCIENCE OF LIFE 


CH 


— that skin of molecules which is strong 
enough to support a water-skater and even a 
needle — is more powerful than they. Every- 
one has seen little moths and gnats struggling 
vainly against the grip of the surface-film ; 
and one of the recognized ways of ensuring 
a peaceful night in flea-haunted corners of 
the world is to stand naked on a tray in the 
centre of the room, let the fleas jump on to 
you, and then sluice them off with water. 
For all their jumping powers, the surface- 
tension holds them tight ; and to get away 
once they are wetted, they have to lift many 
times their own weight of water. As 
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in opening into their intesti. , • 
direct to the exterior. On, «1 

mtestine abwrbs water from tl,,- 
f^d. If this IS the case with 
they waste no water in their 011 ,,^ ’ 

But size, though it enables , 

to laugh at surface-tension, „nk« 
susceptible to the dangers of n,aviw T* 
smaller you are, the greater is the proLJJ' 
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goes up as the square of your Icncth 
as Its cube. A big African elephant’ 
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times as 
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J. B, S. Haldane puts it ; “ An insect going 
for a drink is in as great danger as a man 
leaning out over a precipice in search of 
food.’’ 

Thus to insects and spiders the dangers 
of drinking arc very real ; and most insects 
get their drink in their food, or sop it up 
from wet earth as we might suck moisture 
out of well-wetted blotting-paper, or at 
most suck at very small drops of it ; and 
then generally through a long proboscis. 
It is possible, too, that a curious fact in 
in^t anatomy is to be explained by their 
difficulty in getting drink. Their excretory 
organs arc unlike those of all other animals 
566 


I n a 
perfect 
V a c 11 uni, 
all ohject-s. 
big or 
small, 
would fall 

at the same constantly accelerated speed. 
But in nature, the resistance of the air comes 
in ; and this depends on surface cxpo.sed. 
1 he huge proportion of surface to weight in 
the average bacterial spore means that it 
falls with incredible slowness ; and even an 
average ant, though over a million times 
heavier, can hardly fall fast enough to achieve 
a real bump. A mouse can be dropped 
down a mine-shaft, however deep, and arrive 
at the bottom dazed but unhurt. A cat 
or a dog will be killed, however. A man 
will be ifet only killed but smashed ; and if 
a pit pony happens to fall over, the speed at 
the bottom is so terrific that nothing is 
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Fig, 256. The sizes of organisms, 

Di Ihf mallfst naked-eye creatures and some large microscopic animals and cells. No. i {Bursaria) is the animal 
km in Fill 2 55, No. 8 ; No. 2 is the fore-leg of the flea shown in Fig. 255, No. 6. (3) Cheese-mite ; (4) Smallest 

nmt (FJcifihis) ; ( 5 ) Smallest many-celled animal {male wheel-animalcule) ; (6) Human ovum ; (7) Human sperm ; 
81 'Ihe hell-animalcule Vorticella, a ciliate ; (9) Another ciliate [Paramecium) ; (10) Human liver-cell ; (i i) Dysentery 
ma'ba. The dotted band in the body of Bursaria [No. i) is its nucleus. It is much bigger than the smallest insect. 


hut a few of the hardest bits of its bones and 
a splash on the walls. 

Size is also important in temperature- 
rcp^ulalion, since the escape of heat is pro- 
portional to surface. For every gram of 
Us weight, a mouse as big as an elephant 
would radiate away only one per cent, as 
much heat as a normal-sized mouse. Accord- 
ingly, a small animal has to eat much more 
in proportion to its size to make up for this 
extra rate of heat-loss ; and when the 
temperature gets very low, it cannot manage 
to stoke up sufficiently. A big dog weighing 
lorty.five pounds, for instance, for each 
pound of its weight needs only about half as 
much food to keep its temperature constant 
^ docs a small dog of seven pounds. A 
ttoney-bee would need 500 times as much ; 
mat is why bees cannot be warm-blooded, 
his explains abo why small mammals and 
ttjds do not penetrate so far towards the 
as do larger ones. The smallest 
^^nidl in Spitsbergen is fox ; and there 

scarcely any humming-birds that manage 
^ exist outside the tropics or sub-tropics, 
a similar reason, ears and other pro- 


jections that increase surface are cut down to 
a minimum in cold climates ; but in hot 
countries, where the need of the warm- 
blooded animal is not to conserve but to lose 
heat, they are often much enlarged, and 
provided with many blood-vessels. This 
is so, for instance, in the African elephant ; 
when he holds his ears out from the side of 
his head, he is providing an extra fifteen 
per cent, of surface through which heat can 
be lost. 

Still another bearing of size on structure 
is to be found in paddles and wings. As we 
have seen, with very small water-creatures, 
microscopic vibratile cilia will serve. In 
moderately tiny creatures that swim with 
limbs, the limb need only be a mere stump 
fringed with hairs or spines. As the animal 
grows, the main limb itself must be flattened 
and expanded, though a border of hairs may 
continue to be of service ; and with further 
increase the limb grows more and more of a 
flat paddle, the hairs get relatively less and 
less important." The change is often made 
within the individual life-cycle of many 
Crustacea. The same applies to flight. 
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Many tiny insects fly by means of wings that 
are a mere rod fringed with hairs. The 
lovely plume-moths are a little bigger ; 
they work on the same principle, but 
multiply the hair-fringed rods. And all 
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animals. Eyes in particular alwn^s inrrp.. 
far more slowly than total bulk i ^ 
above a certain minimum size a snnli^'^ 
sees practically as well as a large unc' iT 
number of touch-organs in tl„- skin .1 
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(E) Small microscopic cells and organisms. No. i {human sperm) and No, 2 [human liver- 
cell) are the same as Fig, 256, Nos. 7 and 10. (3) Sleeping-sickness trypanosome ; (4) 

Human red blood-corpuscle, with a malaria parasite inside it ; (5) Red blood-corpuscle of 
frog, with nucleus; (6) Smallest free-living protozoan [Oikornonas) ; (7) A green flagellate 
[Euglena) ; (8) One of the largest bacteria [anthrax bacillus) ; (9) Typhoid bacillus, with 

flagella. 


«>'■ ^ki„ aL,„ 
mcreas' m u r f, 
more s!..uly tbn 
the I, I, Ik nf 
body. It maitcr, 
to a nidusc to he 
able tr, deal ^d,h 
things I he size of 

breadriiiii]l)s, but 
such Inlies (In not 
contoiii an d,.. 
phanl ; and ihp 
elephaiii aicoid- 
ingly has its touch- ! 
organs spread 
m u c li in 0 r c 
sparsely o\ei its 
surlhrc. 

In animals of 
different si/e, liui 
coinpaial)](‘ in- 
lelligenri*, brains, 
for reasons we 
need not go into, 
increase 1 ou^hl) 
in propoitioii to 
surface and not Id 
weight ; so dial 
mere percimtaite 
brain-weiglii is no 
criterion ol iiitclli- 


§ 3 

Colour and 
Pattern tn Jafe 

; j Hitherto in thi^ 

' -yiaw ynirTf Book wc luve 

' been studying tin- 

- ' adaptation a 

n' ” ' O’" j ffi k jfTK whole organisms 

' ' ' to their habitats. 

‘ It would be possi- 

iiv:’’ . : ble to embark 

IT- O T-Z • r ■ • 

rtg. 258. The sizes of organisms. rqually 

[F) The mallest organisms. All are. shown in outline. No. i [anthrax bacillus) is the interesting Study 

same as Fig. 257, No. 8 ; (2) Tubercle bacillus ; (3) Plague bacillus ; (4) Bacterium of niodifica- 

Malta fever [Mkrococcus) ; (5) A particle at the limit of microscopic vision; (6) A filter- . r *«trlei)arts 
’ passing organism. tionoising J 

^ isolated functions, 

flying creatures weighing more than a Sight or digestion, the care of young or the 

fraction of a gram must have a flat impervipus capacity^^^ of producing sound, weapons ot 

expose as their main or sole flying-organ, offence dl' organs of excretion — on any ol 

There are some curious facts about the such topics one could write an illuminating 

proportional size of parts in big and small chapter of biological history* But 




Fig. 258. The sizes of organisms, 

[F) The mallest organisms. All are shown in outline. No. i [anthrax bacillus) is the 
same as Fig. 257, No. 8 ; (2) Tubercle bacillus ; (3) Plague bacillus ; (4) Bacterium of 
Malta fever [Mkrococcus) ; (5) A particle at the limit of microscopic vision ; (6) A filter- 
’ passing organism. 
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US We will here take the sole 


- „ip of colour, that enrichment of the 

xamp' ' ■ ' 


Heal with some of the biological 
olour and colour-pattern 
And we must leave it to 


with this sample to aid them, 

L their imagination m reconstructing 
'r hicmsoK cs the richness and variety of 

■U functioning. . . i 

In this section then Our topic is colour. 

V - shall ol'ten use the word rather loosely 
jl^note ( olour and pattern combined. We 
ust also bear in mind that most animals 
If colour-blind, and that what to us is a 
jaticrn of colour to them becomes degraded 
jnere black, white, and grey ; and also 
liat most of the colours and patterns of 
^riranisms have been developed in relation 
n the eyes of other creatures, so that the 
olourings and patternings are not only 
lot understood by their possessors, but may 
non be invisible and therefore non-existent 
0 them. 

A baby ringed plover fresh from the egg, 
,^hl^h has never seen its mother, will, at 
he approach of danger, crouch and flatten 
,\iih outstretched neck. In this position it 
ifcoines almost invisible in its native environ- 
-aent of parti-coloured shingle. But it 
an not see itself or know what obliterative 
'ifcct its actions have — as is indeed further 
dcnionstiated by the fact that it will crouch 
|ust as leadily on grass or on a carpet, 
>ilihoiigh there its behaviour merely makes 
It conspicuous. The egg out of which the 
baby plover hatched was equally protected 
by its coloration in the nest, although the 
hcii'hird could neither know what colour 
hi*r fits! egg would be, nor, even if she did, 
could she influence the way the glands of her 
uviduet would blotch on their pigments. 

Some colours are, in their own right, 
iisclrss. The most familiar case is that of 
our blood. Haemoglobin happens to be so 
made that it looks red ; but the redness has 
no value qua redness — it is a consequence of 
a particular chemical composition. Once 
'here, the redness of blood may be used for 
the sake of its colour-effect, as in the comb 
and wattles of the barndoor fowl, or in our 
own cheeks and lips, or in the more 
lavish decorations of the baboon and the 
mandrill, who, as Mr. P. G. Wodehouse 
flippantly but expressively puts it, “ wear 
their club colours in the wrong place.’’ 
nut in origin it is accidental. Other colours 
^ay liave a physiological but not a biological 
meaning — the colour may help in achieving 
function of the body. The most 
‘Envious example here is the green of plants. 


They are green because of their chlorophyll ; 
and their chlorophyll is green because it 
absorbs the red and the violet parts of the 
spectrum to obtain energy for pulling the 
carbon out of carbon dioxide. There must 
be some reason why it does not absorb green 
light as well, but wc do not yet understand 
it. If it did absorb all wave-lengths, the 
prevailing colour of our landscapes would be 
not green but black ; and it is probable 
that we should have found in black the 
same qualities of freshness and restfulness 
that we now find in green. But the colour 
is green, and it has meaning in relation to 
its own chemical functions, not in relation 
to other organisms. 

The pigment of the skin in the tropical 
races of warm countries is equally physio- 
logical ; it prevents the entrance of ultra- 
violet light in the excessive and harmful 
amounts poured down by the tropical sun. 

Finally, we come to colour with biological 
function. The two prime functions here are 
either to reveal or to conceal. The former 
are usually called sematic colours, colours 
which point you out, the latter cryptic^ colours 
which hide you. In the earlier chapters of 
this Book we have talked of many concealing 
colours, especially those which harmonize 
the general tint of the animal with the general 
tint of its background (white in the arctic, 
green in the forest, sandy in the desert, blue 
on the surface of the sea, dark red or black 
in the abyss). Besides such general resem- 
blances, animals may show protective resem- 
blance to particular objects. We have the 
stick-insect, drawn out in fantastic fashion J 
the stick-caterpillars of many gcometrid 
moths, which hold themselves rigid all day 
in amazing likeness to a twig (complete with 
buds), only moving in search of food when 
the sun goes down ; the leaf-insect, which 
not only has its body transformed into the 
likeness of a green leaf, but bears little green 
leafy frills on its legs ; the famous Kallima 
butterfly, which at rest not only is coloured 
brown like a dead leaf, and shaped complete 
with stalk and pointed tip, but has mid-rib 
and veins drawn on it, and in some species 
blotches that simulate mould spots, and even 
transparent patches bare of scales to look 
like holes ; the little moths that escape 
unwelcome attention by a resemblance to a 
small bird’s white dropping ; the ^^-horsc 
whose strange garb of rags and tatteiy tnakes 
it look like a piece of the Sargasso weed 
among which U lives. 

One of the most remarkable cases is that 
of a South American species of nightjar. 
All nightjars and nighthawks arc protectively 
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coloured, they and their eggs and their 
young ; the common European species has, 
in addition, the habit of roosting crouched 
down lengthways along a branch, when its 
attitude and its mottled plumage make 
it; ^eiu one with the tree. But this South 
J^erican nightjar goes due better* It nesti 
iti hollows on the top of tree-stumps or 
fence-posts. All day it broods in this 
exposed situation, but is very rarely dis- 
covered owing to its delicately pencilled 
grey coloration and its extraordinary habit 
of sitting bolt upright with head pointed up 
in air, seeming to be only a projecting bit 
of dead wood. If you approach, it shifts 
imperceptibly round, always facing you. 
^ When the young is hatched and grows too 
big to be brooded, it too adopts this same pose, 
and lives all day in this perpetual rigidity 
until it is able to fly. A combination 
almost as striking is seen in the bitterns, 
which, when alarmed, lift their beak and 
neck vertically in air, and by always fronting 
the intruder with their striped breast, 
manage to fade into invisibility in the reed- 
beds which are their home. 

Sometimes concealment is achieved by 
colour-change. The chameleon is the most 
famous example, but his powers have been 
much exaggerated, and are surpassed by 
other animals. Many tree-frogs become 
green when on leaves, brownish-grey on a 
branch ; and in some cases at least the change 
of colour is achieved successfully even by 
blind animals. 

But the facts in lower vertebrates arc 
rather complicated, because besides appar- 
ently protective colour-changing, there are 
changes in response to such purely physical 
factors as the warmth, humidity and darkness 
of the surroundings. Put one frog in a dark 
moist jar and another in a white dry jar, 
and examine them after a couple of hours ; 
the first will be strikingly darker than the 
second. Professor Hogben, of Cape Town, 
has demonstrated very neatly that this is 
an internal secretion effect. The colour- 
change is due to the expansion or contraction 
of little black cells in the skin, and these 
movements are controlled by the amount 
of secretion which the pituitary gland at the 
base of the brain (Book i. Chap. 4, § 5) 
pours into the blood, in response to messages 
from eyes and skin. 

But nat-fish take the prize for concealment 
by change, for they can change pattern as 
well as colour. In the Plymouth Aquarium 
is a tank with two communicating compart- 
ments, one floored with fine sand, the other 
with boldly-variegated shingle ; in the 
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tank are flounders, and visii,,,. .r, • . 
to drive the animals from oiv , 
to the other and watch the r, ...it T 
sWngly half the fish are coar>c y bi!!i 
with dark brown, sandy.yelic,^v^!,nJ 
cream rbut if one thej L chased 
m to «aad,'ia fc« than five 2^?^ 
blotched pattern wiU have given 
fine-gr^ ui^mity, and the fi^ 
as good an imitatiqp of its new barlL? ^ 
as it did of its old. ^^ackground 

We must now turn our attention to pattern 
A vast number of animals arc lighter below 
than above ; this is the simplest case of a 
concealing pattern. Its use is illustrated 
by an admirable model in the Natural 
History Museum in London. In a box 
against a light-brown background, is a rough 
model of a duck, strongly illuminated from 
above. Although the duck is dark-brown 
above, and nearly white below, it blends 
wonderfully with the background, because 
the shadowed white of the belly l)ecoines of 
the same tint as the illuminated brown of the 
back. But the model has a handle attached 
to it. Turn it upside-down, and the duck 
stands out strikingly, the white made 
brilliant, the brown turned almost to black 


Essentially the same thing Is seen in nature, 
whenever a fish swirls over on to its back : 
all but invisible before, it gleams into brilliant 
conspicuousness. 

When an animal habitually lives in an 
unusual position, its shading is often 
correspondingly adjusted. There is a Nile 
cat-fish, Synodontis^ that normally swims 
upside-down. Though this habit had 
already attracted the attention of the anrieni 
Egyptians, we do not yet understand wh\ 
it has arisen ; but whatever its meaning, 
the shading of the fish has changed with it, 
and its upper side, though the belly, 
darker. Still more curious is the case of 
the crustacean Anilocra, an external para- 
site on the body of small fish. It always 
clings parallel with the fish’s body, and one 
longitudinal half of it is dark, the other light, 
to match the shading of its host. 

In animals living against an irregularly- 

patched background this irregularity is 

sometimes wonderfully simulated ; one has 
only to think of the lizards, moths, beet es 
and other insects that imitate to 
the rough and lichen-encrusted bark o 
trees on which they crawl or sit 5 
brooding woodcock whose brown 
streakgiji^ freakishly with yellow rnak^ 
almost undiscovcrable among the sim-llec 
herbage and dead grass where she nests. 

The woodcock introduces us to a n 
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. principle which underlies being dressed in the same brilliant colours 

of c. -iouflage. It is interesting that as the flower. 

fully stressed by a student of It is but fair to say that many naturalists 
'' als-'l . naturalist, and sportsmen have severely criticized the 

* book, Concealing Cakralion in the Animal whole theory of concealing coloration, and 
^ if often oycr-^^usioit^^^ while some, like Thayer, . would make all 

rUow him, for instaia^^ ;ih bAeving that coloration conceding, others would go to 
he scarlet of the flamingo Sa rf use as a the opposite extreme and deny that any 
cealment when flying agaimt a sunset colour or pattern ever concealed its possessor, 
kv !) is y^b in its way^^ a classic. He was The truth, as so often, is between the two 
[he first to realize the value of what may be extremes. Many colours do not have a 
called ruptive coloration— hold pattern which concealing but a revealing function ; many 
breaks up the form and outline of an animal others seem to have no function at all. But 
into irregular and meaningless pieces. Very one need only have been an amateur bird’s- 
conspicuous in a museum case, such animals nester or a collector of butterflies and moths 
in nature are among the best disguised, to know what protection colour may aflbrd, 
I'he same principle, in exaggerated degree, while such marvellous adaptations as those 
adopted for concealing guns, ships, and of leaf-insects or bark-beetles or weed-like 
,0 on in the War. As an anti-submarine sea-horses may be best left to speak for 
[iirasure,an interesting variation was adopted, themselves. 

Ships were painted in bold patterns, usually We now pass to our second main type of 
in black, white, and blue, so as to give, coloration — the coloration which reveals 
ihroiigli false perspective effects, a wrong idea instead of concealing. First, there arc the 
:)f their course ; and this made it much colours which help in recognition. The 
harder for the submarine to take up the most familiar is the tail of rabbits, useless for 
rorrect position for attack. For a crouching all ordinary caudal purposes, but so white 
.uiimal, {’alsification of outline is valuable ; and conspicuous that in America it has 
for a ship threatened by submarines, falsi- earned for its possessor the name of cotton- 
hcation of direction. The dappling of many tail. Its functions seem to be to act as a 
deer, the spotting of the leopard and ocelot, danger-signal and to guide others to safety. 
md the pattern of the great boas and pythons A band of rabbits is feeding as dusk begins 
mj) help in this way as well as by simulating to fall. One or two scent danger ; out 
>iiiillecks in the forest. Even the Malayan flashes the white signal and, as they run to 
iiipii may benefit by his white hinder-half. their burrows, marks the path to home. 

It IS worth mentioning that, as one would At once the rest arc on the alert ; and the 
Fxpret, all spotted forest-dwellers show light young and inexperienced run no risk of 
Hecks on a darker ground (simulating growing confused or forgetting which way 
sunfiecks), while any spots in desert-animals to run. It is sometimes argued that the 
ire i'lways dark on a lighter ground (simu- white tail is a handicap instead of an advan- 
laiiatr pebbles or local shadows against the tage, since it gives a nice mark to the sports- 
i^Iaring sand). But the most striking man. But this is unbiological. The white 
examples of ruptive coloration are afforded tail was evolved millennia before guns or 
b) bars and stripes, which cut across the even men were thought of. That it renders 
animal’s true form and take the eye from its possessors temporarily more visible to a 
outline, A familiar example is the ringed pursuing fox is no matter, provided it helps 
piover, so common on the beaches of them to disappear into burrows or brush 
Western Europe. Its black colour and head- before the enemy has caught them. 

^^npe disrupt its lines and make it blend A case where colour links parent and young 
the background in a most unexpected in a special relation is seen in the great major- 
Its American relative the killdecr ity of birds with helpless nest-fed young, 
f ^hnilar ; and in the turnstone the The inside of the young bird’s mouth is 
IS played for all it is worth, the bird almost invariably of brilliant colour, often 
the hand looking a regular harlequin, but yellow, though some, such as ravens, show 
relieving invisibility on a rocky shore. a rich crimson. As soon as the parent 

^tnouflage may be either protective returns with food, up go the skinny" necks, 
J ^ggifssive. Of aggressive disguises the and open fly the large and brilliant gapes, 
^ examples are the flower- making the destination of the food very 

^rs and flower-mantises, which frequent conspicuous. In hole-nesters, like tits or 
^ • order to prey upon the insects wrens, this may be of re^ service by pre- 
visit them, and escape notice by venting waste of food and time. But in most 
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birds we may hazard the guess that the 
adaptation is one of those which arc of no 
service to the species, though a sine qua non 
to the individuals of which the species 
is composed. Watch any small bird feeding 
its offspring ; it does not waste any time 
seeing that all take their turn, but jams 
packets of food down the throats that most 
obviously present themselves. Imagine one 
baby blackbird or robin of a brood unpro- 
vided with a yellow maw ; it would not be 
so conspicuous, and would not be fed so 
often. It would thus grow more slowly and 
(since the rule that “ unto him that hath 
shall be given” holds for birds as well as 
men) would so become still more handi- 
capped in the struggle for prominence when 
food was brought ; it would run the risk 
of being suffocated, of being the first to 
starve if there were not enough food to go 
round ; it would get a poorer start in life 
than the rest. The bright mouths of nestlings 
have been developed through competition 
between brothers and sisters ; they are 
the result of selection, not merely within the 
species but within the family circle. 

Then, oddly enough, there arc animals 
which are conspicuously coloured because 
they actually want to get eaten. A certain 
percentage of the black-caps, sparrows and 
other passerine birds that we see around us 
arc infested in their bowels with the fluke 
known to biologists as Distomum macrostomum. 
It is not a violently harmful fluke. It uses 
some of the bird’s food and slightly damages 
the lining of its intestine ; it is a nuisance 
‘rather than a danger. The birds were 
infected with the parasites when they were 
still nestlings, and we propose to note the 
manner of their infection as an example of 
what we may call appetizing coloration, 
and an illustration of Nature's impartiality. 

The flukes, when they are mature, lay 
copious eggs, after the manner of internal 

E arasites. The eggs pass out of the host 
ird with its excrement, and thus they are 
scattered over the leaves of bushes and herbs. 
Most of the eggs are wasted and come to 
nothing ; a few of them, however, have the 
good fortune to be swallowed, with part 
of the leaf on which they rest, by a snail. 
The snail, we may note, must belong to a 
particular species, Succinea putris ; in any 
other kind the eggs are digested and killed. 
But in Succinea putris they hatch out into 
microscopic, active larvae. The larva bores 
through the snail’s stomach and makes its 
way into his body tissues. There it comes to 
rest and undergoes a curious development. 
It grows enormously and becomes a shapeless 
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radiating web of Imng tissue wiUu.ut (,.• 
or eya or any of the usual mark, oflt?" 
animals. It spreads through the 
growing at his Mcpense, and iHcomr'’ 
mixed up with his tissues that it „ aiffi 
or impoMible for a dissector u, ..-na ! ‘ 
completely away. But in the front t" 
his head, it sends out special shoots’ h 
sprouts out into lolxs which grow npini„ j, 
horns and distend them, and am very rn^ 
spicuous from outside—partly brt ause thet 
are gaily coloured, with green and white 
bands and vermilion tips, and panly 
because they wriggle and pulsate aciivelv 
just under the skin of their host. I hcy are 
designed, in short, for being raion ; con. 
spicuous as they are, they catch the\-yc of 
insect-eating birds, and since tlicy disitaid 
the horn they prevent its withdiawal into 
the shell. Wherefore, sooner or later, they 
arc pecked off by the next host. Each of 
these gaily-coloured, attractive morsels is 
really a hollow bag containing hundreds 
of fluke eggs. 

Now comes a curious development. If 
the bird swallows his mouthful, the hag witli 
its contained eggs is simply digested away ; 
it comes to nothing. But if the mouthful 
is carried back to the nest and given to the 
young birds, the fluke eggs, which can resist 
the milder gastric juices of the nestlings, 
hatch and infect their new hosts. So hack 
to the beginning of the cycle again. And 
meanwhile the snail grows a new hoin, 
and the parasite within him grows a new 
protrusion into it to attract and invade 
another bird. 

The curiosity of animals is often played 
upon by man. When we bait for mackerel 
with a bit of red flannel we emulate the 


fishing-frog ; and in past decades the hunters 
of the American “ antelope ” or prong-horn 
often hired it within gunshot by gesticulating 
and behaving in other odd ways. There 
are also well-authenticated stories of small 
carnivores such as stoats or weasels playing 
strange antics and so luring inquisitive 
rabbits and other small deer within 


reach. 

But the majority of revealing colour have 
the opposite intent ; they advertise distaste- 
ful qualities and fall imder the head of wam^ 
coloration. An everyday example is afforded 
by the wasps and hornets, with their con- 
spicuous banding of black and yellow, 
black-and-yellow, too, arc the caterpilli^ 
of the „^nabar moth, which arc rejects 
incontinently by almost all birds. Ijj^ 
black-and-yellow fire-salamander is equal) 
conspicuous ; and he is equally nauseous, 



SOME SPECIAL ASPECTS OF LIFE 


„ tn ilu milky secretion of special glands 
'"h!s lidn. ^vhich is actually fatal to small 
poisonous coral snakes are 
brilliant black, white, and red ; 
,)f butterflies, which experiment 
J “sIjowii U) be rejected on account of their 
aid consistency, are 

ijaV slrm -Hying, with showy and definite 

; nuMuing of these devices is clear 
enough- Lloyd Morgan made experiments 
v^iih ciniuibar caterpillars and chicks fresh 
from tho iiirubator-drawer, which showed 
ihat ihr chicks have to learn that the cater- 
pillars arc nasty. A single lesson is often 
(•nough- The burnt child dreads the fire ; 
e\er artei wards the sight of the beast is 
siiflicicnt leminder to prevent the chick 
from trying it again. All enemies who can 
hni must be taught by experience ; and a 
ratain nnnilacr of the nauseous or noxious 
cm.iturcs are sacrificed for the good of their 
brothcis and cousins in order to educate 
thrir ciicinies. The individual dies for his 


fognalcs. 

Warning coloration cannot afford to be 
subilo or reiiiK'd. The conspicuous colours 
seivc to make the process of education as 
ras\ and lapid as possible, and, by sharply 
distinguishing the inedible from the edible, 
make subsequent mistakes less likely. In the 
domain of sound, the rattle of the rattle- 
siiakr and the hiss of other ^serpents serve 
ihr sanu' warning function. 

'llic skunk is the typical instance of warn- 
ing roloialion, as it is certainly the closest 
idaiiw o{ man to practise the device. 
fvcryoiK' knows the power of the skunk’s 
wapou , how dogs bedewed with the vile 
liquid I un off in howling despair ; and how 
no wild creature, however large, ferocious, 
ur hungry, will touch a skunk. Skunks 
most elh'ctively combine appearance and 
hchaviour for warning purposes. They have 
nm adopted the ordinary principle of shading ; 
^hite above and dark below, their fonn 
stands out sharply against the background. 
Inc animal knows no fear, but walks slowly, 
'■eiusiiig lo give ground or to run from man 
^1“ beast. The white and bushy tail is held 
^«at as a warning banner. This fearlessness, 
IJistified by past conditions, leads at times to 
j)''ave inconveniences in the face of modern 
‘'ivcntions. A skunk will not make way 
for a train, and a train is unable to 
' ^ide for a skunk ; the resultant casualty 
c.mse serious distress to, the passengers 
Y^any hours. 

out if enemies can learn the association 
^ certain patterns with danger or distaste- 


fulness, and let their owners alone for the 
future, what is to prevent other animals 
from practising a simple bluff, and achieve 
immunity from attack by imitating the 
warning colours, without the trouble of 
developing the weapon or the offensive 
taste ? The answer is that there is nothing 
to prevent it ; natural, selection can achieve 
any device, provided it is within the resources 
of life and of service. The only special 
condition is that the species that bluffs shall 
be much less common than the species with 
true warning coloration ; if their proportions 
were the other way round, the lesson of the 
warning colour would never be properly 
learned. vSuch imitation of the outward 
appearance of a protected by an unprotected 
animal is called mimicry, and the species 
mimicked is styled the model. 

Some of the best-known examples are the 
clcar-wing moths, which closely resemble 
bees and hornets. Another is afforded by 
the two well-known American butterflies, 
Dariais plexippuSy the Monarch, and Basil- 
archia archippuSy the Viceroy. The nauseous, 
flaunting Monarch is the model. It is 
geographically an invader, and apparently 
a recent invader, of America. The Viceroy 
mimic is a member of a quite different family, 
the Nymphalines, which are strongly repre- 
sented in Europe and North America ; 
it is so closely related to an American species 
of White Admiral that the two, in spite of 
their entirely different pattern, will inter- 
breed and produce hybrids. The likeness to 
the model only holds for the adult stage ; 
egg, caterpillar and chrysalis are all of regular ► 
White Admiral type. If mimetic likeness 
were the result of local conditions of life, we 
should have expected the invading Monarch 
to have become modified in the direction 
of the native forms rather than vice versa ; 
but if it is an adaptation on the part of the 
model, the facts arc at once intelligible. 

It is worth while studying the methods by 
which the mimic’s likeness to its model is 
achieved ; for they throw light on the 
processes of Evolution. The salient facts 
are, first that the resemblance may be 
produced in all sorts of ways ; and that so 
long as the enemy’s sense of sight is deceived, 
it does not matter what tricks arc employed. 
In Brazil, for instance, there is found a 
sand-wasp, Pepsis, together with two mimics, 
a plant-bug and a long-horned grasshopper. 
The wasp’s antennae are ^ short and thick ; 
the mimics have the base of their antennas 
thickened to look like the whole of the wasp’s 
antennae, while the rest is reduced to a fila- 
ment so thin as to be invisible at any distance. 
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Again, there is a distasteful group of South general structure and habits of life 
American butterflies which have prominent unaltered. 

transparent areas on their wings ; they are In some cases, a single individual ma 
mimicked by a number of other butterflies from one sort of mimicry to aiKnhcr 
and day-flying moths. In the models, the its growth. The grasshopper 
transparency is produced by the scales being when young mimics ants, thinniui; its^m 
reduced to minute vestiges. In some of the nsc to invisibility, painting-in a vs aist 
mimics, the same device is adopted, in having the instinct to run about rcsties^f 
others the scales are of full size, but enor- ant-like, among its models. But as it 

mously reduced in number ; in others they up, it becomes too big to look antdiri 

are of full size and full number, but are and finally moults into a green creaiuV I 

themselves transparent ; while in still others, with expanded wings, which escapes detre* 
they stand up on edge and so let the light tion by its leaf-likeness and its immobiliu* 
pass through. In some dear-wing moths, To pass from the likeness of an ant to that of 

on the other hand, the scales are loosely a leaf, however, it must go through an 

attached, so that they come off during the awkward intermediate stage when it rV 
animaPs first flight. semblcs neither the one nor the other. At 

Examples such as these show how impos- this age it is provided with yet a third set 

sible it is to suppose that the conditions of of instincts, and tries to escape from its 
life directly bring about the mimetic resem- enemies either by hiding or by “ shamming! 
blance ; any kind of Lamarckian explana- dead.” 

tion is ruled out of court, and as the only The cuckoos provide us with one of iho 

possible agency for the origin of mimetic few examples of aggressive mimicry, in which 
adaptations, we are left with natural selection a resemblance serves for the direct exploiia- 
guiding random variation. The same reason- lion of the model. The common European 
ing holds good for the highly original cuckoo exists in a large number of strains 
method by which the plant-bug Heteronotus or races, each of which lays its eggs almost 
achieves its mimicry of ants, i'he roof of wholly in the nests of one kind of dupe ; 
the front segment of its thorax is prodigi- the meadow-pipit cuckoos and hedge- 
ously expanded so as to cover all the rest sparrow cuckoos are the commonest strains 
of the animal, and modelled into the colour in Britain, while in some parts of Europe theie 
and shape of an ant I are redstart cuckoos, and in Japan, bunting 

The Membracidsc, the family of bugs to cuckoos. In some cases the cuckoos’ eggs 
which Heteronotus belongs, provides in are not particularly like the dupe's eggs : 
itself a remarkable object-lesson in deceitful but usually the resemblance is striking, 
adaptations and their origin. All of them Recent investigation makes it almost certain 
have their first thorax-segment expanded that the differences are due to difTcrenccs in 
into some sort of shield, often with no the severity of selection. Sometimes the 
obvious adaptive significance. But this con- dupe is easy-going and stupid, like the hedge- 
venient expansion, once it is present, has sparrow, and will brood almost anytliing ; 
been used as the raw material out of which then there is no need for the cuckoo’s eggs 
all sorts of resemblances, both for conceal- to resemble their hosts, and no rcsernblaiicf 
ment and for mimicry, have arisen. In one is achieved. But redstarts and buntings 
species, it is prolonged fore-and-aft to look are stricter and will turn suspicious-looking 
like a grass-seed ; in another, it is. converted objects out of the nest ; and the cuckoo- 
into a hollow semblance of a thorn, below strains that parasitize them have been 
which the little bug crouches against a rigidly selected for egg-mimicry, 
stem ; in another, it looks like a hooked The resemblance is protective so far as u 
burr ; iff Heteronotus, as we have seen, it concerns the eggs themselves. But it ^ 
takes the likeness of an ant ; in Oeda it is aggressive from the point of view of tn^ 
much swollen and coloured bright orange, race ; the egg, once preserved from * 
to mimic very exactly the cocoon of a dis- sion, produces the ugly little nestling whicn 
tasteful moth. The whole group is defence- in the common cuckoo destroys all its foster- 
less and palatable ; they all possess the brothers, in other species appropriates a 
thoracic shield which can be moulded into share of their food. 

the most fantastic ‘shapes without change in Finally, we cannot pass over two extra- 
any of the vital organs ; and so resemblance ordinary cases which show into what 
of one sort or another has become their main paths variation and selection may ^ 
method of defence. In every case the animal. The palatable West African nio^ 
resemblance is a hollow sham, and the Deilemera spins a cocoon covered over 
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, ,hite ovals. Any entomologist seeing 
" id S ly at once that these were the 
^ nf llUienopteran parasites, which, 
f°“dfvouiiiT the interior of the just- 
^"iforaicd caterpillar, emerge to pupate 
” l^xfrior. These parasites’ cocoons 
’" very tough and resistant, and are des- 
by most insectivorous ammals. The 
7aef bird appears to be as readily 
lived as the average entomologist, and 
„ Ae Deilemera profits by its likeness to its 

'ikn there b^the case of the alligator-bug, 
cumria lucifera, one of the large insects of 
rooical America which are known as 
aniern-flies (Fulgoridae) . From the front 
,f its head there projects forward a huge 
lollow structure, which has been turned 
lUo a mask admirably representing a minia- 
ure alligator. The “ eye ” and “ nostril ” 
irc raised on knobs, as in a real alligator’s 
lead ; they are painted on in black, and the 
■^e has even a white patch simulating the 
rfleclion of light. Along the side is a dark 
me representing slightly opened jaws, and 
rom this there stand out in relief the most 
onvincingly white and flashing teeth. At 
irst blush the difficulties in the way of 
iccountiiig for such a resemblance in terms of 
laiural selection, or indeed on any rational 
lasis at all, seem insuperable. The rcsem- 
ilaricc is not to a whole alligator, but only 
oils head, and to the head of an unnaturally 
Jiminutivc alligator ; and even if the 
Tscmblance be useful now, what advantage 
:ould have been secured by the early 
and incomplete stages in its evolution ? 

This last question is not nearly such a 
aard nut to crack as it seems, for all lantern- 
flics have an enormous hollow expansion in 
front of their head. Wc do not know in the 


least what function the expansion may have, 
l)ui there it is ; and in some forms it has 
roughly the general shape of the imitation 
alligator-head in Laternaria. It needs 
little change to convert this projection into 
a rough animal mask, and if that be qt 
advantage, then the final touches can be 
easily added later. As to advantage, that 
is not so difficult. A bird or a little 
monkey picking over the foliage suddenly 
comes on an object which looks like a 
grinning reptilian head. Is it. likely to go 
on with its exploration and taste and 

try? ^ 

There are, as a matter of fact, other 
intern-flies with less perfect animal masks, 
^nd masks which resemble not a particular 
oreaturc, but serve their purpose by appearing 
simply vertebrate and ferocious. The effect 


here is based not on specific resemblance, 
but on general association. This particular 
form of bluff we may call associative mimicry 
or terrifying coloration. It is found in many 
insects, notably in their larval stages. A 
number of large caterpillars have prominent 
eye-like markings on either side of their 
body ; when frightened, they draw in their 
head, puff out the eyed segnients, and so 
provide themselves with a sufficiently verte- 
brate and alarming appearance to scare off 
some at least of their enemies. The cater- 
pillar of the common puss-moth adopts a 
more curious method. It, too, puffs out its*" 
fore region, showing a prominent pattern ; 
at the same time it erects its forked “ tail ” 
and from each fork protrudes a red and 
wriggling filament. In this guise it has 
startled many a juvenile collector, and 
doubtless many a bird. This particular 
appearance is not wholly bluff, for the 
puss-moth larva secretes formic acid, which 
it ejects as a last resort. The lobster-moth 
caterpillar assumes an even more grotesque 
appearance when alarmed. 

There still remains, however, another 
type of mimicry to discuss. There are seven 
British species of wasp of the genus Vespa, 
and every one of them is banded with black 
and either yellow or orange-yellow. Black 
and yellow recurs as a warning coloi^ir in 
many other wasps, in several bumble-bees, 
in cinnabar caterpillars, in the fire-salaman- 
der. What is the reason for this recurrence 
of one coloration ? Partly no doubt that 
it is a conspicuous one ; it is not for nothing 
that the Automobile Association have chosen 
yellow for their motoring signs, and that 
yellow signals arc beginning to oust the old 
red and green on some railways. But might 
there not be advantages also for a species to 
be hall-marked dangerous with a widespread 
and therefore already widely known pattern , 
The possibility is converted into a certmnty 
by what we find among butterflies. Here 
warning patterns of a complexity which 
rules out the possibility of chance coincidence 
are often shared by a number of ^ist^teful 
species. The species may belong ta different 
genera or to different families, whose patterns 
are characteristically quite unlike, so that 
their ancestry would be expected to make 
them differ, not to resemble each other. 

Bates had been the first to put forward a 
reasoned theory of our first type of mimicry- 
mimicry by bluff ; but he was puzzled by this 
likeness, often very close, between many 
distasteful species. It was reserved for Iritz 
Muller, follewing in Bates’ footsteps in So^h 
America, to point out its meamng. The 
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Fig. 259. The fating of mimii to model. Fig. 260. Adaptation in minmty mmg 

African butterflies. 

Left, the model, a dhtaUeful African butterfly, Amauris Left, models. The top four are Planerna rfuni knta 

niainus. Above is the sub-species Jound on the West Coast male and female of the West Coa.st sub-spau ^ thm a 

and Mross to Uganda. Below, that on the East Coast, female of the Uganda sub-species, then a jtmak of ik 

which ^ much more white on its wings. The two in Abyssinian .sub-species. Below, the Abysstmiti 

the middle are intermediate forms from the transition zone species of Amauris niavius [cf. Fig. 2V1}, a muM 

in Eastern Uganda and Western Kenya. Right, the mimic, belonging to another family. Rtghf niimtu, n!l 

a Swallowtail butterfly, Papilio dardanus. From above Swallowtails of the species Papilio cynmia Ahou. 

down, female and male of West Coast sub-species ; male male {not mimetic) ; next, West Coa.st JemaU 

and female of East Coast sub-species. The males are not the West Coast Planema) ; third, female oj l\undu 

rnimics, and, although they become blacker on the East, the sub-species {mimics Uganda Planema). .h tlu 

fmaUs become whiter, like their models. {Courtesy of female' 5 normal pattern is nearer to the Amaun^ thm 

Prof. Poulion and the Hope Department of Zoology, the Planema model, in Abyssinia selection has woiiJdal 

Oxford.) the mimic to resemble Amauris {below). 
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,,1 warning colour in an insect 
noon the education of insectivorous 
l«P* "f . and to accomplish this education 
•^‘^rwin number of individu^ must be 

‘ rifiU '■•'‘cb year fo*' 

number of speci« adopt a single hall- 
* v the prescribed number of vicUms 
Vi’ no greater, but the sacrifice will be 
read over all the species instead of falling 
fnrirely on the shoulders of one. 


The two types of mimicry are distinguished 
by the names of their discoverers. Mimicry 
by bluff is called Batesian, mimic^by pooling 
of warning colours is styled Mullerian. As 
Poulton writes : “ A Batesian mimic may be 
compared to an unscrupulous tradesman 
who copies the advertisement of a successful 
firm ; Mullerian mimicry to a combination 
between firms to adopt a common advertise- 
ment and save expense.** 
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§ I. Ecology is Biological Economics. § 2. The Chemical Wheel of Life, s ,, 
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ment of Life-communities. § 5. The Grading of Life-communities. § (i. 

chains and Parasite-chains. § 7. Storms of Breeding and Death. j 


§ > 


Ecology is Biological Economics 


W E come now lo a fresh way of regard- 
ing life, by considering the balances 
and mutual pressures of species living in 
the same habitat. We have studied the 
forms of life, we have traced what we have 
called, perhaps rather clumsily, “ biological 
invention ” and the evolution of existing 
forms, and wc have considered the adapta- 
tion of these forms to the exigencies of this 
or that habitat. In every habitat we find 
that there is a sort of community or society 
of organisms not only preying upon but 
depending upon each other, and that a 
certain b^ance, though often a violently 
swaying balance, is maintained between 
the various species so that the community 
keeps on. In this new chapter we are going 
to study this swaying balance. 

The particular name given to this subject 
of vital balances and interchanges is called 
Ecology. Ecology is a term coined by 
Haeckel, the celebrated German biologist, in 
1878 ; its root is the Greek otK»>s, a house, 
which is also the root of the kindred older 
word economics. Economics is used only 
Ibr human affairs ; ecology is really an 
extension of economics to the whole world 
of life. Man is always beginning his 
investigations too close to himself and finding 
later that he must extend his basis of inquiry. 
The science of economics — at first it was 
called Political Economy — is a whole century 
older than ecology. It was and is the 
science of social subsistence, of needs and 
their satisfactions, of work and wealth. It 
tries to elucidate the relations ol' producer, 
dealer, and consumer in the human com- 
munity, and show how the whole system 
carries on. Ecology broadens out this 
inquiry into a general study of the give and 
take, the effort, accumulation and consump- 
tion in every province of life. Economics, 
therefore, is merely Human Ecology, it jis 
the narrow and special study of the ecolo^ 
of the very extraordinary community in 
which w'e live. It might have been a better 
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and brighter science if it had begun hio, 
logically. Here, until we come to our 
Book, we shall say nothing further oi oco. 
nomics, and then we shall write only m 
the most general terms. And all wc shall 
say will be based on general ecology. 
is so peculiar a creature that a really satis- 
factory treatment of the science of work and 
wealth demands a companion work upon tin 
scale of this Science of Life. But here w'c liojM 
to show that ecology lays the foundations 
for a modern, a biological and an entertaining 
treatment of what was once very prnprrK 
known as the “ dismal science ” ofccononiicb 

§ ^ 

The Chemical Wheel of Life 

Everywhere, except in phases of exticjiir 
geographical and meteorological change, the 
world presents in every habitat this swayini; 
balance of diverse species, and evers^hcre 
wc find that these communities which prry 
and depend upon one another present many 
resemblances in pattern. It is not altogelln i 
fanciful to compare all these various com- 
munities, each one to a sort of super-organism, 
and in practice much of the thought and 
work of the ecologist involves that idea. 

We have already made it manifest that 
except for the green plants (and possibh 
certain bacteria) no living thing can 
upon any food except the substance of other 
once living things. The leafy green pbri 
on the earth, the smaller green plants in 
the plankton of salt- and fresh-water, arc 
the primary sources of all living substance. 
Every biological community exists on that 
iis its biisis. And as we have explained, the 
chlorophyll does its work by utilizing the 
energy of the sun. If animals and fung* 
are food-parasites upon green plani.s, 
plants arc energy-parasites upon the sun 
The whole of life upon earth depends 
entirely upon solar energy. The sun s 
energy^is the physical source of all life. 

The ^great bulk of living substance 
composed of carbon, hydrogen, oxygen, an 
nitrogen. But a number of other elements; 
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pirscnt only in traces, are equally 
' " itial. There most be sodium, potassium. 


fSicni 


calcium, magnesium. 


iron, phosphorus, 
^1 hur’chiorine, iodine, and perhaps silicon, 
zinc. 

cai bon is derived almost exclusively 
. carbon dioxide, which is present in the 
to the average amount of 0*03 per cent, 
ind is held in solution in all waters, but in 

vervvarying proportions. . , ^ 

Xitrogeii enters green plants m the form 
oi nitrates dissolved in the soil water or in 
the water in which they float. All the other 
substances which plants need for con- 
stiuction- phosphorus, sulphur, calcium, 


and the rest — are brought to 
iiieni dissolved in water in the shape of 


iiia^nesiiim 


inorganic salts. 

Hydrogen enters the green plant in the 
lonn of water which is utilized with carbon 
dioYide in the manufacture of sugar. As 
wc have described in an earlier Book, the 
(i\ygcn of the carbon dioxide is split off and 
returned in elemental form to the air or 
water round the green parts of the plant. 

So that, so far as the building up of carbon 
into oiganic substances goes, oxygen is a 
wash-product, there being sufficient in the 
water absorbed by the plant to cover all 
that IS needed for the construction of sugars 
and other carbohydrates and of proteins, 
but, ol' course, it is necessary to take in 
ux\gcn at another part of the cycle to sustain 
the slow fire of living oxidations that gener- 
ates the energy required for the business of 
living. The oxygen to feed this slow flame 
IS obtained by green plants in elemental 
firm, either direct from the air or dissolved 


111 water. The atmosphere serves the oxygen 
needs of the great bulk of animals and of non- 
giccn plants ; there are, however, a few 
parasitic animals and a fair number of 
bacteria and fungi which manage to extract 
the oxygen needed for their energy-produc- 
tion from the organic substances on which 
thc'y feed. 

fhe green plant having effected this 
synthesis of organic carbon and nitrogen 
<ompounds, of which it alone is capable, 
the rest of life steps in to seize its share of the 

spoils. 

Plant-carbohydrates and plant-proteins arc 
the only vehicles by which carbon and nitro- 
Kt'n can enter the animal kingdom. They 
jtiust be taken to pieces by the enzymes of the 
terbivore’s gut before they can pass through 
into the real interior of its body, but the 
places must not (save in some protozoa) be 
s-irnpler chemical nature than sugars 
‘I'ld ainino-acids. Carbon or nitrogen pre- 


sented to an animal in any simpler form is 
as useless as a pile of banknotes to a man on a 
desert island. 

Once the carbon and nitrogen have entered 
upon their animal career, they can continue 
to circulate in the animal kingdom as 
carnivore preys on herbivore and one 
carnivore on another. In the process, 
however, the complexity of the carbon and 
nitrogen-carrying compounds never falls 
below the level of simple sugars and amino- 
acids. 

The handing on of these organic sub- 
stances docs not go on indefinitely. Some 
animals have no natural devourers ; others 
escape devouring or die from disease or 
old age. Not all plants are devoured. 
The dead substance which would otherwise 
remain a locked-up accumulation of complex 
compounds, of no further use to life, under- 
goes dissolution. Some part of it undergoes 
purely chemical degeneration, some part 
of it is simply oxidized ; but the greater 
portion is broken up by decay — that is to say, 
by the action of special bacteria. Decay 
is a living process ; it is part of the cycle 
of life ; it is not a mere inorganic decompo- 
sition. A great variety of Ij^cteria arc 
concerned in it, each species playing its own 
part in the decomposition. 

If decay, helped by the natural oxidations 
due to the oxygen in the air, proceed to 
its limit, the carbon that once was life’s 
reappears in the form of carbon dioxide, its 
nitrogen enters air or water as ammonia, 
and the other elements for the most part 
become converted into water and salts. 
In poorly aerated situations, however, the 
carbon may be given off as the marsh gas 
or methane (GH^) that we see bubbling up 
from the bottom of stagnant waters, and the 
sulphur as hydrogen sulphide (HgS) with 
its familiar stench of rotten eggs. 

The materials in this course of decay may 
be utilized by still other organisms before 
reaching the final stage, and they may be 
once more directed upwards to greater 
complexity. Most moulds and fungi do 
this ; they are in effect parasitic upon decay. 
Though they vary considerably among them- 
selves as to the details of their nutrition, 
certain general features arc always present. 
They cannot tap light-cnergy to win the 
carbon from carbon dioxide ; and they find 
it inconvenient or unnecessary to utilize 
simple inorganic salts as source of nitrogen. 
But though food on the low chemical levels 
from which it can be hauled up into life 
by green plants is unavailable for them, 
they do not require it in such a complex 
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wi as & ikdAy hr animal assimilation, 
TKey do not insist on sugars and amino- 
acids ; they can utilize lower grades of 
chemical complexity. 

Some fungi may fall a prey to animals 
and so lift the disintegrating compounds 
back to the full animal level, but in spite 
of this occasional upward return which 
fungi render possible, the vast bulk of living 
materials do at last deteriorate back to the 
extremity of decay. The carbon makes 
full circle and is once more available in 
carbon dioxide for the synthetic activities 
of green plants. The ammonia or ammon- 
ium compounds, in which form the nitrogen 
mostly returns to the air (and also the far 
less abundantly generated sulphur compound 
hydrogen sulphide), form the basis for new 
activities on the part of bacteria. A series 
of bacterial species attack this ammonia, 
and through their vital processes convert 
its nitrogen into the form of nitrates, which 
again are available for the nutrition of green 
plants. Once more these elements enter 
Upon an upward phase in the wheel of life. 

The role of the bacteria is absolutely 
essential in this cycle. Without the agency 
of a horde 0 microbes belonging to a great 
number of kinds, and each restricted to 
one chemical job, to one step only of the 
whole transformation, there would be an 
unbridged gap in the vital circulation. 
DoubUess, given time enough, inorganic 
oxidation would decompose proteins and 
carbohydrates, just as it succeeds in rusting 
iron ; but the turnover would be so slowed 
down that only a negligible fraction of 
existing life would be able to carry on, and 
there would be a much greater leakage of 
nutrient elements into wholly unavailable 
forms. 

Thus life depends for its primal supply 
upon green plants, and for its sustained 
supply upon bacteria. The whole of life 
consiaered chemically is one cyclic process 
from green plant to bacteria and so again 
to^ecn plant. 

The cycle does not run smoothly. It nins 
with various leakages and blocks, whereby 
some of the food elements are changed into 
forms useless to the great majority of living 
things, or deposited in the solid state and so 
taken out of the reach of all life until inor- 
ganic solution or oxidation has made them 
again available. 

Shortage of available nitrogen is a chronic 
state in Itfe’s affairs, and the formation from 
organic compounds of elemental nitrogen 
gas, chemically inert ahd so unavailable to 
almost all organisms, constitutes a serious 
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present, certain of the bacteria wiS'" “ 
mally convert ammonia into nitrates 
reverse their activities and use nitrates « ” 
S9urce of oxygen, restoring the 
into the air as a useless jby-product. If fu 
leak were to continue indefinitely tlf 
wastage of available nitrogen could not 
made good, and life would gradually perish 
of nitrogen want, though in the midst of 
unavailable plenty of nitrogen. 

However, the wastage due to such dcnltri- 
fying bacteria is made good by means of 
yet another class of bacteria, the nitrogen, 
fixers, who are aided by the mycorrhiza 
fungi which we have already discussed {Book 
6, Chap. 4, § i). By chemical means at 
present unknown, these plants can seize 
hold of the nitrogen of the air and transform 
it into vitally-available compounds—a feat 
imitated by man in recent years, but only 
with the expenditure of great quantities oi 
energy, derived from water-power or other 
mechanical sources. The nitrogen-fixing 
bacteria live for the most part in an association 
of mutual benefit with the members of the 
leguminous order of plants, the pea tribe. It 
is a symbiosis of great practical significance, 
The more leguminous plants, like beans, 
peas, lupins, clover, and alfalfa, rnai 
cultivates, the more nitrogen will he divert 
from the air back into vital circulation. 

There arc other types of leakage or block 
in the rotating wheel of life. Through a lack 
of sufficient oxygen during decay, carbon 
may be locked up in its elemental forrn, 
unavailable to green plants. Many cubic 
miles of carbon have been thus solidified 
in the form of peat, lignite and coal, and 
much of this food-capital has been idle, 
locked out of circulation, for hundreds of 
millions of years. It is not yet certain how 
the mineral oils which give man petrol aua 
paraffin oil arose ; but whether their origin 
is from plants, or, as is possible, from marine 
life, they again constitute a lockcd-up store 
of carbon that was once in circulation- 
The fire-place, the factory, and the mo^o^ | 
car are doing all they can to restore thif 
deposited carbon to a state of gaseous 
accessibility. . 

Carbon may also be deposited uselcssb 
in combination with the important meta 
calcium. Considering that all chalk or 
limestone is entirely or alrnc«t enurey 
derive^, from the skeletons of living things , 
that an unknown depth of calcareo 
deposits, in the shape of Globigcrina oozc- 
covers nearly thirty per cent of the who 
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^ttoin. and that corals are steadily 
^ „w,ine tons of calcium in coral reefe 
“"’’ day we might anticipate a general 
‘I'lrium shortage. The clement is, however, 
abundant that only in certain restricted 
of the land is calcium-shortage of 

serious import to life. 

Guano, a deposit consisUng of the excre- 
ment of bats and birds, is another example 
f locked-up material. Most excrement 
swerves to enrich the soil on which it falls, 
but on the Southern islands where guano is 
found the manure has been unused and has 
merely accumulated. Here again man 
comes to the rescue, and, by using guano 
a fertilizer, restores its nitrogen and phos- 
phates to the soil. 

All these diversions of material into idle- 
ness are directly effected by or through life. 
In addition, purely inorganic processes may 
.ihstract quantities of this or that element 
from the rotation. Evaporation is the most 
potent of these agencies ; evaporation has 
imprisoned many million tons of salts in 
ihe sterility of salt deserts and rock salt. 
TW high prices given for fertilizers contain- 
ing magnesium and potassium, sulphates 
and phosphates, indicate how serious to 
men such diversions of vital material from 
the wheel of life may be. 

With such digressions and losses, with 
fluctuations and uncertainties, the wheel 
of life turns on. The driving force of the 
wheel is solar energy. By virtue of that 
energy, and of that energy alone, the ele- 
ments are drawn into the wheel, pass from 
lower to higher complexities of combination, 
pass from green plant to animal, from one 
animal to another, live, die, live and die again 
and again ; some fall by the wayside as 
waste masses of substance, some stay un- 
utilized for millions of years, others are caught 
Ijy a fungus or a bacterium and turned back 
^0 the higher levels again ; so sooner or 
later they return to the state of simple and 
stable combination at which they began, 
to be caught up once more by the sunshine 
and the chlorophyll and once more sent 
t'ound the cycle. 

§ 3 

The Parallelism and Variety of 
Life^communities 

This fundamental Wheel of Life turns in 
^ miiltitude of places and under a vast 
'variety of conditions, and each one gives 
vvk^ ^tfferent sort of life-community. The 
heel of Life is indeed rather like the work 
seme extremely popular playwright who 
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has only one leading idea in his head, which 
hc^ repeats again and again with no great 
originality or invention. The scenery varies 
—it is not his work— the costumes and the 
names change, new fashions soak into him, 
the cast of the actors is different and now one 
personality dominates and now another, 
there is a lack or a superfluity of supers for 
the minor parts, or some performing animal 
or other novelty has to be worked in, but 
beneath these changes we detect the same 
old plot and very much the same r61es. 

We will consider now something of the 
variety and of the fundamental similarity 
of the life-communities thus evoked. They 
are, so to speak, organizations of species of 
organism. Life-communities develop and 
evolve as wholes. They might be called 
super-units of life. Always in a life-com- 
munity there will be green plants as producers, 
herbivore animals (and parasitic plants) 
as exploiters of green plants, and decay- 
bacteria exploiting both and breaking down 
the substance of their dead bodies. Without 
the greenery, production would cease and 
the whole community come to an end. 
Without the decay-producing bacteria the 
return of plant-food substanc^ would be 
so much slowed down that the whole drama 
would stagnate through the arrest of material 
in corpses. 

Animals as well as bacteria speed up the 
circulation, for the urea and carbon dioxide 
into which they eventually turn the plant- 
food they eat are much more readily and 
quickly available for plants than the mere 
dead leaves and stems, full of wood arid cellu- 
lose, that would be the main end of green 
plant substance if there were no animals to 
eat it. And even as corpses, animals are 
more speedily brought back into availability 
by decay than are the remains of dead plants. 
So, while green plants could exist by them- 
selves as an independent life-community, 
carrying out a quite independent drama of 
transformations, yet animals are of the 
greatest importance as accelerators to such 
a cycle. They actually benefit the species 
of green plants whose individual bodies 
they devour alive or break down when 
dead, for without them the rate of growth 
of green plants would be enormously 
slowed down, and both their abundance 
and their variety would be infinitely less. 

The life-community on land differs widely 
and necessarily from the more primitive 
life-communities of the sea. It has been 
said that “ all flesh is grass and all fish is 
diatom,” and while the life-community 
of the waters has its microscopic food-basis 
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wearer the sunlight and carries out Jt$ 
interchan^ in three dimensions, the life- 
communities of the land arise upon the soil 
and vary much more widely because of 
the diversity of rock and exposure upon 
which they live and have their being. 

Among the green plants of every land- 
community there are usually one or a few 
dominant species much more abundant or 
conspicuous than all the rest — the oaks in 
an oak-wood, the grass in a field, the heather 
on a moor, the great trees in a tropical 
forest, the bulrushes in a swamp. But 
l^esldes these, there are always plenty of 
other less abundant kinds which find roles 
for themselves among the margin of oppor- 
tunity which the dominant form leaves over. 
Each life-community thus comprises a vege- 
table hierarchy. 

This fact that there must always be a 
dominant vegetable type or types in any 
life-community comes about through the 
dependence of plants upon light and mois- 
ture. The kind of plant which, in the local 
conditions of moisture, can win in the 
struggle for light will in the long run kill 
out its main rivals or prevent them from 
reproducing and so rule the community. 
'J’he climate may permit of forests ; then the 
dominants will be trees. Or a dry soil may 
support nothing more than a steppe or a 
prairie ; then the dominants will be grasses. 
In all cases the dominant is the kind of plant 
which can succeed in getting the biggest 
share of the light-energy streaming down 
upon the area. 

Light being the main necessity of plants, 
the dominant plant of a community is the 
tallest member, which can spread its green 
energy-trap above the heads of the others. 
What marginal exploitation there is to be 
done is an exploitation of the dimmer light 
below this canopy. So it comes about in 
every life-community on land, in the 
cornfield just as in the forest, that there are 
layers of vegetation, each adapted to exist 
in a lesser intensity of light than the one 
above. Usually there are but two or three 
such layers ; in an oak-wood for example 
there will be a layer of moss, above this 
herbs or low bushes, and then nothing more 
to the leafy roof; in the wheat-field the 
dominating form is the wheat, with lower 
weeds among its stalks. But in tropical 
forests the whole space from floor to roof 
may be zoned and populated. 

I'he plants of a life-community in their 
quest for light may become differentiated 
in time as well as space. In the lower 
layers of most woods, for instance, there arc 
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'lants that can 


/a 'few 

and flower even m tte ieWr.ml^ 
nine-tenths of the Ught or more Tu'''" 
mtcrcepted by the crowns of the . 
But if the early bird catches the woL 
early plant catches the light. Arr^’ ^ 
another and the more nimierous 
thi. l.y» of tte 

inade of specialists in vernal growth !■ i 
shoot up into activity to catch the ett 
sunshine of the year before the tre« t, ' 
time to spread their light-traps across^ 
The primroses and wood-anemones a 
bluebells of English woods, the henailr 
and the blood-roots and the spring beam! 
of the wwds of America, all flower whib 
there is still light in the lower storeys ol the 
forest. Most of them are active for about 
three months of the year, and sleep awav ihp 
rest. 

In prairies and still more in deserts this 
seasonal specialization is very strongly m 
evidence, but it is concerned with water 
rather than light, of which latter neccssiu 
there is here more than enough for all 
'Fhe studies of the Desert Laboraton' at 
Tucson have shown how the desert plants 
divide up the year’s rainfall of the Arizona 
desert. The first warmth of the year, 
combined with the slight winter rainlall, 
brings up a crop of small annuals, not 
markedly different from the small annuals 
of less extreme climates. They shoot uji 
in January, flower in February, fruit iii 
March or April, dry up and live througli 
the rest of the year as seeds. And then' 
is also a crop of perennials which have the 
same short period of active life, and surxivi' 
the rest of the year as bulbs or leafless stems 
or underground root stocks. But as Apiil 
passes, the temperature becomes very higli 
and the rainfall declines. The tender vege- 
tation dries up. This is the season of the 
plants we are accustomed to think of as 
most typical of deserts— -the cactuses, the 
agaves, the yuccas. They can accumulaie 
stores of water in their stems or leaves, 
and live and flower and fruit through the 
drought at the expense of these stores. T hey 
hold the stage until June is over. Then 
comes the main rainy season, with even 
higher temperatures, and the whole land- 
scape changes marvellously. Millions upon 
millions of seedlings spring up and make the 
desert fertile. Speed is the keynote of their 
existence, for they must finish flowering an 
fruiting^ before, in less than three months 
time, the next season of drought falls upon 
the land. And during this second droug < 
from late September on to the end ot i 
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ft^nt-lilc of the at a 

' I the sr.i other seasonal factors come in. 
Tk" restart hcs of Atkins have shown that the 
the sudden drop in the abundance 
"^rlurface Hie during the summer months 
^ thaMhe diatoms and other basic food- 
Queers of the sea have exhausted the 
^^•lilable phosphates in the surface waters. 
Vot until the winter, when cooled surface 
.jjpr sinks and phosphate-rich water rises 
rom the unexhausted depths to take its 
jlace, can the full stream of life’s abundance 
low again. 

When we pass from the fundamental 
vportable hierarchy of a life-community 
loiis animals wc find a mudh greater amount 
,)f specialization and variety. We find not 
fjieiely the herbivores that eat the plants, 
l„i[ the carnivores that eat the herbivores ; 
ur find parasites, a special and intimate 
sdit of herbivore or carnivore, and we 
fiu'ounter scavengers which live upon the 
dfra)'ing remains of creatures of any possible 
iriade in the scale, 'fhe scavengers of 
.iniinal remains play a very different part 
iiorii (he scavengers of plant remains. 
Ihefomicr (such as jackal or blow-fly grub, 

II the dung-beetle, though his actual food 
; lie vegetable remains extracted from the 
[ are hangers-on of the purely animal 
' part of die organization ; they arc exploiters 
ii! exploiters. But the scavengers of plant 
remains (such as the worms that eat dead 
leaves or the termites that eat dead wood) 
must he grouped together with parasitic 
plants like mistletoe and many fungi, and 
hie lew animal parasites of green plants, 
"ith the herbivores. They are all to be 
dassed among primary exploiters of green 
plant activity, middlemen between green 
plants and other animals. 

Of these intermediaries, every community 
''ill have a few basic kinds which are the 
oundation for most of the rest of the com- 
'uunity’s animal life. From the point of 
new of biological economics, they are the 
jnimal counterparts of the dominants among 
5 P 1 but they differ in being often 
)uugh by no means always) small and incon- 
PJcuous, their importance unrealized by the 
asual naturalist. The tiny copepods of the 
the .sap-sucking plant-lice, the earth- 
onns of the soil, carry on such decisive 
ciPtermining as they do the character 
a the higher forms that prey upon them, 
as much as do such familiar herbivores 
■\«blms sheep, or deer. 

^ carnivores are usually organized in 
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what arc called {^-chains, each link of the 
chain serving al^food for the next. If we 
cat sheep, wc eat plants at one remove ; 
if we eat snipe qr woodcock, we arc eating 
them at two removes, with worms and such 
small creatures making another link in the 
chain. Parasites, too, may be organized 
in chains, parasite upon parasite. 

Again, each of the main groups of exploiters, 
herbivores, carnivores, and the rest, can be 
subdivided into well-marked minor roles, 
which will be found, played by one actor 
here and another actor there, in all well- 
developed life-communities. There is, for 
instance, the role, whose importance in 
biological economics is not very commonly 
suspected, filled by the suckers of plant 
juices. This role is almost always under- 
taken by insects, almost all of them small 
insccts-plant-lice, coccids, plant-bugs and 
the like— but the sum total of their pumpings 
is enormous, and converts a vast bulk of 
plant substance into a condensed animal form 
which then becomes available to carnivorous 
insects like ladybirds, and so passes, directly 
or indirectly, to bigger animals such as 
birds and mammals. All these higher 
forms are obviously conditioned by these 
juice-suckers. 

Among the carnivores, there are carni- 
vorous insect-eaters, some of them insects 
themselves, with spiders, too, and frogs, 
reptiles, birds, and mammals. These insect- 
eaters fall into many sub-groups. There are 
the hawkers of flying insect prey, such as 
dragon-flies, swallows, swifts, nightjars, and 
some hawks, the ant and termite specialists 
like ant-thrush and flicker, ant-eater and 
ant-bear, the devourers of wood-boring 
types, such as the woodpeckers and other 
lards, the pickers-ofl' of parasites like the 
tick-birds, and so forth. And then in a 
grade above the insect-eaters, and conditioned 
by the insect-eaters just as these latter are 
conditioned by the insects, arc the carnivores 
that go for bigger prey, the hawks and owls, 
stoats and cats, wolves and boa-constrictors. 

Among the scavengers there are the eaters 
of dead and decaying plant remains, like 
earthworms ; the hangers-on of bigger 
carnivores, like the proverbial jackals with 
the lion ; the undertakers of small corpses, 
like the burying-beetles ; the funeral 
specialists of larger creatures, like vultures 
and marabou storks ; and the devourers of 
dung, like the sacred scarab. 

This life-drama, we have seen, is stereo- 
typed in plot and construction, with the 
same main roles to fill wherever it is played. 
But the cast varies. A role is played here by 
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one kind of organism, th^re by another. 
It is interesting to note a few examples of 
how the different actors fit thenwefves to 
their parts. • 

What we may call the earthworm role, 
the soil-making r61e, is filled in arctic regions 
like Spitsbergen by hordes of the tiny insects 
called Collcmbola or spring-tails ; in tropical 
forests it is partly filled by termites. On 
various coral islands it is filled by land-crabs ; 
the most important source of humus there 
is rotting coco-nut husks, and these the land- 
crabs burrow into and consume, much as 
earthworms burrow into soil and consume 
the most important source of humus in 
temperate countries, decaying leaves. 

Wherever there is abundance of sedentary 
and edible food, whether it be plant or 
atiimal, there is a role to be filled by browsers. 
Sea-slugs and sea-snails browse on seaweeds, 
and many coral-rccf fishes browse on coral, 
just as land-animals like rabbits and sheep 
and deer browse on grass and bushes. 
Carnivores often take to supplementary 
diets and to scavenging. In Africa, the 
spotted hyena lives largely on the remains 
of lions* kills ; in the high north, the arctic 
fox is kept alive in the winter by the remains 
of seals killed by polar bears. The resem- 
blance goes farther, for the arctic fox supple- 
ments his diet with sea-birds’ eggs, the hyena 
with the eggs of ostriches. 

The pursuit of earthworms in the soil is 
undertaken in Europe and North America 
by the common moles ; in Africa by the 
quite separate family of golden moles, and in 
Australia by the pouched moles — marsupials, 
not placcntals at all ; and there are some 
rodents which have taken to a not dissimilar 
life. 

These examples show how the plan of 
very different communities tends to repeat 
itself even in the details of its arrangement. 
Manifestly a life-community is an organiza- 
tion, with a definite unity of its own, an 
individuality of its own for the exploitation 
of natural resources. 

Different kinds of plants and animals do 
not occur together haphazard ; they are 
sifted out, selected, mutually adapted until 
a working organization results. Thus the 
life-community, if not an organism, is an 
orpnization of species which fill definite 
rdles, just as the body is an organization 
of parts and organs each with its special 
function. Certain kinds of species must 
be there for the life-community to live, just 
as certain kinds of organ must be there for 
the body to live. The life-community 
must have first its manufacturing side, the 
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green plants; dfee different member, r 
department wffl be specialized to utiWi' ^ 
mr and moaturc to the fuUest oxtemT*’ 
dominant kmds doing most of ti.» ’ 
but the others subsisting either 
surplus of raw matcnals left over by thp h 
nMts, or getting their chance during n,'!!’ 
of the year when the dominants arc ina« ^ 
Then when the raw material has been Wm 
to the orgamc level, a new series offol, 
the animals and parasitic plants, play Z; 
part. Though animals do none of th 
primary production and are not selfsu^ 
porting, yet in them life attains its mL 
varied forms and its greatest intensity. Thev 
are arranged in successive grades, ^i’here are 
first the more basic grades which attack 
plants or their remains directly. These in 
their turn give sustenance to others- 
carnivores, parasites and the scavengers of 
animal corpses — which radiate out in linked 
chains from the basic plant-consumers. 
All these must be present in sndicient 
quantity and vigour if the life-communiu 
as a whole is to carry on its rhythms witlioui 
catastrophic cljange. 


§4 

The Growth and Development of 
Life-communities 

Whether by Nature’s agency or man’s, 
bare stretches of land, devoid of life, arc 
sometimes produced in the middle of fertile 
regions. A forest fire leaves nothing hut 
dead trunks and charred soil behind it; 
on the shores of seas and great lakes, the 
wind and the waves may pile up great 
ranges of barren sand-dunes ; a landsbp 
or a rock-slide may strip a mountain-side 
of vegetation ; mining or drainage or re- 
clamation projects may leave big patches 
of untenanted soil. 

These stripped areas do not stay bare. 
Life invades them again, and the invasion 
is a regular and orderly affair. There is a 
progression of inhabitants, one set of animals 
and plants succeeding another in sequence, 
until finally a stable state is reached, m 
a state of nature, the animal and plant liie 
of this stable phase is the same as the origm^^ 
life on the area. The life-community has 
reproduced itself. 

This community-reproduction was seen 
on the grand scale after the great eruption 
of the volcano Krakatoa, in the East Indi^j 
in i 883 .^In three terrific August days tnc 
island jWlew itself in half, and threw such v 
quantities of fine dust (more than m 
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it) into the air that it floated bouring islands had not yet reached Kra- 
world and for many months katoa. 

round £^jj.<jpean sunsets a richer red. On Ernst estimated it would take another 

colou^^ smaller neigh- half-century before the full richness of tropical 

islands, Lang and Vcrlaten; every climax vegetation had Reproduced itself 
lilc was destroyed. The nearest on the island ; but considering the total 
v\hich life could come was another annihilation of life, and the island’s isolation, 
small islands about fifteen miles the progress made in twenty years is remark- 
but they themselves had been three- able enough, 
devastated by the eruption. Java The lowest type of plants, wind-borne as 
Sumatra lay each about ten miles minute germs, were needed to prepare the 
Trther distant. island soil, save round the level shores, 

than three years after the explosion, This first primitive community paved the 
Dutch botanist visited the island. The way for mosses and ferns. Each new addi- 
^ hv soil, from sea-level to peak, had been tion helped to stabilize the soil and made 
Ivered with a gelatinous layer of blue- it easier for higher plants to germinate ; 

algtr mixed with diatoms and bacteria, and so herbs and grasses, shrubs, and finally 
^ which a number of mosses and eleven trees, came in in their due order. It would 
kinds of fern were growing, some of them be difficult to find a more striking example 
abundantly. These had all been brought of long-range colonization and slow succes- 
h\ the wind in the form of tiny spores, sional development. 

In addition, there had appeared a few species After the grand, the little. The same 

of flowering plants, some from wind-borne colonization, the same succession, will be 
seeds, some from seed floated in to shore seen in a half-pint of boiled hay infusion, 
bv (^ean currents. The ferns and the First come bacteria, their ubiquitous spores 
flowering plants were all growing as isolated settling into the liquid from the air. Then, 
scattered individuals, and there were no once these have turned the organic matter 
shiiibs or trees. of the hay into food fit for animals, there 

Ten years later, a second visit showed the appear tiny infusorians like Paramecium, 
flowering plants in the ascendant : fifty and finally predaceous protozoa that eat 
species of them had arrived. In various their vegetarian brothers as tigers eat deer, 
places the ferns and flowering plants had This succession has no permanency about it ; 
closed their ranks to cover the soil. Inland it is living on the food-substances put into 
were stretches of a regular jungle of tall the water by man, and all the teeming life 
kTasses ; and along the shore a character- comes to an end in starvation, death and 
istic community of straggling beach plants, decay, unless green plants (in the form of 
Shrubs were scattered here and there, and single-celled alga;) manage to gain a foot- 
a lew rare trees had taken root. But there hold. This they can only do at a particular 
Has no indication of anything that could be stage ; but if they succeed, they pave the 
called forest. way for a new phase of development, with 

Finally, in 1906, twenty-three years after quite different sets of inhabitants, which 
ihc eruption, a party headed by Professor * finally leads up to a balanced, self-supporting 
Ernst visited the islands. They were now community of microscopic plants and 
file home of a rich vegetation. All along animals. 

fhe shores a strand-forest had grown up, Recolonization like that of Krakatoa is 
with several kinds of figs, and abundant seen whenever a jungle clearing is left to 

coco-nut-palms, many of them with ripe itself, though here the reproduction is partial 

; and there were patches of a different and regenerative, not coinplete, since by 
bnd of forest here and there in the ravines no means all the normal life of the area is 

the interior. Over ninety kinds of destroyed, and only the later stages of the 

owering plants and fifteen of ferns were community’s development have to be re- 
iscovered ; and not only were there abun- formed. In some parts of Burma, the people 
mosquitoes, ants, wasps, birds and clear and cultivate patches of forest for a 
but lizards had reached the island, few years, and then, when the soil s ferity 
including a three-foot monitor. is exhausted, move on to new regions. 

^ spile of its luxuriance, the plant-life In a brief space, the clearings are swallowed 
not yet developed into a scries of typical up again, silently and inexorably, by the 
ties, each with its own few dominant primeval jungle. Air-photographs show 
^cics. New species were still arriving, and various stages in the process. In one place, 
kinds of plants to be found on ncigli- a few trees are invading the edges of the clcar- 
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ing like dots of mould on a piece of bread ; 
in another, a clearing is half devoured ; 
in yet another, it is covered entirely, but the 
forest has not yet assumed its normal 
character ; the full typical rain-forest 
eventually resumes its sway as if man and his 
works had never been. 

The speed with which development of this 
sort proceeds, especially in its early stages, 
is truly remarkable. Let us take a recent 
example. During the War, the sea was 
deliberately let in over large stretches of 
Belgian land near the river Yser (including 
some of the richest agricultural land in the 
country), in order to prevent the German 
advance. By the time peace came every 
land-plant had been killed off, and the sea- 
life had made great progress in taking over 
the territory thus made available for it. 
But in 1918 the land was drained again, and 
the lost district restored to land-life. The 
wet soil began to dry ; meanwhile, salt- 
marsh plants colonized it and helped to 
loosen it with their roots and to fertilize 
it with their dead bodies. Only a year 
later, most of it was covered with a rich 
crop of grasses, asters and other plants, 
and after three years only the skeleton shells 
of barnacles and mussels here and there on 
fences and posts made it possible to believe 
that the whole countryside had so recently 
been covered by the sea. 

I’hc actual steps by which the normal 
world of life is rc-estaljlished have bc'^n 
carefully worked out in a great many cases, 
and we know now almost as much about 
the details of ecological succession as we 
do about the development of individual 
plants or animals. Those who arc interested 
in the subject can pursue it in such books as 
lansley’s Types of British Vegetation or 
McDougall’s Plant Ecology. We must confine 
ourselves to a few illuminating instances. 

Here and there on the shores of the Great 
Lakes of North America, the accumulation of 
dry sand provides bare areas for life to 
colonize. How it does so has been carefully 
studied on the Indiana shores of Lake 
Michigan. Sand brought by the waves 
dries in the sun, and its surface layer is 
blown off by the wind. Great strips of 
white lifeless sand accumulate, and may be 
heaped up to form dunes, dry on the surface 
but moist below. Only a few exceptional 
plants can colonize such an area ; they 
must be able to do with a miserably low 
allowance of the mineral ingredients needed 
for plant growth ; and they must be peren- 
nials and able to bind the sand with their 
roots so as to prevent the dune moving slowly 
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along with the prevaUbg an,! 
whelnung its plant inhabitan.s , . f"'* ^ 

The sand-grass Ammophila and /k! 
wood are among the few 
manage this. Sometimes the dune “"I 
fast and runs away from tlu lr^ 
and aU the pioneers are ov LTI 


other grasses and plants like the wild 
are able to come in and thi ’ 
original deficiencies of the 


ive now that the 
— Siiric] havf' 1 
to some extent corrected by manuring J 
the decayed leaves and roots of the ni™/ 
After them bushes like junipers and ,1,^ 
can get a footing. 

When dunes get out of hand, their movrJ 
ment gradually slows down as they get farihJ 
from the windswept lake shore, and a.J soo,, 
as it drops below a certain speed they aiH 
“ captured ” and immobilized by 
the capture usually proceeding up froiri ihe 
base of the sheltered Ice slopes. The captun 
of dry dunes is effected by the same sand-grassj 
and wormwood series of plants which ur 
have just mentioned ; but where there die 
damp depressions in the sea of dunes, ih, 
pioneers arc rushes, willows, and cotlnn-i 
woods. 

Eventually, however, the dry parts of ilir 
dunes grow moister, and the wet depressions 
grow drier, as plants live and die in them; 
the pioneer vegetation then gives pLuc to 
another set of plants — Solomon’s seal, horse- 
mint, golden-rod and other familiar flower- 
ing plants, with shrubs like dogwood and 
bearberry, and soon a few pine-trees. 'Ihe 
soil is now rich enough for more exij^em 
kinds of trees, often black oaks. New shrubs 
and herbs follow the trees ; the soil grn\^s 
richer. Red oaks succeed the black oaks 
and, finally, when a thick layer of humus 
has been formed over the dune, suitar- 
maple and beech gradually replace the 
oak, and persist indefinitely, unless man 
interferes. And, of course, each stage m 
plant-succession has its own animal inhabi- 
tants. 

When the first white men came to Indiana 
they found this beech-maple forest in posses- 
sion of the country wherever conditions 
were favourable. It was the fullest hna 
expression of vegetable life in the region 
To-day we see this same life-coinmumb 
reproduce itself, in the space of a few score 
years, by the conquest of new-formed aru 
barren land. r 

In th^s story there are two or three 
special ihterest. The first and rnost fun 
mental is that each life-communit\ is some 
thing which develops. What wc luive ne 
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hoiii liitheito are for the most part with their feet in the water — bulrushes, 
Stages of development, called arrowheads or pickerel weeds— and often a 
only / ecologists, and corresponding marshy zone with sedges and irises making 
the adult phase of transition to the real dry land. The plants 
rM lal's life. But for a climax phase, grow and die, their remains accumulate, 
gpindivi ^ prairie, to come into they help to silt up the pond. Thus, the 

^V^must have passed through a whole water shallows, and the zones move in 
tk'vclopmental stages. And just towards the centre. Presently the central 
in individual, reproduction must be zone is crowded out altogether, then, in 
^ * le structures like egg or spore or the course of a few years, or scores of years, 

whose development into the adult the next, and so on — unless man interferes — 
gernniu g^^pg Qf increasing compli- until the whole pond has become dry land, 

so the pioneer group of organisms at first wet, then drier and eventually fit 
r-^'^”hich alone the life-community can for trees to grow on. 

'duce itself is much simpler than the We have already seen that the most 
])hase. It contains many fewer unpromising dunes of bare, dry sand are 
fcirs ■ they are never big like trees, and made progressively richer and wetter by the 
indeed, very small ; and they make accumulation of humus, until they too will 
U dernands upon Nature and so can get grow trees. The same is true even of bare 
Tin spite of poor soil. rock. Lichens are here the pioneers— 

In the developing single organism, each first the ones like thin crusts, and then, when 
nhasr is its own executioner, and itself these have disintegrated the surface a little, 
biin?s a new phase into existence, as when the leafier ones, together with a few mosses, 
ihr t^fidpolc grows the thyroid gland which These plants catch a little dust and debris 
1^ destined to make the tadpole stage pass and so start the rudiments of a soil. Other 
juny in favour of the miniature frog. And mosses now come in, and a few grasses; 
in the developing community of organisms, and flowering herbs soon follow. Each 
ili( same thing happens— each stage alters addition to the population accelerates the 
Its own environment, for it changes and rock’s disintegration and helps in forming 
.ihnost invariably enriches the soil in which it soil. Bigger herbs like golden-rod and shrubs 
liM's ; and thus it eventually brings itself like blackberries can now invade the place, 
to an end, by making it possible for new and eventually the coating of humus is 
iiiids ol plants with greater demands in the thick enough for true-seedlings to take root, 
wav of mineral salts or other riches of the And so a rich woodland has taken the place 
soil to nourish there. Accordingly bigger of dry, bare rock-surface, 
and more exigent plants gradually supplant The way in which quite different develop- 
the early pioneers, until a final balance is ments from wet and dry beginnings may 

reached, the ultimate possibility for that converge to produce the same adult phase 
(iimaie is well shown in some of the middle-western 

Another point is that, whether the sand States, such as Indiana, where all vegetation 
"as colonized when it was too dry or too is destroyed in the process of surface coal- 
"rt for most plants, the eventual result mining. The mining operations convert 
"as the same — beech and maple forest, the area into a series of ridges and furrows, 
fins is but an example of a general rule — - the ridges anything up to thirty or even 
that the general course of community- forty feet high ; and these bare strip- 
development makes dry environments lands ” are usually left to themselves, 
fnoister, and moist environments drier. The bottom of the furrows are wet, and 
Len where development starts in the water, may contain standing water ; the tops ot 
is headed towards forest or whatever the ridges arc drier than the neighbouring 
(he normal climax of the region may be ; country. Although the wet furro\vs begin 
water-plants are all the time choking their development with bulrushp and water- 
their watery homes. We have already plantain and cocklebur, and the dry ridges 
an account of the zones of vegetation with white melilot and asters, sunflowere, 
'Ij^t characterize a large pond — floating and ragweed, both will end up, often in the 

P often microscopic, in the centre, short space of twenty-five years, m woodland 

wliolly submerged plants like pond- typical for the region, consisting mainly 
''eeds, then plants like water-lilies and of sycamore, elm, and honey-locust. ^ 
^ter-crotvfoot, that send their leaves and Many other examples could be given ; 

up to float on the surface, then the but the principles remain the sarne. Litc- 
P that, as it were, merely wade or paddle communities develop ; they develop irom 
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slight beginnings, and become progressively 
richer because each set of invaders paves the 
way for another, which grows more richly 
because it makes greater demands on the 
soil, And however they begin, they tend 
in any one region towards the same stable 
climax. 

This stable climax may not always be 
reached. It is the potential end which 
the climate of the region permits to its 
life-communities. But other factors may 
step in and prevent the potentiality from 
being realized. Though a pond will silt 
up in a comparatively few years, a lake 
may take immeasurably longer. Steep 
slopes and unfavourable soils, too, will ' 
retard or prevent the appearance of the 
climax stage, as absence of iodine in water 
will prevent newt-tadpoles from turning into 
newts. Perhaps most important of all, 
animals in general and man in particular 
may prevent the normal , climax from 
appearing. In a later section we shall see 
how rabbits may turn woodlands into 
close-cropped grass-heath. Darwin found 
that cattle, by eating down the seedlings, 
prevented the heather commons of Southern 
England from achieving what ought to be 
their last stage in development and becoming 
pine-woods. And it seems almost certain 
that the lovely close turf of the English 
chalk downs is not Nature’s climax, but a 
substitute, induced by man’s clearings, and 
his sheep’s croppings, for the more natural 
final phase of beech-forest. 

We have spoken mainly of plants in this 
section. This is because animals usually 
follow the lead of plants. Plants must 
be the pioneers in exploiting the environ- 
ment ; and the final climax generally 
takes its main character from the plants 
which succeed in becoming dominant. 
One has only to think of the difference 
between a pine-wood, a prairie and a peat- 
bog. The animals of a community are not only 
dependent upon the plants for food, but their 
whole existence is modified by the character 
of the vegetation. It is hardly too much 
to say that while the effective environment 
of plants is provided by inorganic nature, 
the effective environment of animals is 
provided by plants, 

*An equatorial rain-forest owes its very 
existence to the intense light and heavy 
rain of the tropics. But the animals which 
live in its shelter receive very little light — 
less, indeed, than those of the arctic tundra ; 
and though the ai , is damp, there is often a 
shortage of liquid ater. It carries a special 
climate within itself. Furthermore, the 
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forest provides a special mechanical cnv 
ment It encourages animals 
climb and swing from branch to til'll 

In the sea, where the main store ofnU J 
life is floating and mierwopic, and aS 
often fixed and plant-like in their noT 
this primary importance of trees and v 
tation docs not hold ; in coral reefs *^3 
instance, the main lines of dcvelopmJ 
are based upon the succession of differen 
kinds of corals, and the character of the who! 
community is given by the coral-climaj 
which provides effective environment 
only for other animals, but for many 5 
weeds, large and small. 

The facts of succession help to make deal 
a point of some general interest. Th| 
biologist is often asked why primitive U'p 
survive alongside of those that are mord 
advanced, why they did not also evolve! 
I’he answer is really clear enough. DurinJ 
the course of evolution the more advances 
types came into being in a world prepared 
by the life that had gone before. But the] 
still need that preparation. They can onlJ 
be large, strong, efficient, by making peal 
demands upon their environment 'ihl 
higher plants upon the soil, the highef 
animals directly or indirectly upon thl 
higher plants. A tree cannot grow on harJ 
rock, nor a sheep subsist on blue-green algrl 
Many of the primitive forms of life survivJ 
by taking advantage of the less htvourablq 
kinds of environment that are always being 
brought into existence. Their ow^n activity 
paves the way for their own supersession 
by higher types ; but meanwhile their 
ubiquitous spores and germs have colonized 
other poor environments. Life exists by 
exploiting its environment. Cornpetiuoij 
forces a division of labour upori it. Thd 
environment is most fully exploited whej 
each nook and aspect is worked by its ovw 
particular kind of life. And so, beside* 
creatures adapted to secure the riches < 
Nature in the most specialized and emciei^ 
ways, we should expect to find typcJ 
which are adapted to her poverty— ;to barren 
and out-of-the-way environments like caves, 
to unconsidered nooks and crannies mne 
environments, to times and seasons when 
dominant plants are not at work, ana 
temporary opportunities in the environrnen , 
such as those we have been describing! ^ 
the feeble can thrive but the powerful not y • 
And dfe the whole the creatures adapte 
these poor holes and comcre of space 
time arc creatures of^jrimitivc types. 
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. fvct of succession has some 
importance. In general, the 
-^j.tation of a region is the most 


latui 

iixi 

nay 


nt tJiat it can support. There are 
jjons on oceanic islands, because they 
^never l^avc received the best comple- 
‘"' t nf olants. There are also exceptions 
to the fact that Nature has hitherto 
t orodiiced the most efficient kind of plant 
I ihe environment. The Lower Devonian 
ds fill 0 forests because no 

L had yet been evolved. This sort of 
hini? may still happen. Of recent years, 
^remarkable grass has appeared which can 
fcrowon the fresh mud-flats of estuaries and 
Lbours and cover them with rich vegeta- 
Hitherto such mud-flats have re- 


iral vcgel 


gained bare. _ ^ n , 

The grass in question is called the rice- 
trass, Spartina townsendii. It appears to be 
1 natural hybrid between a native European 
[pecies and one brought accidentally to 
Europe from America about a hundred 
ears ago. However produced, it spread, 
ilowly blit steadily, from bay to bay and 
cstuan' to estuary, converting mud into 
tneadovv. The botanically remarkable fact 
atwut it is that it takes the ground it covers 
to an ecologically higher stage of develop- 
ment. As Professor F. W. Oliver ,says : 
“These bottomless muds, though they stood 
empty of vegetation and invited colonization, 
probably for thousands of years, found no 
jlant capable of solving the problems of 
nvasion and establishment till Spartina 
townsendii came and made light of the task.” 
And the practically remarkable fact about 
it is that it provides the only case known 
d a plant which spreads rapidly and is not 
a pest, but a benefit, to man — up to the 
present at least, for it is on the cards that 
It will eventually begin to choke up harbours. 

In the first place, it makes new land, 
^nd in the second, it provides a valuable 
ttop. Round its plants the level is raised, 
in place of mud, in which men may get 
^gged and even disappear, firm saltings 
develop. In place of a bare surface there 
?row fields of tall green grass, three feet 
more in height, eagerly sought after by 
^ stock and capable of being made into 
^’fcelleni hay. It may even prove possible 

1 maritime and with no great 

,3nd-hunger, do not particularly encourage 
seal Dutch arc using it on a large 

bv y 1 ^ * poldcring ” — making new land 
planted in the 
tnf. 1 ’ ^ ^ apart. Iii three years the 

have covered the mud, in six 


years they all coalesce to make one meadow, 
with a surface about two feet above that of 
the original flat. Spartina townsendii will 
help Holland to accelerate very considerably 
her struggle to reclaim land from the sea. 

Gould man but find a plant which would 
do for fresh-water bogs what the rice-grass 
can do for seashore muds, enormous areas 
of land, especially in the tropics, could 
be quickly and cheaply made fertile. With 
the rice-grass before our eyes, we can go on 
experimenting with reasonable hope of 
success. 

The rice-grass thus takes maritime muds 
to a new stage of development. This is an 
exceptional type of human interference in a 
life-community. In general, the normal 
wild state of affairs is the highest, and when 
man interferes with vegetation he usually 
keeps it from attaining its natural climax. 
The major part of temperate Europe 
and North America should by right of 
nature be forest ; the great stretches of 
grass and heath that exist there to-day 
owe their existence to man’s activities in 
tree-felling and cultivation and in en- 
couraging grazing animals. The grassland 
of the English shires is only waiting to 
become woodland again, but the grassland 
of the American prairies is grassland in its 
own right — the ground is not wet enough 
to develop naturally into forest. Only 
when man supplements nature, as when he 
irrigates the desert, does he carry the climax 
a stage higher than normal ; and even 
then he may find the task harder than he 
imagined. 


§ 5 


The Grading of Life^communities 


In our last section we have traced out 
the way in which a typical life-community 
develops from small beginnings up to the 
climax which is its normal completion. 
But in different regions the kinds of climax 
differ. In many parts of the world’s 
land-surface the adult stage, so to speak, 
towards which all other arrangements of 
living things are tending, even if they are 
tending thither so slowly that they never’ 
actually reach it, is forest. In other words, 
the dominant plants of the climax arc 
generally tall trees. Where the climate is 
not suitable for trees to dominate all smaller 
plants and form a forest, other types of 
climax occur ; and in this way life is zoned 
over our planet’s surface. The broadest 
zoning is the zoning by latitude. The normal 
climax of equatorial life is the typical rain- 
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forest, green all the year round, with a 
multifariousness of splendid trees instead 
of one or a few dominant species. In 
monsoon districts, where rainfall is heavy 
but intermittent, the forests cease to be 
evergreen ; they drop their leaves in the 
dry season. As we pass north and south 
towards the sub-tropics the amount of 
rain falls off, and the trees, unable to find 
sufficient moisture if they close their ranks, 
have to relinquish part of the soil to scrub 
and grasses. Dominance must be shared 
between them, and the result is the beautiful 
climax we call savannah-forest, where clumps 
of trees are dotted about with broad spaces 
between, as in a park. 

With increase of latitude, we enter the 
world’s two desert belts. We come into 
a region not only of lesser heat, but, under 
existing geographical conditions, of desicca- 
tion. The trees grow sparser, smaller, 
thornier, often with tough leaves. The 
African thorn-scrub is of this zone. As 
regions of less and less rainfall are approached 
the vegetation finds it more and more 
difficult to suck up the moisture it needs, 
and eventually the small plants, obeying 
the same necessity which overtook the trees 
long before, are forced to break their ranks. 
No longer is the surface of the ground 
completely covered with vegetation. The 
life-community, in the language of ecolo- 
gists, is no longer “ closed,” but “ open ; ” 
the lack of moisture has become a limiting 
factor and prevents life from fully exploiting 
the other resources of the soil. 

The desert often passes over into steppe- 
deserts, steppes, veldts, and bad-lands, where 
the rain — small in amount and falling mainly 
in winter — usually only suffices to support 
an open community of grasses and shrubby 
plants like wormwood and sage-brush. 

As we pass farther polewards we reach, as a 
general rule, wetter country again, and the 
open communities of the true steppes give 
place to the full grassland of the grass plains, 
the prairies and the pampas, where vege- 
tation once more covers the earth. All 

gradations occur from the short-grass 

plains that are only just closed communities 
to the tail-grass prairies whose plants are 
bigger and have deep-penetrating root 

systems. 

These grasslands, open and closed, arc 
for the most part found inland. Near the 
coast in the same latitudes climate is rather 
different, and generally allows a different 
climax, a climax of scrub or even forest. 
The rain falls mainly in the winters, and 
the plant’s growing season is dry. Accord- 
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ingly the trees of such sub-n 


w^-temperate forests are'adSSo^l 
rainfaU by being evergreen and 1 H 
tough, leathery leaves. The cliapaiaH 
Texas, the maquis scrub and the for-., 
Aleppo pine and other conifers in v?. ' 
parts of the Mediterranean region 7 
Spanish woods of cork-oak and holm-oak “ 
forests of Southern California and soutW ^ 
Australia are examples. One 001.7^* 
ot history is the cutting ^ 


warm-temperate forests 


down 


theJ 


of the Mediterranean basin, as in Dalmatia^* 
green hillsides have given place- to naked 
stony rock, perennial streams have turnedint. 
intermittent torrents, and the climate ikpljl 
has been altered for the worse, h, the] 
last few years, however, a determined eflou 
has been made to restore this coast to u| 
pristine wooded state. 

North and south of these dry, warm- 
ternperate regions we come generally to 
moister warm-temperate climate. Here 
deciduous trees like beech and oak, mapli 
and ash, locust and chestnut, walnut and 
sycamore, are the usual dominants. Whrrci 
soil is poorer, however, or rainfall less abun-l 
dant, evergreen conifers can do better, andl 
they give us pine forests such as those ui| 
Scots pine or Austrian pine in , Europr 
long-leaf and loblolly pine along so mudi o 
the south-eastern coastal plain of the 
United States. 

Conifers reappear again polew^ards ol the 
main temperate zone. They encircle the 
whole of the northern hemisphere. An 
almost unbroken belt of them, four hundred 
to eight hundred miles wide, stretclics loi 
over five thousand miles from Scandina\i 
to the Pacific. In Siberia it is called taiga 
but elsewhere, strangely enough, it has 
earned no special name. And a second 
huge forest of the same type covers the Norili 
American continent from Labrador w, 
Alaska. Sometimes such a forest is all ot] 
fir, dense and gloomy ; but deciduous trees 
like birch and alder may break the inhospu- 
able monotony. Firs, however, arc the 
dominants. Yet this does not mean that the) 
find themselves here in the most Itiyoura r 
conditions, for spruce from sub-arclic Nor i 
America grows much larger and better when i 
transplanted to the milder climate J ' 
Scotland. It only means that, in the 
for existence, they can survive where ot 
trees with greater demands fail. IhyV 
not in^ny perfect adjustment with their 
very attractive environment, but they 
better adjusted than any other trecb. 

Towards the north (there is 
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. in the south, owing to the to examine at his leisure— we are making 
ol land and sea) the forest thins a beginning with a quantitative mapping 
t IS die very different tropical forest of the sea’s vegetation. A century hence 
mil towards the desert region, the maps of the world will in all probability 
ni) longer grow where the sub- have diatom-belts marked on all the seas 
n all the year round ; they as they now have vegetation-belts marked 
■ die dwarfed and stunted, and on the lands ; and a knowledge of these 

illy disappear, leaving only the arctic will be of great help to fishermen, and to 
['^l.en‘ginuiids, with their permanently whalers— if human improvidence and the 
subsoil, to which the name tundra is absence of a cosmopolitan control of the 
Dwarf and creeping willows, grasses sea have by that time left any whales. 

^ ^srd^rs, arc the chief among the tundra’s This is grading on the grand or planetary 
hdier plants, though bright flowers are by scale. But there are other kinds of gradients. 

niieans absent, and saxifrages and butter- Altitude, for instance, proves a very good 
I'L ( jinpions and pale yellow arctic substitute for latitude. We can start at the 
Jnpies and many other lovely plants, often equator in the Congo rain-forest, and by 
^ou( h(^d on the soil in cushions and rosettes, the vertical ascent of less than three miles 
siu the sunnier places during the short two to the peak of Ruwenzori, reach the same 
, 1 , ihiff months’ summer. Lower types of lifeless cap of snow and ice that we should 
plants like mosses and lichens are here have had to travel more than five thousand 
relatively more abundant than anywhere horizontal miles northward to find in the 
ek ill the world, and may actually dominate mountains of Spitsbergen. And in our » 
ili( tundra’s more vigorous regions. The ascent we should have passed through belts 
Keindeer moss,” for instance, which is of vegetation almost as diverse as in that 
lealK a lichen, may extend almost unbroken long, horizontal poleward stretch. Above 
n\oi i^ricat legions of the American barren- the tropical forest, park-like savannah- 
auiinds, often growing six inches or a foot forest, with richer, greener vegetation in 
Ink] the stream-gorges ; and here and there bare 

And finally, before life is made wholly and grassy stretches treeless. Then, as the 
i iiiipobsible by perennial snow-fields and ice- cool and the mountain rains begin, a queer 
(aps. cold does what drought did in the forest of tree-heathers, all festooned with 
ri(srit belt : it breaks the closed ranks of hanging moss. Above that, again, a still 
lb plants. When conditions become too queerer forest of groundsels and lobelias 
cMrniic it is only here and there that plants grown to the estate of trees, looking not 
can grow at all— where a slope faces south, like any familiar terrestrial trees, but trees 
'dietc a patch of good .soil has managed to produced by some other planet. This gives 
accumulate, where snow is off the ground place to mountain meadow and this gradually 
iong enough for plant-life to run a segment to a true alpine flora, nestling in isolated 
"f iis course. Between the tundra and the tufts among the rocks. And above this, 
■'(-iieids in Greenland and other arctic rocks and ice and snow untouched by life. 

I' Hioiis there may be such a zone, with a Gradients in moisture may occur within 
puoi plants in a desert of stones ; and a single climatic region, according to the 
‘tie antarctic continent nowhere knows any lie of the land. There is such a gradient 
nchci vegetation than this. from every marsh or pond to the solid 

, ^Vc have so far spoken of the zones of land around it, in every valley from the 
‘‘k‘ on land alone. This is not because the moist bottom up to the drier slopes. In the # 
Jiiading of life is less important in the sea, margins of salt lakes there is a gradient 
’’I'l because we know less about it. We in salt-content of the soil, just as there is in 
*"‘o\v that floating life is in general less salt-content of water between sea, estuary, 
'‘^''inclant in warm waters than in cold, owing and river, or, in some inland seas like the 
lo high temperature reducing the Baltic, between one end of the sea and the 
■‘niouni of carbon dioxide in solution in the other. There is a gradient in the amount 
"'‘rlacc waters. But recently, thanks largely of sunlight as we pass round the shoulder 
'111' invention by Professor A. C. Hardy of a hill from south to north aspect, or as we 
automatic plankton-recorder— an pass down from shore-level to deeper water 
which can be towed through the in lakes and oceans. And there arc other 
behind a ship, and which traps and gradients in the environment— gradients 
all the little floating organisms in amount of oxygen dissolved in water, 
P-idi and rolls them up neatly in order in acidity or alkalinity of soil, and so forth. 

^ of gauze for the investigator Each and all of these minor graded changes 
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in the environment are reflected in its living 
inhabitants, just as definitely as the vaster 
change between equator and pole. And 
the change is always reflected in the same 
way — by a gradation of life-communities. 
Round the shores of the Great Salt Lake, 
for instance, there is first a barren flat, too 
salt for any plant ; then a zone of one species 
of glasswort, capable of tolerating two and 
a half per cent, of salt in the soil, then of 
another, more luxuriant species. Two or 
three further zones of shrubbier plants follow, 
until at a sufficient distance from the lake 
for the salt-content to have fallen to about 
one-tenth of one per cent., sage-brush 
becomes luxuriant. The most familiar 
examples of such gradations are that 
between water and dry land on the seashore 
or round the margins of a shallow lake 
or pond. 

In every case, whether each grade 
extends for several hundred miles, like the 
prairie, or for a few feet, like the belt of 
bulrush round a pond, a striking fact is 
to be noticed. However gradually and 
continuously the environment may change, 
the change in life is always more or less abrupt. 
Each belt of life is on the whole uniform, 
often remarkably uniform for most of its 
extent, and then in a short distance it 
makes a sudden transition to another and 
often markedly different belt. The cause 
of this is competition. If one kind of plant 
can do better than others in reaching up 
to the light, it will succeed, and the others 
will fail. This is why in each community 
there are one or a few dominant kinds of 

E lants. Success in this kind of competition 
;ads to dominance ; but failure means not 
mere subordination, but complete or almost 
complete banishment. As long as the 
dominant species can hold their own, they 
can dominate. But when conditions change 
a shade further, they must give place to 
other and altogether different kinds of 
dominants. That is why there is generally 
such an abrupt change from woodland to 
prairie, or from one kind of seaweed to 
another on the seashore, why marsh-plants 
give place so suddenly to the bulrush zone 
round a pond, and why the timber-line 
is so sharply marked on a mountain. And 
in this way, since animals follow the vege- 
tation, the rivalries of plants translate the 
sloping gradient of the lifeless environment 
into a staircase of life-communities. 

Thus, with sufficient knowledge and 
patience, wc could make a map of the 
whole world showing the distribution of life- 
communities as it was at a particular instant. 
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But, as wc were at pains to point out 
the last section, it is not enough to 
of life-communities in this fixed and sull 
way, for they are continually char 
For one thing, they themselves are oftw 
reacting on their own environment, and % 
bringing about that community-dcvelopmentl 

we call succession, up to the climax which » 
in equilibrium with itself. And for another 
the environment itself is changing. Sea 
and land shift their boundaries ; erosion 
levels mountains and builds plains ; the 
belts of temperature move slowly up and 
down over the earth's surface as a glacial 
period or a dry spell comes and goes* 
and with such changes the life-coramuniiics 
must shift their boundaries too. 

As Elton says : “ If it were possible for 
an ecologist to go up in a balloon, and stay 
there for several hundred years quietly 
observing the countryside below him, hi* 
would no doubt notice a number of curious 
things before he died, but above all he would 
notice that the life-communities appeared 
to be moving about slowly and deliberately 
in different directions. The plants round 
the edges of ponds would be seen marching 
inwards towards the centre until no trace 
was left of what had once been pieces ( 
standing water in a field. Woods might 
be seen advancing over grassland or hcatlis, 
always preceded by a vanguard of shrubs 
and smaller trees ; or in other places they 
might be retreating, and he might see 
even from that height a faint brown scar 
marking the warren inhabited by the rabbits 
which were bringing this about.” 

If he stayed up long enough and reflected 
sufficiendy hard on what he saw, he would 
begin to draw some interesting conclusions. 
He would realize, for one thing, that the 
transition from one life-community to another 
in space usually corresponded to an actual 
replacement of one by the other iri time. 
The mapping of the gradation of life-coin* I 
muni ties gives a spatial picture of succession. 
That is clear enough with the belts of vege- 
tation round a pond ; they move inwards, 
each one replacing its more central neigh- 
bour, until all but the outermosh 
spread over the whole area, have disappeare • 
And he would realize that there is 
essential difference whatsoever between tne 
narrow rings of life round a pond and t 
broad rings of life round the globe. 1 
both depend on gradients in outer conditions- 
The sjgle difference is this. The one is no 
merely gradient on a small scale, but on 
which natural forces, both ^osc of 
those of lifeless matter, tend "to roll out > 
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,hf other, however, is not merely on a large 
j - Mp but is determined by agencies outside 
scope of any changes in itself— by the 
shape of the world. The one is 
^ntiallv temporary, the other essentially 
hcnnanciit Even so, the succession of 
Staines round the pond may be interrupted and 
jft back, as when a succession of wet years 
f]^x)ds the margins and reverses the normal 
development. And if you like, you can 
think of ec[uatorial forest as the climax 
comnmiiity of the planet as a whole, 
towards Ns hich the life of all other regions is 
disposed to tend, though checked in its 
approach by limitations of warmth, of 
water, or of soil. ^ 

If our ecological observer could have 
stayed .doft during a geological period or 
two at the beginning of the Mesozoic Era, 
from the cold dry beginnings in the early 
Trias A i) to the warm moist uniformity 
ofiiic late Jurassic (IV B 3), he would have 
witnessed the world’s life-zones narrowing 
jiiuards round the poles, just as the bordering 
pi, lilts round the pond encroach upon the 
water : and he might have been pardoned 
i( he had thought that the process would 
toniinue until the whole world, poles and 
all, was one climax forest. 

However, there must always remain a 
suilicienl difference between pole and equator 
to kecf) life zoned by latitude ; and there 
must always remain land, high and low, 
and sea, shallow and deep, to maintain 
the complex set of gradients which arranges 
lile in a series of belts, from mountain to 
plain, a( nrss the sharp transition of the shore 
and clown more slowly again to the abyss. 
Ihesci* two gradients arc permanent features 
of our world ; all the rest are temporary, 
and tend sooner or later to obliterate them- 
selves. 

The re is another way in which the little 
i^irrors the big. The same competition 
whicli results in the comparatively speedy 
development of ecological succession results 
‘dso in the portentous slow development of 
oliuioiiary succession. A landslip or man’s 
destructive hand uncovers a patch of the 
jare ( arth, or impounds a body of barren 
; it is colonized by a succession of 
communities, and in a few decades is 
>vith rich life again. The whole 
both land and sea, was once free of 
' c ; and aeons later all the land was still 
K'cat bare patch of earth and rock, 
im the seas, and then, the lands were 
^*oiii/ed. In both there has been a suc- 
tion of faunas and floras, each one on the 
«ole exploidftg the environment^ little 
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more effectively than the one before. 
Evolution is a slow succession of a series of 
ever new and ever improved communities 
towards a still unreadized climax. The 
most up-to-date of life’s existing com- 
munities are still very wasteful in their 
exploitation of the world’s resources. It 
remadns to be seen whether man, with his 
deliberate aim at a higher efficiency, his 
replacement of the hitherto dominant tree 
by his own cultivations and . devices, will 
make a mess of things and fail, or will 
succeed and hold on from climax to climax. 
If he fails, the forest will return. 

§6 

Food-chains and Parasite-chains 

Now that we have discussed the develop- 
ment and distribution of life communities, 
we can return to the details of their interplay. 
Green plants draw their supplies from 
lifeless and universal sources ; animals must 
live on other life. So it comes about that 
different kinds of animals will be at different 
removes from the prime source of food ; 
and one of the characteristics of the animal 
part of every community will be its organiza- 
tion in the form of subsistence-chains. A 
subsistence-chain is a series of creatures, each 
living on its predecessor in the scries. 
There are two main kinds of them, food- 
chains in the ordinary sense, in which the 
predecessor is devoured, and parasite-chains ; 
and of course there may be subsistence- 
chains of mixed type, of which both devourers 
and parasites arc members. The general 
rule is for the members of food-chains to 
get bigger and bigger as they get farther 
from the chain’s original starting-point, 
while in parasite-chains we find the opposite 
tendency, each link is likely to be smaller 
than the one before. 

I'he starting-point of a food-chain is 
normally among green plants, but from one 
and the same starting-point many food- 
chains may radiate out in different directions. 
In an English wood, for instance, plant-lice 
suck the juices of the twigs ; these, either 
before or after having fallen a prey to 
spiders, are eaten by small birds like tits 
and warblers, and these in their turn by 
hawks. The same trees may contribute 
to the hawk’s upkeep in another way. 
They drop their leaves upon the ground, 
the leaves arc eaten by earthworms, the 
earthworms by blackbirds scratching among 
the underbrush, and the blackbirds by 
hawks. A different line is started through 
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the seeds of the trees. Acorns and bcech- 
*nuts are nibbled by mice, and the mice arc 
the chief support of tawny owls ; and there 
are other chains running through woody 
branches or stem, to wood-boring insects 
and woodpeckers, through seeds and squirrels, 
through leaves and caterpillars or gall- 
insects, and so forth. 

In the sea, where the single-celled diatoms 
are the main food-producers, the first link 
in the animal food-chain is invariably 
supplied by tiny creatures, very largely 
the little Crustacea we call copepods, but 
also the microscopic larvae of many larger 
animals like crabs and sea-snails and starfish. 
These are generally the prey of little jelly- 
fish, arrow- worms and small carnivorous 
fish, which in their turn usually fall victim 
to bigger fish. 

A carnivore can only cope with prey 
within certain limits of size. Animals 
above a certain upper limit it is not strong 
enough to tackle ; the most powerful spider 
cannot kill rabbits. Animals below a certain 
lower limit it cannot economically make a 
living off : a lion could not live, like a cat, 
by catching mice, nor an ostrich off insects 
as small as those that satisfy a tom-tit or a 
swallow. It is for this simple reason that 
each link in a food-chain is usually bigger 
but not enormously bigger than the one 
before. There are exceptions. The food- 
chain from the diatoms of arctic seas which 
passes through tiny Crustacea, free-swimming 
pteropod snails, and fish may end in the 
body of a gull. But it may have a further 
link tacked on to it ; this is the skua or 
jaeger which, though actually lighter than 
the gull, pursues and terrorizes it until by 
mere blufi' and pertinacity it forces its victim 
to disgorge its last meal. 

The skua, however (save for some depre- 
dations on eggs and young birds), is not 
strictly a carnivore, though it is a link in 
the food-chain. But stoats feed largely on 
rabbits, which arc both much heavier 
and much speedier than they. This they 
do by paralysing them with fear, in some 
way which is as yet not fully explained ; it 
seems, however, that it is the smell of the 
stoat which has this extraordinary effect 
upon the rabbit. Other exceptions are 
apparent only. Wolves are less than a 
quarter of the weight of the deer they kill ; 
but they hunt in packs, and the pack is the 
unit that counts. The extremest case of 
numbers thus making up for size is found in 
the Driver ants ; it heeds hundreds of them 
to weigh an ounce ; but their columns 
number millions, and they will cat anything, 
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however much bigger than ihemsdvK 
that cannot run away, from nunnie, . . 
babies to tethered cattie. 


The best example of an animal feedincr < 
creatures vastly smaller than itself 
whalebone whale. It has skipped several 
links in the chain by means of its special 
sifting device ; but even so its usual prey 
is about an inch long, and the first links 
escape it. All big current-feeders have 
similar devices for accumulating particln 
which would be no use to ordinary caters 
of the same size ,* the outstanding case is 
Tridacna, the giant clam, which, in spite 
of living on microscopic debris, may grow 
a shell five feet across. 

Not only is each animal link in a food- 
chain generally bigger in bulk than its 
predecessor ; it is also much less abundant 
in number of individuals. For the carnivore 
can only live on the surplus production, 
so to speak, of the species on which it preys . 
and also it needs a huge bulk of materi.i! 
to keep itself alive. Percival, in his pleasant 
and informative book, A Game-Ranp\ 
Notebook^ tells us that one lion kills al)oiii 
fifty zebras every year. As this rcprescnis 
only one part of the surplus of zebras vs’lueh 
must be produced to keep the numbers of 
the species constant, it is clear that the 
normal proportion of live zebras to live 
lions must be several hundred to one 
Similarly, two American investigators who 
worked out the biological balance-sheet 
of Lake Mendota in Wisconsin found that 
the single-celled plants which nourish the 
many-celled but still microscopic crustaeea 
and whcel-aniinalcules that make the hrsi 
animal link in the lake’s food-chains, 
together weigh about fifteen times as much 
as the sum of their devourers. And in oui 
previous example, a small wood might 
well shelter but one pair of hawks, dozens o 
tits and warblers, hundreds or tliousands 
of spiders and millions of plant-lice. 

The greatest number of links in a 
food-chain seems to be five, and visua ^ 
it is about three. As an example of a marine 
food-chain, and one of economic importance, 
we give that of the herring, worked on 
by A. G. Hardy. The diagram shows ho^v 
the herring changes its food as it grovys biggc ■ 
But it also shows how the starting-pout^ 
always consists of single-celled P^‘tnts, an 
the first animal-link almost wholly of o 
or another kind of copepod. Ami 
it shows what our readers may 
suspeclingt that the various food-c ^ 
in a community need by no m<’ans 
separaqj, but are linked up together m 
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262. A picture of the food-relations of the herring at different stages of its life-history. 

Ihr u)lul hues point to food eaten directly by herrings; other links in the food~chains are dotted. (i 4 ) The young 
Wiif/j; feeds mainh on single~celled plants^ nauplix and mollusc larup, and small copepod crustaceans. It is eaten 
"1 iflly-Jish, comb-jellies, arrow-worms and bristle-worms (Tomopteris) . {B) During xts next stage it lives almost 

nitirely on small copepods and no longer takes any plants or small larva. It is still eaten by jelly-fish and comb-jellies^ 
kl not by worms. (C) From 5 inches/ its diet is exclusively crustacean but more varied— several kinds of 

ofepods and large crustacean larva, and Mysis. (D) From 5 inches and upwards it eats copepods, large crustaceans, the 
tunicate Oikopleura, pelagic snails, and large numbers of sand-eels. The animals it eats support themselves either 
lineclly or at one remove on various single-celled organisms ^ mostly diatoms {Melosira, Thalassiosira, Guinardia, 
Lktocera^, Nitzschia, Navkula, Coscinodiscus, Rhigpsolenia, Biddulphia), flagellates {Prorocentrum, Peridinium, 
Ceratium), and alga {Phaocystis). {Drawn from the data of Prff. A. C. Hardy.) 


mterlcuin^ meshwork like the chains in a 
j U)at oi chain-mail. 

lo work out all this web of interrelations 
in detail for a whole community is all but 
impossible, even in our temperate regions — 
ift alone in the richer tropics — on account 
nl the hundreds of kinds of animals and 
: plants involved. To achieve anything Uke 
iuch completeness, tl^e ecologist must turn 
to unkinder zones, such as the arctic, 
''Itfrc the numbers of different species 
‘ii'o so few that the food-cycle is reduced to a 
jl'tigran matic skeleton. Even a skeleton, 
"owever, still has a certain intricacy, as we 
ttiay see by a glance at Fig. 262. 

. or two interesting points in the 
of Spitsbergen life may be 
jiotcd. There are no herbivorous mammals 
ttt se\cral herbivorous birds. Otherwise 
plants arc eaten by midges and saw- 


flics, while the place of earthworms as the 
first animal link from dead plant-tissue is 
taken by tlic tiny wingless insects called 
Collembola, together with mites. All these 
tiny arthropods, bef6rc or after going through 
a spider link, are eaten by birds, and the 
birds are eaten by arctic foxes. This store 
of fox-food, however, does not seem sufficient, 
and the hard-pressed cari)ivore is driven to 
supplement it by living at the expense of 
polar bears, either eating their dung or 
scavenging the remains of the seals they kill. 

Another point is that the land is continually 
being enriched at the expense of the ocean. 
All the sea-birds— gulls, auks, guillemots, 
and ducks — get some or all of their food from 
the surface stores of the arctic sea. Their 
dung, rich in nitrogen thus extracted from 
the ocean, manures the ground and helps 
plant-growth. Below one of the great 
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bird-cliffs where (for protection from foxes) 
the nesting sea-birds congregate in thousands, 
plants that elsewhere grow as miserable 
stunted things, one or two inches high, shoot 
up to a foot, the whole aspect of the vegeta- 
tion is changed, and one may fancy oneself 
back in a temperate country. 

Parasite-chains usually link secondarily 
on to some animal in a food-chain, though 
there are abundant examples which take 
origin directly in plants, such as the insects 
which cause and inhabit oak-apples, robins’ 
pincushions and other plant-galls, or the 
trypanosqipes — single-celled protozoa rather 
like the ones that cause African sleeping- 
sickness — that live in the milky juices of 
plants such as spurges. 

As a matter of fact, the majority of 
parasites are not linked up ecologically 
into chains at all ; or, if we like to put it 
so, most parasite-chains have but one link. 
There are no parasites living on tapeworms 
or on malaria germs. But sometimes there 
are parasites of parasites ; and then the 
parasite-chain is a reality. 

In such cases the size of each link dimin- 
ishes rapidly instead of increasing, as in 
the ordinary food-chain. Everyone knows 
Swift’s lines : 

“ So, naturalists observe, a flea 
Has smaller fleas that on him prey ; 

And these have smaller still to bite Vm 
And so proceed ad injinitum.** 

This is, however, an obvious impossibility, 
since a few links would bring us down to a 
size smaller than a single molecule ; and, 
as a matter of fact, there seem never to be 
more than three or four links in such dwind- 
ling chains. 

A two-link chain of sinister importance 
begins with the rat-flea and ends in the 
parasite which it harbours and may transmit 
to man — the bacillus of bubonic plague. 
In the same way parasite ticks have as 
secondary parasites the spirillum of relapsing 
fever. The secondary parasites may of 
course be perfectly harmless ; the intestines 
of many kinds of fleas, for instance, teem 
with perfectly innocuous single-celled flagel- 
lates called Leptomonas. In all these cases, 
numbers go the opposite way to size, as 
they did in food-chains. A common squirrel 
is quite likely to support hundreds of fleas, 
and each flea to shelter and nourish thou- 
sands of Leptomonas, though of course the 
total bulk of flea is only a tiny fraction of the 
bulk of squirrel, and the total bulk of flagellate 
again only a fraction of the bulk of flea. 

Sdme of the most remarkable examples of 
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parasite-chains are afforded by thi parasi, 
hymenoptera, insects which, as we saw 
our section on parasitism, can ecjually well 
be styled internal carnivores, their 
laid in the grubs or even the eggb of oiheJ 
insects, hatching out to maggots which 
consume their prey from within, Mari\ 
kinds of these parasitic hymenoptera are 
themselves victimized by secondary parasites 
(sometimes styled hyper-parasites) belongintr 
to the same group, and of the same uupleasing 
habits ; and these in their turn may some- 
times afford a livelihood to tertiary' parasites 
of the same kind. Since each link may 
nourish parasitic protozoa in its intestines, 
the protozoa of the tertiary parasites make .1 
fourth link ; they are quaternary parasites. 
The insects which are tertiary parasites are 
all fabulously small. 

Parasites and food-chains are sonielimes 
tangled together in an interesting way 
When one link in a food-chain is always 
being eaten by the carnivorous next link, any 
parasites that happen to be aboard are 
generally eaten, too ; and so it is very 
frequent for parasites of a carnivore 
become adapted to pass part of tbeir life- 
cycle in its prey, so as to make certain oi 
reaching the carnivore’s interior again when 
the time comes. So the tapeworm of the 
dog and fox has the rabbit for its secondar\ 
host, the trypanosomes parasitic in tsetse 
flies have become adapted, unfoitunaielv 
for us, to living out part of their cycle in 
the blood of men and other large vci tcbratc" 
while Aggregata, a common protozoan para- 
site of squids and octopuses, divides its time 
between them and their favourite prey, crabs. 

Sometimes there are three stations on the 
journey. The enormous broad tapewonn 
begins life by infecting a tiny fresh-water 
crustacean, passes on to a second stage 
inside a fresh-water fish when this cat.s 
the crustacean, and so on to a mammal 
like an otter, when it eats the fish. Bui 
there may be other effects. The food-chaiii 
is like a railway with one-way traflic , 
and parasites will always be moving clo"^^ 
the line. Squirrel-flea* often hop oil on to 
the squirrel’s enemy, the pine-marten, ana 
have been known to become more or 
acclimatized to life in this new environment , 
most of them, however, seem to die here 
Sometimes this transference has unfortunate 
results for mankind. When human beingiJ 
take a leaf out of the otter’s book and ea^ 
raw fresh-water fish (smoked instead 
cooked) mey may receive a consignment a 

broad tapeworms. A knowledge ol tni! 
one-way food-traffic along food-ch^it^^ 


of 

of 

this 
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hus be considerable service in narrowing 
L\t) the field of inquiry when tracing out 
he missing parts of a parasite’s life-history. 
^ It is ra I her rare for parasites to be import- 
nt independent links in a food-chain ; 
(hey are lor the most part mere extras on 
the menu But there are one or two rather 
interesting cases where they are eaten for 
their own sake. The most familiar example 
is that of the ticks of so many herbivorous 
mammals, which are eagerly devoured by 
birds. "I licy may be merely a casual titbit 
like sheop-ticks in the varied diet of starlings. 
Or they may be a staple, or even the only, 
article oi‘ diet : the African tick-bird seems 
to live solely upon the ticks of big game such 
as rhinoceros, 

^ebra, and 
antelopes. 

One of the 
oddAt cases is 
that old one, 
recorded b y 
H c r 0 cl o t u s 
and long dis- 
missed as a 
traveller’s 
laic, until re- 
established by 
the evidence 
0 f 111 any 
nirieteenth- 
century 
naturalists, of 
the little 
plovei of the 
Nile that 
<■ n t e r s the 
mouths of crocodiles (held gaping wide to 
lacilitaie the bird’s task) and picks off 
the leeches that suck blood from their 
gums. In the Galapagos Islands a similar 
role is played by a scarlet land-crab, which 
picks licks off the big lizards that feed in 
the surf and come ashore to sun themselves. 
And there are the white Paddie-birds that 
hve in the antarctic and in some places 
subsist mainly on the round-worms which 
pick out in huge numbers from the 
droppings of nesting penguins. In winter, 
the penguins move off to the open sea, and 
the ]\\ddies grow progressively thinner, 
tmtil the return of the migrants provides a 
ttew supply of worms* 

§ 7 

Storms of Breeding and Death 

In the last s^tion> wc pointed out that the 
abundance of different kinds of animals 


had a definite relation to their station in 
life, and their position in a food-chain. 
In general, the first animal links in such a 
chain are small in size and abundant 
in numbers, and each further link is marked 
by an increase in bulk and a marked re- 
duction in abundance. But wc said nothing 
as to the way in which this regulated 
equilibrium of numbers was achieved. It 
will be our business in the present section to 
give some account of the checks and counter- 
checks by which the swaying balance is 
kept within limits and of the consequences, 
often spectacular and sometimes 'disastrous, 
which follow when it is upset. 

The first thing to realize is that the idea 


of a balance, albeit always a swaying balance, 
is a true one. The numbers of any species 
depend, on the one hand, upon its rate of 
reproduction and growth, and on the other 
upon its death-rate from accident, enemies, 
and disease, just as the amount of moisture 
in the air is a nicely adjusted balance between 
the number of water-molecules that leave 
the liquid state every minute in vapour 
formi and the number that condense again 
in water. 

Were it not for these two opposing forces 
at work, multiplicative and destructive, life’s 
wer of increase would be overwhelming, 
fore game in Africa was much interfere 
with by man (indeed, up to less than thirty 
years ago), setders in South Africa used 
periodically to be witnesses of the results 
of over-multiplication of that litde antelope, 
the springbok. Trekking from the north, the 
springbok used to pass for days, and several 
hundred thousand might be in sight at 
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Fig. 263. Primitive man observes a parasite chain. 

A carving upon basaltic rock from South Africa, reputed to be between 25,000 and 50,000 years 
old. It represents a white rhinoceros with tick-birds in attendance, even as now. 
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the same moment. One migrating horde 
was estimated to be fifteen miles wide and 
a hundred and forty miles long. As a 
result of the innocent and unrestrained play 
of their natural instincts they were trekking 
to misery and death. 

In tropical and semi-tropical regions the 
red single-celled plants called Peridinians 
occasionally multiply so as to turn the sea 
to the semblance of blood for miles, and 
may even be so abundant as to remove most 
of the available oxygen from the water, 
thus causing the death of thousands of fish. 
A few bafteria introduced into the body may 
in a ten-days’ space have multiplied to a 
population more numerous than all the 
men and women in the world. A few 
prickly-pears introduced into Eastern 
Australia as a botanical curiosity (and for a 
time propagated and spread by a kindly 
Society who thought that cactuses in pots 
might brighten the homes of immigrants’ 
wives) covered thousands of square miles in 
the course of a few years. At the height 
of its multiplication the prickly-pear was 
invading a new acre of Australian land every 
minute of the day, until, as Dr. Tillyard 
says : The vision arose of Eastern Australia 
becoming in about a hundred years’ time 
a vast desert of prickly-pcar, with a few 
walled cities alone holding out against it.” 

But animals and plants very rarely find 
a chance of multiplying like this. For most 
species, the two great checks on increase 
are enemies and disease : enemies are 
generally the first line, so to speak. Epi- 
demic disease rarely steps in unless the 
species has already multiplied abnormally. 
It is the out-pacing of enemy checks which 
accounts for the extraordinary plagues of 
herbivores in different parts of the world. 
Let us give an example or so of the pitch 
that this abnormal increase may reach. 

In a mouse plague which occurred in 
Nevada in 1907, three-quarters of the alfalfa 
acreage of the State was destroyed. The 
whole ground, for square mile after square 
mile, was riddled with mouse-holes till it 
was like a sieve. It was estimated that the 
several thousand mouse-eating birds and 
mammals busily gorging on mice in the 
affected district were killing over a million 
mice a month ; and yet, in spite of this 
toll, the numbers of the mice continued to 
increase. And in the Australian mouse 
plague in 1917, Hinton, in his booklet on 
Rats and Mice as Emmies of Mankind^ records 
that seventy thousand mice were destroyed 
in one afternoon in one farmyard. 

Such a state of affairs cannot continue 
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for long. The multiplying specie, h 
escaped from the control of its cami I 
enemies ; but it must eventually 
against other controls. In the last reso^^ 
there is the control exerted by its lood • if 
multiplication is too excessive, there wkl n t! 
be enough for it to eat. But this contro I 
by starvation is a rare event in nature 
in most cases, before the increase in number^! 
has brought the species within sight " 
food-shortage, a third kind of control steps 
in— control by disease. Almost all the 
vast outbursts of rodents end in appalling 
epidemics which kill off the great majoritv 
of the teeming animals and leave ihp 
population far below its average abundaricr 1 
We may quote Soper, a Canadian observer, ’ 
who is describing the sequel to a great | 
over-multiplication of snow-shoe rabbits 1 
“ Empire among the rabbits as elsewhere | 
has its rise and fall, and then is sw^ept ctu’a\ 

A strange peril st^ks through the woods, 
the year of death arrives. An odd rabbit 
drops off here and there, then twos and 
threes, then whole companies die, until the 
appalling destruction reduces the woods 
to desolation. One year (1917) in the 
district of Sudbury, Northern Ontario, the 
signs of rabbits were everywhere, but not 
a single rabbit could I start. It seemed 
incredible. Local inquiries disclosed that 
a little over a year before the rabbit popula- 
tion was beyond count. Now, as if by I 
magic, they were gone. Needless to say 
however, a few individuals survive ihr 1 
epidemic. These now, because of their j 
paucity, are seldom encountered.” 

Another reason why over-multiplication 
so rarely leads to starvation is that the first 
pinch of food-pressure is often the signal 
for great migrations, the animals crowding 
away from the area of shortage in search 
of new supplies. Locusts are the classical 
examples of this behaviour. Their inclu- 
sion among the Plagues of Egypt Ls prooi 
of the impression their availing visitations 
made in earlier ages : “ The Lord brought 
an east wind upon the land all that day, 
and all that night ; and when it was morning, 
the eaist wind brought the locusts. And the 
locusts went up over all the land of Egyp^- 
. . . They covered the face of the wholf 
earth, so that the land was darkened, 
and they did eat every herb of the land, 
and all the fruit of the trees, and there 
remained not any green thing in the 
or in thftdhcrbs of the field, through all the 
land of Egypt.” 

To-day their visitations continue ui’* 
abated in spite of all our civilization. 
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;vas recently invaded by crawling hordes 
7 the wingless immature form ; in 1925 a 
latrue ot locusts threatened Egypt again, 
[‘^prompt action by entomologists sup- 
rcssrd it ; in Algeria and Persia, in South 
Licrica and South Africa and Russia, 
Serious plagues of them recur every few 
^.gars. la February 1929 it was announced 
that Kenya had had to institute a food- 
rationing system, so formidable had been 
(he inroads of a sudden invasion of winged 

UvLov has recently discovered a number 
of interesting facts about the life-cycle of 
the East European locust. Its main breed- 
ing-grounds are in the huge, reedy deltas 
of the rivers that drain into the Caspian 
and Aral Seas. Bands of the immature 
and still pedestrian hoppers leave these 
suamps nearly every year, sometimes in 
numbers. But it is only periodically, 
and, it would appear, only after a succession 
of dry years, that the hordes of adult winged 
locusts set out. These fly off in all directions; 
and when their reserves of fat are nearly 
exhausted, they settle down and fly no more, 
hut lay their eggs wherever they chance to 
he. If this should be in the middle of 
crops, immense damage may be done by 
their ofispring. In 1926, for instance, 
no less than 80,000 acres of wheat, maize, 
arid millet were thus utterly devoured in 
Northern Caucasus alone. 

Then comes a strange fact. If the migrat- 
ing swarm has chanced upon a reed-bed 
like its own original home in which to lay 
Its eggs, its young develop into locusts of the 
same type as their parents ; but elsewhere 
most of the young grow up into another type 
of locust, originally considered a different 
species. This type is not gregarious, and 
spreads slowly and individually over the 
rourilryside. If it or its young finds a 
reed-bed, the migratory type is once more 
produced. Thus from the permanent foci 
in the big deltas, the species is being dis- 
seminated by the armies of hoppers, the 
periodic winged hordes, and the slow and 
individualistic spread of the solitary form. 
And this existence of two forms, one solitary 
^ind the other gregarious, has- been since 
shown to hold in several other kinds of locusts. 

fhe ideal method for ridding the world 
^f locusts will be to destroy their breeding- 
Keounds. Failing this, we must learn to 
iinderstand and foretell their cycles of 
abundance and scotch the beasts when they 
ctppcar, instead of waiting until their 
abundance has grown really formidable. 
In any case, their wide powers of dispersal 


and the irregular direction of their flights 
make the locust problem eminently one for 
cosmopolitan control. 

Similar outbursts of unbridled reproduction 
happen with lemmings, the little rat-like 
creatures that inhabit the moors of the 
Scandinavian mountains and the lower- 
lying tundras farther north. Periodically 
the lemmings, enormously multiplied, invade 
the lowlands, their huge migrating swarms 
moving mainly by night. So surprising 
are these sudden hordes, appearing as if 
from nowhere, that Olaus Magnus, writing 
in the sixteenth century, was convinced that 
they fell from the clouds. They climb 
walls and swim rivers, losing many of their 
number every day. Finally the survivors 
reach the sea : apparently they take it for 
another river to be crossed, for they plump 
in and swim on until they drown. Collett 
records one case in which a ship steamed 
for a quarter of an hour through miles of 
swimming lemmings, and they have been 
discovered in the stomachs of cod. After 
such drownings in mass, the winds and 
currents may heap their bodies in thick 
drifts on the shore. In any case, of those 
that leave the mountains, not one returns 
alive. 

In migrating locust swarms there seems 
to be no disease. But with lemmings, 
migration and disease go hand in hand. Not 
all the lemmings leave their homes. Of 
those that stay behind, the great majority 
sicken and die, and even of the migrating 
animals enormous numbers succumb to the 
epidemic. In some parts of the world 
squirrels show similar cycles, which termin- 
ate in a combination of epidemic and migra- 
tion. A huge army of migrating grey 
squirrels swam the Ohio River in 1829 ; and 
even bigger hordes are recorded from Russia. 

Violent epidemic disease seems to be the 
natural and inevitable result of over- 
crowding. Professor Topley, of Manchester, 
has demonstrated this experimentally in 
artificial mouse-populations which he has 
kept at different degrees of crowdedness ; 
and the fact is a matter of common medical 
and veterinary observation. 

This seems to be mainly a mere matter 
of chance and time. As animals are 
crowded together, the chances of infection 
passing from one to another arc increased, 
until, when a certain density of population 
is reached, the disease, hitherto a smouldering 
and sporadic thing, becomes a fulminating 
epidemic — spreading with maximum rapidity 
throughout the entire population. 

Conversely, if the density of its victims 
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falls too low, an infectious disease may die 
out. Malaria, as we shall sec in Book 7, 
can only perpetuate itself by travelling to and 
fro in regular alternation between the 
digestive tube of mosquitoes and the blood 
of men. Sir Ronald Ross has demonstrated 
that if the population either of mosquitoes 
or of men falls below a certain density in 
a given area, the proportion of malaria- 
infected individuals will decrease, slowly 
but progressively, to nil. In a not dissimilar 
way, gun-cotton will burn harmlessly in 
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Fig. 264. The periodic ups and downs of 
northern mammals. 

{A)i {B), (C), (i)) show the number of skins brought in 
to the Hudson Bay Company from i8bo to 1900. The 
snow-shoe rabbit (A) has regular peaks about every eleven 
years ; the lynx (B) is similar, but the peaks are a year 
or two later : the red fox (C) shows similar main peaks, 
with irregularities due to minor osctllations about every three 
years ; the arctic fox (/)) shows the three-year oscillations 
only. {E) Tears of lemming migrations in Southern Norway, 
The abundance comes about every three years. [Modified 
from “ Conservation of the Wild Life of Canada,^' by 
G. Hewitt ; and “ Animal Ecology,'’ by G. Elton.) 
y 

the air, and remains unchanged altogether 
when left to itself at ordinary temperatures, 
when its molecules arc relatively calm ; 
but when detonated in a closed space, the 
violent movement of each molecule reinforces 
that of every other, and a formidable ex- 
plosion is the result. 

The enhanced rapidity of infection comes 
not only with artificial crowding, as on 
overstocked grouse-moors, or in densely 
packed human cities which have not yet 
learnt sanitary precautions, but in wild 
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nature too. The abundances of rabb' ^ 
and muskrats and gerbils and IcmnuT, 
even of deer and zebras, the mousf -pia 
that the efforts of owls and hawks and m 
can scarcely palliate, are terminal, d i7a 
month or so by pestilence ; and ihr 
survivors begin the cycle over again. 

The next point is naturally to a,sk 
is thecauseof the occasional bursts of increase? 
Here the statistics of trade first put science 
on to the right track. For over a (cnturv 
the Hudson Bay Company have kept records 
of the number of pelts and skins of dilfereni 
kinds of animals brought in to tlteir posts 
When these figures are plotted on a cur\c, 
they reveal a strange regularity of flue tuaiion. 
For almost every species, periods of great 
scarcity alternate with waves of great 
abundance ; and the peaks of the waves 
succeed each other in a regular cyc le. 

The number of lynx skins brougllf m 
every year fell below 5,000 (and sometimes 
below 1,000) nine times between and 
1914 ; and in the same period rose ahovr 
30,000 (and sometimes above 60,000) the same 
number of times. The oscillations of snow- 
shoe rabbits are precisely similar, but even 
more remarkable, since this species is more 
subject to disease ; in some years (pidemits 
may damp their numbers down to such an 
extent that only a few dozen skins arc bioughl 
in. The two curves run parallel with each 
other, the peaks for the lynx tending to lag 
behind those for the rabbits. This is whai 
wc should expect, since lynxes feed iiiiiinly 
on rabbits. 

The increase from the lean yeais to the 
crowded years is not a uniform progress, 
but an acceleration. In the years ol' gieai 
abundance the rabbits will have two or three 
broods, with eight or ten young in each 
brood, while in bad years there will be but 
one brood, with only two or three young to 
it. The rate of increase itself is thus almost 
twenty times ais great in the favourable 
years. The numbers of young scern to 
increase with some regularity, for the Indian 
trappers are said to prophesy the prospects 
of next season’s rabbit crop by counting 
the number of embryos in this seasons 
rabbits. The same thing, with a difference, 
occurs in field-mice. In favourable years, 
though the number of young in a brood is 
not increased, the breeding of mice goes on 
in more months of the year. 

A great number of other animals show a 
greater or degree of regularity in their 
cycles of abundance and scarcity. 
in his Animal Ecology discusses the whole 
subject, and makes some interesting genera 
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the almost clockwork precision of the 
r nadian lynx and rabbit we have French 
These indulge in outbursts of over- 
uiatioii, but the outbursts are local and 
Li widesi^rcad, irregular instead of regularly 
current. In such cases the multiplication 
le^cras not to be regulated by any cycle of 
io the outer world, but to progress 
irrct^ulaily until the population, somewhere 
or othei, reaches the saturation-point for 
disease. An epidemic then breaks out and 
}.ills Ofl the majority of the mice in an over- 
cro^^ded area, but peters out as it spreads 
into less populous regions ; and the few 
survivors begin piling up numbers again for 
.1 later liolocaust. 

In lemmings, on the other hand, the 
\ariation is not only regular but is synchron- 
ous over great tracts of land. Lemmings 
ha\f a peak of abundance every three or 
lour ye.iis, and the years of abundance 
svnchroiiize almost exactly in countries 
as thoroughly separate as Norway, Green- 
land, the North-Canadian mainland and the 
isl.iticls of the arctic archipelago. It is as if 
they were keeping time to the beating of some 
fosinie pendulum. And once the time is set 
tor them, they pass it on to the arctic fox, 
■uh(jse staple food they are. Regularly, every 
tliicT 01 lour years, the number of arctic fox 
skins brought in by the Hudson Bay Company 
trapjXTs falls to 3,000 or under, while in the 
peak years in between, the number as regu- 
larly rises, usually to 10,000 or over. 

British mice are rather more regular in 
ihcir cycles than their French relatives ; 
and they, like lemmings, have cycles of 
throe or four years. The snow-shoe rabbit 
‘^nd tile lynx have an even more regular 
hut a longer cycle, with peaks and depressions 
about every ten years. And the red fox, 
'^hicli is bigger and lives farther south than 
hts arc tic cousin, lives partly upon rabbits but 
partly upon mice. Accordingly, his cycle 
a doulale one, with main peaks correspond- 
ing to those of the rabbit, and minor ones 
superposed, corresponding to the ups and 
downs of mice, 

. ^otnething outside the animals’ own lives 
imposing this regularity upon them ; and 
that Something, it seems certain, has to do 
J'ith the weather. But what precise factors 
the weather thus affect the herbivores 
not always easy to say. The readings 
niade by meteorologists, though of the utmost 
in abundant ways, fire not always 
1 ( levant to the life of animals. Temper- 
ature for instance, is usually recorded at a 
neigh t of four feet in the open and very 
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few animals live in the open at that height, 

S t cows and zebras and storks and 
en and certain hovering insects.” 
Furthermore, what an animal or its food- 
plant responds to in the way of weather 
conditions is not likely to be the maximum 
or the minimum of any one factor, such as 
temperature or rainfall or sunlight, but 
especially favourable combinations of several 
varying factors. To take an example from 
ourselves : the optimum geographical zone 
for white men is one of moderate tenlperature, 
moderate rainfall, moderate sunshine, and 
changeable weather ; no extremes are 
involved in it, and it cannot be defined save 
as a complex meteorological combination. 

The organism integrates the outer forces 
acting upon it. In the abundances and 
catastrophes of animals that fluctuate with 
a regular period we have in reality a new 
kind of instrument, more subtle than the 
thermometer or the rain-gauge, which will, 
we can feel sure, set the meteorologist on the 
track of new discoveries in his own science. 

Sometimes, it is true, the weather docs get 
to work in an obvious way. Very hard 
winters (which tend to recur with more or 
less regular periodicity) kill large numbers of 
the smaller birds. This is apparently due 
to starvation and not directly to cold. If 
birds can store up sufficient food, they can 
withstand astoundingly low temperatures ; 
the little American Junco, even though it 
usually migrates south in winter and is no 
bigger than a sparrow, can withstand a 
blizzard with a temperature of 52° F. below 
zero, if well fed. The winter of 1928-9 was 
particularly severe on European bird-life. 
The hard winter of 1916-17 killed oflf the 
longtailed tits so thoroughly over large parts 
of England that many areas were not 
restocked up to the normal level of longtailcd 
tit population until two, three, or even four 
years later. 

Many of these animal-cycles seem to have 
a regular periodicity. The recurrent irrup- 
tions of unfamiliar birds are a case in point. 
The year 1927 witnessed a remarkable 
invasion of England by that extraordinary 
bird, the crossbill, which has its mandibles 
crossed over each other for the purpose of 
feeding upon pine-cones. These irruptions 
come westward from the pine-forests of 
Central Europe, and occur at more or less 
regular intervals. One in the sixteenth 
century brought prodigious numbers of the 
birds, which did great damage by discovering 
that their beaks were admirably adapted for 
slicing apples in half as well as for obtaining 
the seeds from pine-cones. The dates of 
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crossbill irruptions, however, have not been 
so well recorded as those of two other kinds 
of birds, the Siberian nutcracker and the 
sandgrousc. The nutcracker is an inhabi- 
tant of the vast coniferous forests of Siberia. 
It has invaded Western Europe at intervals 
of about ten years, with what would be 
extreme regularity if it were not for the 
fact that now and again one of the invasions 
is “ skipped.” Although observations on 
the spot in Siberia are not forthcoming, it 
appears almost certain that the migrations 
are due to over-population in the birds* 
natural home, coupled with a bad harvest 
of the pine-cones upon which they feed. 
Doubtless, when the failure of the pine-crop 
is less extreme than usual, the pressure on 
population is not so great, and the wave of 
migration spends itself before reaching 
Europe. 

Pallas’ sandgrousc, on the other hand, 
is a bird of the steppes and deserts of Central 


1830 1840 1850 I860 1870 1880 1890 1900 



Fig. 265 . The relation between solar disturbances and terrestrial life. 

The upper curve shows the amount of growth made by trees in Germany, as 
determined by the thickness of their rings of growth. The lower shows the number 
of sun-spots recorded by solar observers. There is a considerable agreement between 
the two curves. {Modified from Earth and Sun," by E. Huntington; after 
Douglass.) 


Asia, where it lives upon the scanty vege- 
tation of the salty soil. Every so many 
years the bird leaves its home in huge 
flocks, migrating both eastwards into China 
and westwards into Europe, even as far as 
the British Isles. Sometimes the migrations 
arc continued for two or three years. Here 
a cycle of eleven years is pretty closely 
adhered to, with the additional fact that 
the alternate migrations are much bigger. 
As the records go, we seem safe in prophe- 
sying another imminent large invasion. 
The cause of the emigration again seems to 
be relative over-population, or what comes 
to the same thing, food-shortage, owing 
to their food-plants being covered by snow 
or glaze-frost. 

A connexion has been suspected between 
the eleven-year cycles and the cycles of 
sun-spot numbers, which also have an 
average period of about eleven years. The 
sun-spots are a sign of increased activity 
and energy-radiation from the sun’s surface ; 
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and this causes magnetic storms 
earth, ninety million miles away. Ann.r' 
fact of terrestrial climate which seems to u 
definitely correlated with sun-spot numi 
concerns the track of ihundcr-storri^^ 
If the tracks followed by heavy storim T 
plotted on a map, it will be found that"^ 
in North America, for instance, there is in 
any one year a zone along which the 
majority of storms travel. Now this zone 
shifts up and down, with considerabk^ 
regularity, from year to year, returning to 
the same position about every eleven years 
Such a shift in the storm-tracks will obviously 
mean a slight shift of the margins of all the 
great climatic zones. It will mean that there 
will be cycles of rainfall, some areas gettint; 
more than the average every eleven years, 
while other zones in the same years will be 
getting less than the average ; and this, 
according to the careful investigations of 
O. T. Walker, is what actually occur!, 
The autobiography re- 
corded by trees in their 
annual rings of growth 
shows that they, in sonir 
situations, are under the 
influence of this eleven-year 
cycle. Not only does the 
hold for the giant sequoias 
of Western America, but a 
fossil Canadian spruce from 
the Pleistocene (V E) shows 
that the Canadian climate 
in those days, ccrlainh 
over 100,000 years arjo, 
was oscillating with this 
same eleven-year period. 

Such changes are likely to have the most 
noticeable effect upon plants and animah 
where conditions are difficult for life 

For instance, a small change in rainfall in a 
semi-desert region will have much more effect 
than the same change in a well-watered 

country ; and quite small temperature- 

changes in the arctic will have dispropor- 
tionately large effects on the animals and 
plants which live there. Another inter- 
esting point that is now emerging is that the 
most important cycle in warm-temperate 
regions seems to be the eleven-year one, 
in regions farther north this gives place to 
ten-year cycle, and in the far north, this 
again to one of about three-and-a-half yea^- 
But what may be the explanation oi this 
strange fact we do not yet understand 
The lii^ous weather-cycles will have 


quite *iii^rent effects on different kinds 
animals, according to the length of 
animal’s own life-cycle. The short-pei 
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1 of tiiree years and a half would only 
[I^xpectcd to affect small animals which 
maturity in a year or less. Larger 
imals have lives which are too long to be 
mset by such small cycles. In precisely the 
saine way, the choppy little waves which are 
unplea^sant to the inmates of a row-boat 
have no effect upon the bulk of a liner. 
Even the eleven-year cycles will have little 
effect upon animals like deer or zebras. But 
deer and zebras and others of the larger 
herbivores do have recurrent plagues in wild 
nature, and these plagues recur at much 
longer intervals than those of rabbits ; the 
^-erv length of the cycles makes it more diffi- 
rult to collect accurate information on them. 
Some idea of the times involved may be 
grained from the following rough calculation. 
If a single pair were to increase with no 
severe checks, an uncomfortable density of 
population would be produced by mice or 
lemmings in about three or four years, by 
squirrels in about five years, by rabbits or 
hares in about ten, sheep in twenty, by 
buffaloes in thirty, and by elephants in fifty 
or sixty years. 

There is one fur-bearing animal which, as 
the Hudson Bay Company’s records show, 
seems to be exempt from these periodic 
fluctuations. It is the beaver. The beaver 
has made itself independent of all the short 
cycles of weather. It lives almost entirely 
upon the bark of the trees it fells, which 
themselves are so long-lived as not to be 
affected by ten-year or even thirty-year 
cycles. Then it constructs remarkable dams 
and canals which make it independent of all 
ordinary fluctuations in water-supply. And 
during the summer it stores great food-piles 
of trunks and branches in its pond ; thus it 
can get access to food under the ice, and is 
almost independent of the severity of winter. 
When it has cut down too many of the 
in the neighbourhood of one pond, 
a heaver-community apparently just moves 
on in search of another ; and at the end of 
summer any surplus population scatters on 
the same quest. It is on these treks that 
heavers seem most exposed to the attacks 
of beasts of prey ; and in a state of nature 
It is then that most of the overplus of the 
heavers’ natural increase is wiped out 
(just as most of the overplus of migratory 
birds’ increase is wiped out on their migra- 
tionsj. But with their feeding and storage 
habits, and their normal immunity, safe in 
their ponds and houses, from most enemies, 
they have no need of the rapidity of breeding 
"hich a mouse or a rabbit must keep up to 
repair wastage ; and so their breeding never 


runs away with them, so to speak, to lead to 
sudden huge increases of number. Then, 
too, their habits compel them to live in 
isolated colonics ; there can never be a 
dense continuous beaver-population over a 
large area, and so there can never be an 
explosive outbreak of epidemic bcavcr-discasc. 
And so the beaver-population (apart from 
man’s inroads upon it) is never subject to 
the wild and rapid fluctuations that beset 
other rodents. It is regulated within much 
narrower limits and there is less wastage 
of lives. 

There are other animals in which there 
is a kind of natural population control. 
It is found, for instance, among various 
kinds of birds. Eliot Howard has described 
and analysed the system in his Territory in 
Bird-Life. In the breeding season, practi- 
cally all small song-birds have the instinct 
to stake out a claim, so to speak, to a definite 
area or territory of considerable extent. 
This territory they defend against intruders 
of the same species, and often of allied species 
as well ; they build their nest in it, and they 
confine themselves mainly to its boundaries 
in searching for insects and grubs with 
which to feed their young. 

This “ territorial instinct ” doubtless had 
its origin in the nearly universal impulse 
to defend the nest and its immediate neigh- 
bourhood against intrusion. It takes a great 
many insects to supply the rapidly-growing 
naked young of a warbler or a finch ; and 
any extension of the nest-defending instinct 
to cover a wider area would be of biological 
advantage to its possessor by reducing the 
infant mortality of his or her young in times 
of food-shortage. 

When one kind of bird is unusually 
abundant in any given region, the pressure 
on space may force down the size of terri- 
tories. But this process has a limit ; a 
breeding pair will not tolerate another pair 
within a certain distance of their headquarters, 
and fighting will go on until one pair or the 
other are forced to leave. In years of 
exceptional abundance, some birds never 
find breeding-territory at all. They may 
penetrate to the northern limits of the species’ 
range and drift about there in bands ; or 
they may remain celibate in the middle of 
the breeding population. But they do not 
breed. So here again an upper limit is set 
to the population ; and we do not find among 
small birds the same violent cycles, culmina- 
ting in over-abundance and disease, that we 
do in small mammals. 

When population-pressure seeks relief 
in migration, opportunity is given for the 
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colonization of new areas. In this way, In any case, these periodic up?i and do 
for instance, cvciy patch of land where have a considerable bearing on our 
locusts could possibly breed is periodically about Evolution. In our previous discuss^ 
explored by ^eir itinerant swarms ; and of Natural Selection, we assurnf d that 
the same is true for the crossbill. The pro- struggle for existence exerts a more or U 
cess is always a wasteful one, and often constant pressure. This is noi true for 
wholly useless to the animal ; none of the species with violent cycles of abundance 
myriads of Scandinavian lemming that When the survivors of a rabbit epidemic for 
leave their mountain home in emigrating instance, arc restocking the country, the 
armies ever finds a new breeding-pound, struggle for existence will be very much 
And all the Painted Lady butterflies that lightened ; as abundance increases, pressure 
reach England year by year, sometimes in on food-supplies will begin,, and will slowly 
abundant swarms, are similarly unpro- grow. Finally, when the inevitable epidemic 
ductive. They may attempt to breed, but breaks out, there is an intense selection at 
they never establish themselves in this its hands for hardiness and disease-resisting 
country. Yet these scouts of the species qualities. In the same way, in a very' hard 
continue to arrive here in every year of high winter only the lucky or the resistant birds 
multiplication. But we must remember survive. 

that Nature is abominably wasteful ; and In other words, selection itself is a lluctua- 
also that what is useless in one set of circum- ting thing; and many qualities of plants 
stances may have some advantage in another, and animals have been brought into being 
The lemmings of Southern Scandinavia are only by the intense selection of exceptional 
now confined to a restricted zone of a narrow years. Most of the creatures arc not fully 
peninsula. During much of the Ice Age, tested most of the time ; they have a reserve 
however, they inhabited the European of biological adequacy and could dispens(‘ 
plains ; and then mass-migration might with this or that adaptation during ordinaiy 
well have brought some survivors into a new seasons. But then comes the pinch, and all 
and favourable region, the reserves are called into play. Period* 



Fig. 266. The territorial birds. 

SktUh-map (d the nisting-Urrilories occupied by six pairs of green plover in 1916 w a meadow in 
Th field measures about a quarter by an eighth qf a mile. {From *' Territory in Bird by H* Bitot 

John Murray.) 
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snccies has, so to speak, to pass 
’‘'""■^l^aiiiinations. After a very favourable 
' ‘>^'1 me mbers arc put through a compeb- 
? fxammation first as regarfs their 
“ nftmiN to secure food and breeding- 
'Trp and then as regards their dise^e- 
tanff in very unfavourable years they 
examined on their power of resisting 
f ' er or thirst and the extremes of temper- 
“re. But in between they have a com- 

narativdy easy time. . . 

P Xhe relaxation of selection after a catas- 
trophic killing-off may also have important 
Ifects Characters useless by themselves 
may be useful if they are combined together ; 
and in these times of comparative ease the 
spreies is able to preserve and shuffle its 
mutations and get the most out of them. 

\ conrreti' case in point is that of the Greasy 
Iritillary butterfly. This is a local species, 
various stations being widely separated. 
At one place in the North of England where 
it had been abundant for a number of years, 
It suddenly grew scarce. In 1912 it was 
rare, from 1913 to 1920 very rare. In 1921 
It began (o increase rapidly again, and has 
since 19:24 remained at its old abundance. 
During the period of its rapid increase, 
iq2i, 1922, and 1923, it showed a remarkable 
outburst of variation, in size, colour, and 
pattcin. l-rom 1924 on, the range of 
variaiifin decreased. And now it is as 
constant as it was before the War — but not 


quite the same : it is darker, with a coarser- 
mottled pattern. It looks very much as 
if while rapid increase was going on and 
selection was presumably relaxed, all kinds 
"f rc -combinations made by the genes of the 
few survivors of the previous thinning-out 
came mio being. Then, when population- 
piessuie had brought selection up to the 
mark once more, most of these were weeded 
and only one main type was left — but 
it was not the original type. A better 
combination had been found. 


hut tliese cycles have more than theoretical 
interest. There arc, for one thing, com- 
mercial advantages in knowledge. Fur- 
trading companies can regulate their staff 
of ti uppers according to the prophecies of 
the ecologist, and can guard themselves 
ngainst periodic gluts and scarcities of pelts. 
‘Much more important is the medical 
signific ance of the facts. It is well known 
that lats act as a reservoir of bubonic 


P^‘\gu(g transmitting it to human beings 
tb'-'ir fleas ; and the same is true for other 
^mall rodents such as gcrbils. It ha^dready 
•^t^en established that in Central Asia and 
Souili Africa the incidence of plague in 


man fluctuates with the abundance of these 
small mammals. The year 1910, when a 
small outbreak of human plague took^place 
in the eastern counties of England, was also 
a year of plague and apparendy of unusual 
abundance among English rats. In modern 
conditions, rats are not so ubiquitous as they 
used to be, nor do they come into such close 
contact with man ; probably this fact 
saved England from a much more serious 
visitation of human plague in 1910. The 
early inhabitants of Palestine seem to have 
had some inkling of the connexion between 
rodents and disease. In i Samuel, chapters 
V. and vi., we are told that the Philistines, 
afflicted with a grievous pestilence which 
seems to have been bubonic plague, were 
recommended to make and offer up golden 
images not only of the swellings or buboes, 
characteristic of the disease, but also “ of 
the mice that mar the land.” Modern 
biology has verified this connexion in detail, 
and shown the real nature of the relation be- 
tween the fluctuations of the species rat 
and the danger of human infection. 

A recent application of this knowledge 
probably saved South Africa from a serious 
visitation. The gerbil is a common rodent 
of this and other warm-temperate regions. 
In 1924-5 the gerbils over a large extent 
of the Union were plague-infected, and the 
area of gerbi 1-infection was still increasing 
rapidly. In a belt of country south of the 
infected area a war of extermination was 
waged against gerbils and all other plague- 
carrying rodents, and the epidemic passed 
away before reaching Cape Town and the 
populous coast, owing to the natural dying 
down of the disease-stricken gerbil population 
to a density at which plague would no longer 
spread through it. . 1 • 

And it may well be that other epidemic 
diseases whose comings and goings are still 
mysterious will prove to be linked with the 
abundance or scarcity of some obscure 
rodent ; but here only laborious research 

can enlighten us. 1 

These facts help us to realize the real 
nature of the ordinary Struggle for 
The careless thinker about things biological 
is apt to fall under the sway of military 
ideas and think of it as a war between one 
species and another. He envisages * 
regular battle between an inoffensive herbi- 
vore and its enemies, or a sort of athlettc 
competition between a carnivore and its 
prey. In both cases he thinks of the strugpe 
as somediing in which victory is to be 
achieved as it is achieved in war or sport. 
As a matter of fact, it is nothing of the kino. 
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A herbivorous species without carnivorous 
enemies would tend to overpopulate its 
tcrrit<^, would become diseased and undcr- 
nourisned, would condemn itself to starvation 
by eating down its own food-supply ; a 
carnivorous species again which was res- 
tricted to one kind of prey, and a kind it could 
too easily catch, would inevitably bring its 
own race to extinction by eating itself out 
of existence. To multiply and replenish 
the earth unchecked may be only the prelude 
to decay and extinction. Both of these 
eventualities have, through the interference 
of man, been realized. When red deer 
were introduced into New Zealand, they 
throve on the succulent forest and bush and 
multiplied exceedingly owing to the absence 
of all carnivorous enemies. But after a few 
decades they had changed the face of the 
country where they were abundant, and 
to-day the fine heads and heavy beasts are 
found only on the outskirts of the deer’s 
range, where they are still advancing into 
virgin country. Elsewhere the herds, living 
on scarce and inferior food, are full of stunted 
specimens with malformed antlers, and the 
authorities have been forced to play the 
part of natural enemy, and to adopt a 
rigorous policy of periodic thinning-out 
to save the stock. 

For a carnivorous instance of the evil of 


CHaI'Tei^ 


easy living we may quote from 


tlton ih, 


, curious case of Bcrlenga Island, ofTth,-. 
of Portugal. “ This place supports a i2‘ 
house and a lighthouse-keeper, who V 
in the habit of growing vegetables on iL 
island, but was plagued by rabbits which had 
been introduced at some time or other. Hr 
also had the idea of introducing cats to 
cope with the situation— which they did 
effectively that they ultimately ate up every 
single rabbit on the island. Having sue- 
ceeded in this, the cats starved to death 
since there were no other edible animals on 
the island.” 

Wc are often told that it is very important 
for children to select their parents wisely. 
It is becoming clear that a wise choice of 
enemies is an asset to an organism ! One 
can hardly, perhaps, speak of an animal's 
enemies as part of its adaptations, but at 
least they are vital to its survival. In almost 
every case the word enemy is only applicable 
when we are thinking in terms of individuals , 
as soon as we think of species, the individual 
“ enemy ” often turns out to be a racial 
benefactor. 

Unrestrained breeding, for man and 
animals alike, whether they arc mice, 
lemmings, locusts, Italians, Hindoos, oi 
Chinamen, is biologically a thoroughly evil 
thing. 
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C I, rhe Balance of Nature. § 2. Pests and Their Biological Control. 
K 3. The Beginnings of Applied Biology. § 4. The Ecological Outlook. 


§ I 

The Balance of Nature 

T he rtucluations in animal numbers we 
have been discussing give us new insight 
into the tangled web of interrelations 
I Slimmed up in the phrase “ The Balance of 
I Xaiure.” A few further instances of the 
swaying of that balance may be interesting 
and profitable. 

Change in one member of a life-com- 
munity may transform the whole community 
into something else, as surprisingly as an 
inrrcase ol' thyroid secretion will transform 
an axolotl into a land salamander. A 
classical case is that described by Ritchie 
in his interesting book, The Influence of Man 
m Animal Life in Scotland. It concerns 
a small stretch of moor in Southern Scotland. 
When the story begins, this was covered 
with heather, and tenanted by typical 
lieather-moor creatures such as the red 
erousc. In 1892, a few pairs of black- 
licadcci gulls came to nest there. This was 
piohably the result of a general increase in 
iiic numbers of their species, but what 
ptoduced this increase we do not know, 
h hatever the reason, the fact was the starting- 
point for an intricate chain of cause and 
blcct The owner liked the gulls and pro- 
tcued them, with the result that by 1905 there 
"as a nesting colony of over three thousand, 
the trampling of the birds was bad for the 
heather, while their constant manuring of the 
Jjrouiicj changed the character of the soil, 
he result was that the heather vanished 
together, its place being taken first by 
and later by coarse dock-like plants. 

00 s of shallow water formed here and there. 
i)h the heather, the grouse disappeared ; 

'' ne the pools attracted teal and other duck, 
protection was withdrawn from 
gulls, their nests were robbed, and they 
^creased rapidly until by 1917 there were 
|’“ y a hundred or so of them left. The 
pther had re-invaded most of the ground, 
drying up, the teal had gone, 

' tlie grouse were returning. Thus in 
enty-five years the ground and all its 
nm I ^itimal inhabitants had changed 
^ plctcly, and then changed back again. 

_ noiher well-analysed case comes from 
^J'ocklands of East Anglia. The natural 


dominant vegetation of this strange barrefi 
country seems to be low pine-wood. Where- 
ever the trees for one reason or another fail 
to grow, dry heather-moor takes its place. 
Patches of thick-growing bracken-fern and 
low-grass heath also exist. The most 
abundant of the vertebrate inhabitants is the 
rabbit. 

Rabbits arc not indigenous to England. 
After the Ice Age they failed to reach it 
before the -Channel had put a bar between 
it and the rest of Europe. They were 
certainly not introduced before the Neo- 
lithic Period, and many authorities believe 
that they were not brought over until after 
the Norman Conquest. However intro- 
duced, during the Middle Ages they were 
protected in warrens for the sake of their 
skins, but eventually spread and multiplied 
as they have in other countries. Their 
attacks on the pine-seedlings, together with 
the clearing and felling due to man, have 
swept the natural pinewood off the plateaux, 
and left heather to take its place. A natural 
equilibrium was soon established between 
rabbits and their enemies such as stoats and 
weasels, and lasted for centuries. Of recent 
years, however, civilization in general and 
game-preserving in particular have enor- 
mously reduced the number of these carni- 
vores, and the rabbits, relieved of this drain 
on their numbers, are increasing towards a 
new equilibrium of much greater abundance. 
The resultant “ rabbit-pressure ” is in its 
turn having striking effect upon the vege- 
tation. Wherever the rabbits have access 
to pinewood, it fails to reproduce itself, 
and its place is taken by heather. But 
the heather, which could stand a certain 
density of rabbit-numbers, itself melts away 
when their concentration rises above a 
certain point. It is eaten down, and gives 
place either to rush or to grass-heath. 
If rabbits arc not too abundant, the out- 
come is decided by the nature of the soil ; 
but once more the animals have the casting 
vote. If the pressure for subsistence is 
great, they attack the rushes, and these too 
are replaced by grass-heath. 

The grass-heath itself is badly attacked 
by the rabbits ; it is stunted and nibbled 
down close ; and yet it can survive where 
the rushes and heather die out. As Farrow 
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fays : The grass-heath owes its vei7 

existence to an extremely injurious influence 
which nevertheless greatly benefits it because 
it injures its competitors slightly more/* 
Increasing rabbit-pressure, it will be noticed, 
progressively reduces the height of the 
vegetation. Pine-trees yield to bushy 
heather ; heather to scrubby rushes ; and 
rushes to the mere carpet of the grass. 

In normal circumstances the advantage 
given by height in the struggle for light and 
air causes a succession from low to tall 
plants, culminating in forest ; and this is 
what happens in Breckland wherever rabbits 
are fenced out. But with intense rabbit 
pressure, the contrary is the case, and the 
plant wliich can live and reproduce though 
cropped down to a mere inch ♦or so will 
survive, 

A complication is introduced by the 
bracken ; for this, though tall and juicy, 
is distasteful to rabbits, and they leave it 
alone unless very hard put to it. As a 
consequence a miniature jungle of bracken 
is spreading rapidly over the landscape. 
Should it come to cover most of the country, 
the rabbits would be confronted by a new 
problem ; they would have to eat bracken 
or starve. They would eat it ; and so a 
new tilt would be given to the ever-unstable 
balance. 

Thus the destruction of weasels and stoats 
has set the different kinds of plants advancing 
and retreating, marching and counter- 
marching, over all Breckland, and it is 
only because they march by yards in a 
year, instead of miles in a day, that their 
movements do not strike us as immediately 
and forcibly as the manoeuvres of troops or 
the migration of birds or lemmings. 

Both these cases provide good examples 
of a general principle — that change in life- 
communities goes by jumps, even though 
the change in conditions alters slowly and 
gradually. A change in the number of 
rabbits does not merely alter the proportion 
of pine-trees and heather-bushes and rushes 
and grass plants, but causes the total 
replacement of one kind of plant by another 
over a stretch of country. This is simply 
a particular aspect of the familiar fact of 
dominance, which we meet with in every 
plant-community. 

Of the subdety ef' the web’s weaving, 
whereby a twitch on one life-thread alters 
the whole fabric, many writers have told 
us. A very simple case is the connexion 
of ravens with shfcep-farming. In early 
spring the staple diet of ravens on the 
Scottish hills is afforded by the aflerbirths 
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of the ewes that'hitve lambed, if,}, 
farming ceased to be practised in Scoit^* 
the number of ravens would go down L;.ki 
a bump. 

A more curious example is thv Box a 
Cox habits of mongoose and gcrbils Th 
gerbil, a social creature, is a little 
rodent of the South African veldt- th^ 
yellow mongoose is a stoat-lik(- carnivore 
inhabiting the same regions. Both retreat 
underground for safety ; and it frequently 
happens that they live side by side, or even 
share some burrows and runways in common 
Usually, however, their two streams of life 
do not come into more intimate contact 
for the mongooses come out to feed by day 
and only use the burrows to sleep in at 
night, while the gerbils sleep through the 
daylight and are purely nocturnal feeder. 
However, when the gerbils are smitten, ; 
is the fate of small rodents, with epidemics, 1 
they often crawl miserably out of their I 
burrows by day, and then are caught and] 
eaten by mongooses. One of ihc most I 
frequent diseases of gerbils is bitbonic ] 
plague. The ecologist accordingly exam- 
ines the excreta of the mongoose ; when he 
finds gerbil fur in them, he knows the gcrbils 
arc dying of some epidemic, and that this is 
more likely than not to be plague ; and 
so he can either pursue his irn estigatioiis 
further to make sure, or he can at once, 
though with a chance of being mistaken, 
recommend human precautions. 

Many people have heard of Darwin's j 
celebrated example of cats and clover. 
He pointed out that red clover, an important 
forage-crop, was absolutely dependent lor 
its fertilization upon the visits of humble- 
bees, hive-bees not having a long enough 
proboscis to reach the nectar. Humble- 
bees make underground nests in bank.s and 
slopes ; and these nests are often raided 
and destroyed by field mice, one obseiver I 
estimating that this fate befalls over two-tlurds^| 
of all the humble-bees’ nests in England- 
The number of field-mice especially near 1 
villages, is partly controlled by cats. An 
in this way, said Darwin, a decline in tnc 
number of cals would bring about a r^uc* 
tion in the amount of seed set by red closer- 

Modern ecology is inclined to critici/^e 1 1 
statement so far as cats are concerned, 
would need a vast multitude of cats to aticc^ j 
the mouse population very seriously. i 
the other hand, there is undoubtedly ^ ^ . 
connexion between the mice and the b » j 
so that tS?Ups and downs of the mouse pop 
lation will certainly affect the crop of clov 
seed. 
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i urner, the well-known student of rapid spreading, as when the opening up of 
Trfe {fointed out the connexion Africa brought sleeping sickness across from 
tlic growth of motor' traffic and the West Coast to the East. Thus the growth 
TTclinc of certain species of bird. Some- of civilization has been marked by a trail 
• ^ as wc all know, this connexion is of plagues, more explosive and more wide- 

T'-ous enough. The sparrow has almost spread than anything which primitive man 
bed from the central parts of many can have experienced, 
f dean towns now that he is deprived of . Agriculture brings similar difficulties, 
h '^droppings and scattered grain from City life crowds and agglomerates human 
But here is a subtler chain, being^. Agriculture crowds and" agglomer- 
fThosc remote days (a quarter of a century ates single kinds of plants and animals ; and 
when horse-buses were the Londoner’s the more thoroughly and intensively it is 
^^ain means of transport, much of the horses’ practised, the denser the agglomerations 
^fler was supplied from Norfolk. The and the more unnatural the massing, 
rank marsh-grasses were regularly cut, This crowding not only gives new oppor- 
irround into’^chaff, and sent off to the tunities to the fungi and bacteria and 
omnibus companies in London. The protozoa that are the causes of most animal 
marshes that were cut in any one year and plant tliseases, but is an open invitation 
provided ideal nesting-grounds for small to insects. This, is notably so in the tropics, 
iaders and plovers the next season. To-day where insects are more abundant and their 
their is no market for marsh-grass. It life runs quicker. Tropical agriculture, 
trrows dense and tall, and often is replaced though it gives promise of huge additions to 
in natural process of ecological succession the world’s supplies of food, is not merely 
l)v thick sedge. The snipe and redshank an invitation but an incitement to insects, 
and plo\er can no longer force their way And the greater the excellence of com- 
ihioufth this coarse tangle; and so fewer munications, the more chance of introducing 
ufthem can breed in Norfolk and their races lurking and often unsuspected pests from 
decline there. one part of the world to another — rats and 

Sometimes these obscure linkages have earwigs, forest-devouring caterpillars and 
important practical results. As we have crop-choking weeds. 

pointed out, the blackberry, imported into Again, the bringing in of the products 
New Zealand, has there changed from a of one region of the globe to supply the 
harmless weed, which compensates for its natural deficiencies of another is an obvious 
thorns by its contribution to jam, to a real way in which man may improve upon 
pest. But it is doubtful if it would ever nature. One has only to think of the food 
have done so but for the introduction of and recreation now abundantly provided 
Kuropean birds into the country. Some of in many previously barren, mountain streams 
these, notably the starling, devour its fruits, of the Rockies and the Bighorns by the 
pass the seeds out undigested, and thus introduction of trout, or the bcaqtification 
multiply its power of* dispersal. Without of Europe or American gardens by the flowers 
this aid the invasion of new territory would of China and South Africa. But here 
probably have been so slow that the plant almost more than anywhere else' it J^choves 
<ould easily have been kept in check. the would-be benefactor of humanity to 

proceed with caution ; if he is not careful 
he will do infinitely more ffian 

§ 2 good. 

r, , , ^ 7 Of late years, considerable progress has 

iests and Their Biological Control ^ new and difficult art— 

All over the world man has been busy the biological control of pests. Almost 
making difficulties for himself. The crowd- invariably, a pest is an animal or a plant 
ol human beings into cities, like the which has been introduced, whether dcliber- 
[^rowding of animals in their times of over- ately or accidentally into a new country. 
'Jjultiplication, give new openings to disease. Among the few exceptions, one is so 

city is the fosterer of commerce and esting that we must cit^it. The kea of New 
architecture, of learning and the arts; Zealand is a large and more or less ommvor- 
, Until it is disciplined and controlled, ous mountain parrot. Some time after the 
^ also the opportunity of *the bacterium, introduction • of sheep into New ^ Zealand^ 
reedorn of intercourse and communication it was found that the kea in certain regipns 
^^wiulates both trade and thought; but had taken to sheep killing. They wtUed 
gives disease-germs new ■ facilities for on the sheep s backs and tore away wilh their 
iM. ^ 609 
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powerful beaks until they exposed the 
wretched animals’ kidneys, which they 
devoured, killing the sheep in the process. 
Presumably they must have originally mis- 
taken the sheep for moss and lichen-covered 
rocks, and in scratching for insects, have 
found warm meat. In this case it was the 
introduction of new food which turned a 
harmless creature into a pest. A similar 
though less striking example comes from 
Africa. The birds known as ox-peckers were 
adapted to picking parasites from the 
tough hides of rhinoceroses. When domestic 
cattle were introduced, the birds turned their 
attention to them too. But here they often 
penetrated the skin. When the flesh is 
thus exposed, they .seem not averse to it, 
so that they too are on the way to become; a 
nuisance. 

When new species are introduced into a 
country, few will find themselves in the 
same balance as in their old home. P'or 
the majority, things will be unfavourable ; 
they fail to gain a footing, and some disap- 
pear. Now and again, however, the intro- 
duced species chances to be better suited ; 
and then its numbers will go up, often far 
beyond anything possible to it in its native 
country ; and not infrequently its abundance 
will force it into changed liabits. The 
starling in America has spread steadily since 
its introduction, and is reducing the numbers 
of many hole-breeding American birds by 
occupying so many of the limited supply 
of nesting sites. And once its population- 
density oversteps certain limits it is forced 
to change its food habits, and docs a good 
deal of damage. In moderate numbers, 
starlings (and the same is true for a number 
of other creatures) do good, on balance ; 
in great numbers they do harm. The earwig, 
a mere nuisance at home in Imrope, has 
become* a voracious and serious pest in 
New Zealand and the Pacific Coast of 
America, where some States have even set 
up special Bureaux of Earwig Control. The 
thistle was introduced into California by a 
Scotsman who wished to have his native 
emblem growing on his land ; but it 
multiplied and infested the lands of every- 
one else. Another patriotic Scot in New 
Zealand built a fence round the first thistle 
that appeared on liis farm, to protect it 
from possible enemies ; but it was the 
advance-guard of a formidable invasion. 
Thompson’s interesting book, The Acdi” 
malization of Plants and Animals in New ^ealand^ 
is full of similar examples of misguided zeal. 
English sparrows, for example, were intro- 
duced so that llicir matutinal chirpings 
bio 
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might help the early colonists to li.nje. ,1 ■ 
home-sickness. , 

Not infrequently, notably wiih iny.,., 
the devastating increase of an imrodurM 
species is due to its having arrived wi,i,„ " 
Its proper parasite enemies. If the r\Z 
parasites can be found and turned out ir 
quantity, the missing control is resumed and 
in a very short time the pest is reduced to 
harmlessness, or at least manageabiliu 
A good case is that of the Gipsy Motli ' 
Lymanlria dispar. This is a tcrrildc eneni\ < 
to trees, and even in its native Europe it i 
will from time to lime enter upon a period i 
of ovcr-rnultiplication and do eiionnous i 
damage to forests. But in America, wheic | 
it was introduced in the late nineteemh i 
century, it threatened to develop into a new 
Plague of E|^pl. Over wide stretches ol 
country it stripped every tree of its leaves, 
and when the trees were finished, the hui^r\ 
armies of caterpillars came down to earth and 
took to eating the herbs and flowers. An 
extraordinary sound fills the forest when the 
caterpillars are at the height of (heir ahun- 
dancc. Even on the stillest day iheie is <i 
continual rustling patter ; it is the sound 
made by their innumerable droppings. 

It was found lliat the moth had succeedid 
in entering the country without any ol’ iis 
insect parasites ; when three of the (oiii* 
monest of these were imported they ingiosnl 
a new equilibrium on the population of the 
species, and it became no more of a pesl in 
America than in Europe. 

One of the most striking examples ot 
biological control comes from the I'lii 
Islancls. Here, as on so many of the islaiRh 
of Oceania, the coco-nut palm is one ol tlic 
most important of vegetables, yielding uoi 
only many products for local use, but also 
the valuable coir fibre and the still nioic 
valuable copra, in which there is an extensive 
trade. 'Fowards the end of the last ccntuiy 
the coco-nut plantations of Viti Levu, one 
of the two large islands of the Fiji group, 
began to fail. All sorts of soil investigaliorii 
were made, but it was not for some years that 
anyone thought of looking for an insect 
enemy. It disclosed itself as soon as looked 
for — a lovely little purple-winged moth whose 
caterpillars devoured the leaves. The 
grew worse and worse, until in some planta- 
tions the trees were reduced to bare poles- 
So far the pest had been confined to tlie one 
island ; then suddenly in 1922 it appeared on 
two small islands on the way between 
Levu and*^anua Levu, the other big P‘ec'^ 
of land in Fiji, whose annual coco-nut crop 
was worth half a million sterling ; ^oid 
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look *1 further step to a new island. 

IS now began to feel desperate. 
liVon' i' a prize of ;£5,ooo for a cure for 
, pf.s( ; l)ut on its being pointed out to 
V^ni ^uch a discovery would inevitably 
he tlic rrsiilt of many men’s brains, wisely 
Jiin'^cd ikrir plan for one of deliberate 

had bren discovered that the coco-nut 
nioih ia f iji exempt from parasites. 

(‘Diomologists were set *the task of 
jindijig a parasite for it. They searched 
t]i(‘ coasts of the Pacific ; and one of them 
in Malaya found a related moth which was 
p.itasiiizcd by various enemies, the most 
hiipoitant being a certain kind of fly. 'J’he 
was to get the parasites to Fiji. 

I his was not so easy, as they do not hiber- 
However, by chartering a steamer to 
make a special voyage direct from Malaya 
idl iji, ;^oo flies were brought over in 1925. 
Ik twelve months later over 32,000 flies 
ii.ifl been bred and set free, and by 1928 
itK Ih had not only established itself wher- 
(\ri th(' moth was to be found, but was 
jiiatkitig between 75 and 90 per cent, of 
iiit‘ caK'i’pillars. From Java two more 
jMMsiies were introduced later, a second 
t]\ to prey on the caterpillar stage and a 
uii\ wasp-like insect which is a parasite 
1)1 ilic eggs. The result, three years alter 
i!u 111 si parasites were liberated, was that 
lilt mol h had become quite rare, and that 
<1 lolal cost of a few thousand pounds an 
Jnipori.'inl industry had been made sale from 
me fatal enemy at least, in perpetuity. 

Ibis kind of work has its difticultics as 
■bl .IS its triumphs. The sugar-cane borer 
' a liUlc weevil that was doing a vast deal 
d.miage in Hawaii in the early years of 
Ills century. Muir set out to find a parasite, 
'>(1 eventually, after over two years of 
tinting round the Pacific, discovered one in 
^tnboiiia, off the coast of New Guinea. But 
tnboina is 4,000 miles from Hawaii ; and 
'bj' lly has a short life-cycle, and is very 
^inicult to breed in cages. Eventually, after 
^ number of failures (for instance, Muir 
<^vdoped typhoid at sea, when travelling 
I'llh Ins flies, lost them all, and was forced 
Ru back to Amboina and begin all over 
the fly was brought to Hawaii by 
^tages first to Queensland, where a new 
' ncraiiou was bred, then to Fiji for a second 
k*^ner<uion, and so to Hawaii. Once it was 
ntiodiued in Hawaii it soon reduced the 
J|k?^n-(anc weevil from serious pest to 
nuisance. 

. ','jb''gical control of plant pests is also 
though both more difficult and 


more risky. You have to find an insect 
which will eat your weed and preferably 
nothing else ; at any rate it must not eat 
anything of use or value. By the aid of 
this ally you may arrest the spread of your 
pest, and then can proceed to measures of 
destruction — up-rooting and the like — which 
are of no account whatever when the 
plant is in the full tide of its unnatural 
increase. 

Considerable progress has been made by 
this means towards checking the onward 
inarch of the prickly-pear in Australia. 
It was at one time suggested that the spines 
.should be burnt off and the plants used for 
feeding cattle ; but it was pointed out that 
the annual increase of prickly-pear was 
considerably greater than the eating capacity 
of all the stock in Australia ! It was 
eventually decided tlial the only hope lay 
in biological control. A well-financed 
scheme of research was brought into being 
in 1920. Entomologists scoured the United 
States, South America, and the West Indies 
for enemies of prickly-pear and related kinds 
of cactus. For these a breeding-station 
belonging to the Australian Commonwealth 
was set up in Texas, and Special methods 
of transport were devised. Among the 
dozens of insects tried out, four main kinds 
have been liberated on a large scale —cater- 
pillars of the moth Cactoblastis that tunnel 
through the plant ; plant-bugs and cochineal 
insects which suck its juices, and the “ red 
spider ” (really a mite) which nibbles its 
surface, 'riiese are all confined to prickly- 
pear, and actually starve to death on any 
other plant, so narrowly specialized are 
their feeding-habits. 

With the aid of these arthropods, the pro- 
gress of this unpleasant vegetable has now 
apparently been checked. Australi^i land 
is no longer being covered with impenetrable 
prickly scrub to the extent of a thousand 
square miles (an area over the size of 
Warwickshire) every year ; and Australian 
civilization lias a breathing space to look 
round for other insect weapons to complete 
the pests’ destruction. 

To help in this work of biological control, 
special laboratories have been established 
in many countries. Perhaps the most 
remarkable is one near London attached 
to the Imperial Bureau of Entomology. 
In this “ Parasite Zoo,” biologists work out 
the methods of rearing all manner of insect 
parasites, and ship them in bulk to all 
parts of the British Empire as they arc 
required. 

But biological control is, not always 
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practicable. It is rarely possible, for instance, 
for man to employ vertebrates as his auxil- 
iaries in this way, for the simple reason that 
they, with their more plastic nervous systems, 
will not consent to remain tied to one kind 
of food after the manner of so many insects. 
They have the habit of switching over even 
from their favourite diet, should it grow 
scarce, and taking to another which happens 
to be more abundant. 

This habit has obvious dangers where a 
mammal, for instance, is introduced to 
cope with a pest. The most celebrated case 
of this kind is perhaps that of the mongooses 
introduced into the West Indies to cope 
with a plague of rats. They reduced the 
rats to a certain extent, but as the rats grew 
scarce, turned their attention to other 
creatures, especially wild birds and poultry; 
and speedily became a pest almost as bad 
as the one they had removed. 

For pests with a complicated life-history, 
increase of knowledge may sometimes reveal 
unexpected methods of control. There is, 
-for example, a disease of the white pine, 
known as blister-rust, which, may inflict 
great economic loss. This, like other rust 
diseases, is caused by a fungus which requires 
two hosts to complete its cycle of reproduction. 
The white pine is the first ; the second is 
wild gooseberry. If we can extirpate wild 
gooseberries, we can get rid of blister-rust 
as surely as we can stop men ^nd women 
having malaria by extirpating certain kinds ■ 
of mosquito (Fig. 271). This can be 
undertaken by direct methods. But a study 
of ecological succession has shown how good 
forestry will help on the extirpation. Where a 
clearing in the forest (the matter has been 
studied inNew England and the Adirondacks) 
is left to itself, the first stage of weeds and 
shrubs ^ives place ^Tter a year or so to 
shrubs and bushes, among which the wild 
gooseberries find a place. And these are 
succeeded by a forest stage, with white pine, 
maple, and other trees. Now the seeds of 
the gooseberry are dispersed in the droppings 
of fruit-eating birds ; and it so happens 
that when the forest stage is reached, these 
gooseberry-eaters no longer find the place 
to their liking, and depart for other clearings. 
The gooseberry plants still manage to survive 
under the shade of the trees, but in the absence 
of their natural disseminators they do not 
spread and multiply. It is only in open 
shrubby clearings that they can increase. 
The proper reforestation of cut-over parts 
of the forest, with a little judicious weeding 
among the young trees, will help reduce 
the goosebeny^bushes, and so the rust. 
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The Beiimngs Applied Bido^y 

In these and many other ways man ■ I 
beginning to turn his all too scanty bowled., 
of the ecological web to good accou„. 
Apart from economic difficulties, most nil 
the problems which agriculture has to face 
and many of those which beset medicine’ 
are probleim in applied ecology. 'Phis 
especially sa in new countries and tropical 
climates. Knowledge is already so diver- 
sified that we partition up the task amon? 
a panel of specialists-~soil chemists, 
legists, experts in moulds and fungi, i 
agronomists, foresters, bacteriologists’] 
public-health experts. But the problems] 
interlock and shift from one field to another, 
The entomologist, faced by a disease of 
crops, will make it his business to look for 
insects ; he may find them all right— and 
yet their undue abundance may be only the 
symptom of a weakened resistance of the 
plant, due to an attack of fungus, or to wrong 
methods of cultivation. The control ofj 
sleeping sickness, malaria, and yellow fever 
we now know, depends upon a knowledge 
of the numerous species of tsetse-Hies and 
mosquitoes and a full understanding of their 
habits. Medicine here would be helpks 
without the museum systematist with his 
vast collections, and the field .entomologist, 
busy observing the insects’ ways. 

But even ecology, wide though it be, is not 
wide enough. Physiology and genetics, 
embryology and bio-chemistry and other 
sister sciences must also join in the counsels 
of applied biology if she is to rise to the level 
of her opportunities. 

As J. B. S. Haldane has pointed out 
his Daedalus^ biological inventions have up 
to the present been few, and most of them 
were made before the dawn of histoiy- 
Of these early achievements there is the 
domestication of animals, and the domesu- 
cation of plants that we call agriculture. 
There is the utilization (doubtless not ma^ 
without the overcoming of much sacred 
repugnance) of the milk of other creatures , 
there is the harnessing of yeasts and bacteria 
to make alcoholic drinks and vinegar an 
curds and cheeses. Perhaps, as he suggest’ 
legends like that of the Minotaur 
widespread and startling essays in hyon ' 
ization ; whatever the truth of this, certain ) 
the discovery that stocks of animals an 
plants 5(gjld be improved by 
selecdonyhowever unconscious the 
may have been at the start, is td be 
as another grcaj: biological invention. 
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iJta of the rcKitlon of crops ; so 
"1 the practice of grafting ; so was irri- 
‘ n • employment of castra- 

render domestic animals tamer and 
nfer and so, too, was the deliberate practice 
( sumcry. All these date back to pre- 
Li 5 toric limes ; and from then until quite 
lately die tide of biological invention 
stagnated ; any progress lay almost wholly 
in the improvement of what ali^^ady existed. 

The eighteenth and nineteenth centuries 
saw the tide begin to flow again. There 
was the discovery of artificial insemination 
b\ the Abbe Spallanzani ; the use of chloro- 
form as an anaesthetic by Sir James Simpson ; 
the invention of artificial manures by 
Liebig ; Pasteur’s discoveries about im- 
munity, which made it possible for some 
diseases previously thought intractable, like 
rabies, to be cured, and others, like typhoid, 
10 be deliberately prevented ; the utiliza- 
I (ion by Lister of Pasteur’s discovery that 
puirefliction was caused by living bacteria, 
10 give the world antiseptic and then aseptic 
surger)^ ; the invention of new methods of 
controlling diseases, such as yellow fever and 
malaria, made possible by the discoveries 
ofManson, Ross, and Grassi as to the role 
played by insects in their transmission ; 
ilu’ discovery of how to isolate and bottle 
up the active principles of the organs of 
I chemical control, such as thyroid and 
adrenal, for use whenever needed — these 
are some. Another biological invention of 
this period must be mentioned, and that 
i^ the invention of safe and simple methods 
uf preventing conception ; for whether we 
approve or disapprove of their use we cannot 
l>ut admit that their invention opens the 
door to momentous consequences. 

Matters are moving a little more quickly 
i'l this twentieth century. Neither Loeb’s 
peat discovery of how to make unfertilized 
develop, nor the equally remarkable 
discovery of tissue-culture, has as yet 
received any practical application. But wc 
have made a beginning with this business 
jjl biological control of pests ; we have 
hepn to supplement the empirical practices 
(often admirable in their way) of the plant- 
ed animabbreeder with the application of 
Mendelian principles ; and in a few places 
have made a timid beginning in apply- 
knowledge of heredity to the improve- 
of our own species. We are making 
steady progress in the task of finding a drug 
'vmdi will produce healthy slcc)3 without 
afier-cflfccta. Tlic discoveries concerning 
'iiamins and mineral salts and food-balance 
making poerible the invention of a healthy 


diet for city-dwellers ; those concerning 
the effects of ultra-violet rays and radiant 
heat are on the way to give us healthy houses, 
and in time, let us hope, fogless towns. 
And we have had the invention of a method, 
however imperfect as yet, for rejuvenation. 

The list, it will be perceived, is not a long 
one ; and it is out of all proportion to the 
biological imaginations oi mankind. Man 
has dreamt of prolonging his life ; of con- 
trolling the destinies of society as he cair 
now control a business or a machine ; or 
eliminating pain ; of building a new ra^, 
all of whom should be strong and beautiful, 
clever and brave and good ; of harnessing 
the forces of life to work for us as effectively 
as wc have harnessed the forces of lifeless 
matter ; of creating living matter anew ; 
of getting rid of disease ; of making^synthetic 
food and drink and substances which should 
stimulate and enlarge this or that faculty 
without being followed by depression or 
injurious effects ; of fashioning new kinds 
of animals and plants as easily as he fashions 
clay or wood or metal ; of painless, quiet 
and happy dying ; of the abolition of fear 
and worry, cruelty and injustice ; of an 
intensification of human capacity for living 
— the abolishing of fatigue, the enhancement 
of vigour and enjoyment ; of making life 
yield happiness, or if not happiness, then 
joy and divine discontent. 

Those are dreams that depend for their 
realization on the sciences of life ; and 
what a paltry beginning we have as yet 
made with their realization ! This is in 
part due to our refusal to use the knowledge 
already available to us ; but to a far greater 
extent it is due to a lack of knowledge. 
Without a thorough knowledge of the 
abstruse and apparently academic principles 
of physics and chemistry not a singl|P motor- 
car or wireless set, let alone an aeroplane 
or a television apparatus, could ever have 
been built ; and we must get to know much 
more about the chemistry and physics of 
living matter, its psychology, the laws of 
its heredity, the mode of development of 
its body and its mind, before we shall be 
able to satisfy man’s biological ambitions. 

We may give one or two examples of the 
way in which the problems of applied 
biology are opening out. Let us take first 
the problem of the world’s grass. The 
story begins with the veterinary surgeons. 
They told of diseases which mysteriously 
affected cattle, pigs, sheep, and hotM, 
their growth and condition, their fertility, 
and their yield of meat, milk, or wool. 
Eventually these diseases were traced to a 
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deficiency of diet ; the animals were not • 
getting enough mineral salts in their food. 
Sometimes it was iron that was deficient, 
sometimes iodine ; not infrequently calcium, 
and most often phosphorus. Vast tracts 
of land in Africa, in Australia, in the west 
of Scotland, in the United States, are short 
of one or other of these vital elements. 

Wild animals could thrive and reproduce 
in these regions because in nature a balance 
is automatically struck ; the country carries 
what it can carry. Moreover, when the 
animals die, the materials of their bodies 
return to the soil. 

When man comes on the .scene, matters are 
altered. He crowds the country with 
animals. He hurries up their growth and 
increases the demands they make on the 
soil. A modern cow gives about a thousand 
gallons of milk at one lactation period, and 
produces her first calf at about three years ; 
the native cattle of Africa do not breed till 
they are six, and yield at most three hundred 
gallons of milk at one lactation. And too 
often he ships olT the meat, bone-meal, 
cheese, leather, and wool without putting 
anything back in the soil. He forgets that 
all their mineral ingredients have come out 
of the soil. A country that is exporting 
grassland products is also exporting grass- 
land fertility. There are large areas which 
are naturally deficient in minerals ; but man 
has been creating mineral-deficiency over 
other and vaster areas. 

In untamed country, animals, wild and 
domestic, may make up for mineral defects 
by making periodic journeys to salt-licks 
and storing their systems with the elements 
they need. But when the lands grow settled, 
fencing interferes with these pilgrimages, as 
it has, for instance, in JCcnya. 

Once the diseases of cattle had drawn 
attention to this problem, research pursued 
clues in new directions. It was found that 
the amount of calcium or other mineral 
elements in the soil which was enough to 
prevent disease was not nearly enough to 
allow animals to give their maximum yield. 
Most pastures can have their stock-carrying 
capacity materially increased by adding 
mineral fertilizers. Then it was discovered 
that different grasses were by no means equal 
in their demands and their performance. In 
some dry countries, if you provide the right 
brand of salts and the right breed of grasses 
and clover, you can without irrigation turn 
a mean, scrubby jjasture into a rich sward. 
You can breed grasses which will grow twice 
as fast as ordinary wild grasses. You can 
import new breeds of grass as you now 
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introduce new sttmna of mai/(‘ , 

In New Zealand, for instance thcr'?”' 
no indigenous animals that ^^raze • 
when cows and sheep are intr.Kluced “.t' 
native grasses fade out unck'r the ^ 
accustomed nibbling. The New 
pastures can only continue productive if ti* 
right sward-plants are imported. Science ■ 
now making a resolute attack on the problem 
Co-ordinated work like that of the Gr 
Research Station at Aberystwyth is inakinj 
a good beginning; from these WckI 
uplands new varieties are destined to he 
all over the world. * 

We have already bred animals that c.u 
build meat and milk and produce new nuMi.l 
and-milk machines like themselves twice aJ 
fast as the wild representatives of their specics f 
if wc take half the trouble with the gcneiicl 
of grass and clover which we have alrcadv 
taken with wheat and corn, we can make 
pasture that grows twice as fast as the averaite 
pasture of to-day ; and if we pay attention 
to the elementary chemistry of the vn!, 
we can ensure that this doubled dcrn.ind 
shall be satisfied. The value of producis] 
which come out of grassland is enormous 
as much as that of all our cereal empsj 
together. If wc like, we can douhk or| 
treble this enormous yield. 

From grass we may pass to wheat 
wheatficlds of the world (we are citing Siij 
Frederick Keeblc's Life of Plants) cover .iboiit I 
400,000 square miles, and the average )jelclj 
is about thirteen bushels to the net c A 
bushel of wheat weighs some .si\l\-lhu'e 
pounds, so that this amounts to just ahoiii I 
one hundred million tons. There are one j 
thousand six hundred and twrntv-ii\e j 
calorics of energy- value in a pound of wheat, 
and the average number of calorii's neetled. 
to keep a man going for a day is about thm 
thousand. So, if we translate our wheat 
into terms of energy, and “ if man could aiu 
did live by bread alone, the wheat crop 01 
the world would each year provide sustenance 
for wellnigh three hundred million men. 

No wonder that the world’s whcat-bcu^ 
are important. They can be made more j 
important in various ways — by improve 
agricultural practice, by breeding diseast 
resistant strains, and so forth. , 

only consider one way. They can been 
more important by being made to gre 
larger — through the breeding ol , 
strains which will creep up towards t 
by growing and ripening earliei . ' ^ ^ 

day taken off the average time needed lor^ 
wheat to llpen means so many mon 
advance of the wheat-belt northwaic. 



UNDER CONTROL 


„iv years of the present century ■ 
S umders, father and two sons, 
il"’ * ,„.w wheat called Marquis. It 

I i «< ek to ten days earlier than Red 
f'P.'’"'' i,irh had been for years the staple 
f''" rain. Between ign and 1916, 

^ s superseded Red Fife, and the limit 
''Xat-firming was pushed My miles 
al norlhw.ards. Since then other wheats 
r ! I, ceil invented which live at an even 
" kcr rate -Ruby, Garnett, and Reward ; 
‘•'1 „hc It has been brought another forty 
'Vs nearer the north pole. There must be 
Viinit to the process ; but it has not yet 
hirn rraehed. 

§ 4 

T/if^ Ecological Outlook 


Lrl us in conclusion summarize the 
..(oloKital outlook of our species. The 
uirditiiil fact in the problem of the human 
nmirc is the increase in the speed of change. 

I ho foloni/ation of new countries, the change 
linmfoicst to fields, the reclamation of land 
iiom sea, the making of lakes, the intro- 
duction of new animals and plants— all 
these in pro-hum an evolution were the affairs 
oi secular time, where a thousand years are 
lint as yo.sterday ; but now they are achieved 
111 centuries or even decades. One cannot 
. estiiiialo such changes exactly, but we shall 
not he far out if we say that man is imposing 
nil [lie life of the world a rate of change ten 
ilioiisancl times as great as any rate of change 
!! c\’er know before. 

ill the second place, the change is be- 
coming deliberate. What before was 
Khievod by slow shiftings of balance due 
lo utuonscious competition is now being 
bleed on nature at the point of human 
(onsriousnoss. And man is envisaging new 
methods uf dealing with the old problems, 
lie is tapping new sources of chemical 
^'ipply and new sources of energy. He may 
even sucrccd in dispensing with green plants 
•IS prime producers, and himself obtain the 
ni.umfaeiurc of food-stuffs direct from their 
drments. 


fn all this there is promise ; but there is 
mso danger. The disadvantages of pre- 
human methods of evolution are their 
‘Md^alling slowness, their equally appalling 
^vastcfuluess, and the fact that what is 
•‘chieved is simply something that will 
and not something planned to work 
tlu' ])cst and smoothest way. It is, 
^uiatiK speaking, stupid that each year 
j^‘''c‘e-c|uarters of all the young that singing 
pmduce must come to nothing, and 
P^maps ninety-nine per cent, of all the #eds 


that arc made by flowers. It is stupid that 
the life-community, in its task of utilizing 
the resources of nature, should ])e hampered 
by unnecessary middlemen and by creatures 
that short-circuit the vital circulation, but 
that is what the unrestricted competition 
of life leads to, as it leads to the sufferings of 
bacterial disease, and to parasite cruelty. 
It is stupid, again from our human stand- 
point, that the world had to rotate on its 
axis some fifty thousand million times after 
the reptiles began to dominate it before their 
brainless ascendancy was brought to an end 
in favour of the mammals. 

Yet these disadvantages involve certain 
countervailing advantages. Such wastage 
evokes enormous reserves. The exuberance 
which most living things must possess 
to survive at all in such a wasteful world 
is one of their beauties ; and the reserves 
of energy, of leisure, of reproductive capacity 
which life must possess against the time of 
struggle, have been the soil out of which 
precious and unexpected advances have 
blossomed. If progress has been slow, it has 
been steady ; if competition seems to have 
generated an unnecessary variety, yet it has 
ensured that when one type perished, new 
types were always present to take its place ; 
if the communities of life are slow growths, 
they arc adjusted and balanced growths ; 
and epidemic disease and parasites, however 
cruel and wasteful, arc among the checks 
and counterchecks hy which this adjustment 
is maintained. 

And conversely, the advantages opened up 
to man by the possibility of conscious quick 
attack upon his problems have their dangers. 
He can colonize a new country in record 
time and bring in his own appurtenances 
in the way of domestic animals and crop- 
plants ; but, as we have seen, he almost 
inevitably upsets the balance of nature in the 
process and introduces devastating pests. 
He can make the soil produce a life-com- 
munity which, like a wheat-crop, or a 
combination of grass and cattle, shall be 
most efficiently adapted to the one particular 
purpose he has in view ; but he will be 
upsetting the chemical balance by removing 
the crop from where it grew without re- 
placing its mineral constituents. He can 
tap new sources of food and ener^ , 
but too often lives on capital without putting 
by anything for the future. He can elimin- 
ate economic waste ; but he runs the risk 
of creating a life without exuberance, with 
all the reserves of vitality thrown into the 
daily struggle. He can reduce disease and 
the wastage of human life ; he is brought 
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df perpetuating 

ftocb mat migiit oetter never exist at 
In a word, man can sec what he wants ; 
and because he sees what he wants he can 
make an immediate bid for it, and change 
the face of things with unbiological rapidity. 
But he will be very unlikely by the light of 
nature to see all the multifarious consequences 
of his bid ; and too often the consequences 
will be quite different from what he wanted, 
and will turn to his harm instead of his help. 

What makes it possible for man to go 
fast is his conscious mind and deliberate 
purpose. But it is not enough that merely 
his aim and his main effort towards it should 
be conscious ; the whole process must be 
conscious. He cannot leave details to 
Nature and expect her to be on his side. 
He cannot mix the new process and the old. 
That is why the formidable apparatus of 
organized research and applied science is 
necessary if civilization is to continue ; for 
it is the only possible substitute for Nature’s 
clumsy sequences of secular struggle, the sacri- 
fice of the many for the few, broadcast waste 
to ensure the rare lucky survival, ruthless 
pt*uning, adaptation through strife and death. 

From the standpoint of biological econ- 
omics, of which human economics is but a 
part, man’s general problem is this — to make 
the vital circulation of matter and energy as 
swift, efficient, and wasteless as it can be 
made ; and, since we are first and foremost 
a continuing race, to see that we are not 
achieving an immediate efficiency at the 
expense of later generations. 

To this end, man, with the aid of scientific 
breeding and selection, can produce organ- 


centunes he has aticeliirated the rirS '^ 
of inatter-*om raw materials to fo^ ‘'*5 
took and luxuries and back to raw 
again to an unprecedented speed, Bm T 
has done it by drawing on reserves of caDit!i' 
He is using up the bottled sunshine of T i 
thousands of times more quickly than Natm 
succeeds in storing it ; and the same ra ! 
of wastage holds for oil and natural 
By reckless cutting without rc-afforestatL' 
he has not only been incurring a timber lack 
which future generations will have to face 
but he has been robbing great stretches of thi 
world of their soil and even of the climate 
which plant evolution had given them 
This stripping the land of trees, soil, and 
moisture has gone on both in East and 
West. It is serious on the Mediterranean 
mountains ; but it has reaphed its climax 
in China. That land is so densely populated 
that trees have given place to food-plants; 
there are often no trees at all, or only in 
gardens, over great tracts of country. Wood 
for fuel is in such parts almost unknown; 
the people burn straw and dung and refuse, 
By over-killing, man has exterminated 
magnificent creatures like the bison a,s 
wild species. Less than a century 
herds numbered by the hundred thou.sand 
covered the Great Plains. Buffalo Bill 
killed 4,280 bison wit^x his own rifle in a 
year and a half ; and that was far from beini( 
a record. The United States Government 
detailed troops to help in the slaugfitcr, 
in order to force the Indians, by depriving 
them of their normal subsistence, to settle 


isms which are quicker and more efficient 
transformers of matter than anything found 
in Nature ; but he can only do so if he helps 
Nature to satisfy their increased demands. 
A mere truism ? Not by any means. 
It is true that since before recorded history 
cultivators and stock-raisers have used 
natural manure and extra fodder ; it i" true 
that in the last century, since thf work 
of Liebig, Lawes and Gilbert, the mploy- 
ment of chemical manures has become almost 
universal. But up till quite r^’cently man 
has taken little thought fo* the morrow 
beyond tlie single crop. It, is true again 
that he has been forced by ^he demands of 
his wheat and corn to let ^is land lie fallow 
from time to time, or to mtroduce nitrogen- 
catching crops, like clc ver or lupins, into 
his rotation ; but that i ; only a beginning, 
and the depletion of grassland we have just 
been considering is a remin ler of the serious- 
ness of the problem in othei fields. 
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down to agricultural life on reservations. 
To-day there remain a few small protericci 
herds. 

By over-killing he has almost wiped out 
whales in the northern hemisphere, and unless i 
some international agreement is soon arrived ; 
at, the improvement of engines of destruction ; 
is likely to do the same for the antarctic 
seas. If he is not careful, the hir-bearcis 
will go the same road ; and the big ° 
the world is doomed to go, and to go speedil), 
unless we take measures to stop its extinction. 
By taking crop after crop of wheat and corn 
out of the land in quick succession, 
exhausted the riches of the virgin soils ol t le 
American west ; and is now doing the same 
for the grass-lands of the world 
crop after crop of sheep and cattle ’ 
To make good these losses of the soil, 
has crushed up the nitre of Chile, the gua 
of Peru,"^e stores of phosphate 
vat)|pu8 parts of the earth’s crust. Init t 



nrp capiJ'il killing of fiir-^kb at sea was prohibited by ■ 

recklcssrimTm^:>^ international agreement, and by 1924 the 

was appalling^ rlitnaciis: gave man herd numbered 700,000, and is still continu- 

r^tkle of f^omo s^ns, Man the Wise, ing to increase. If the whalers and the 

is sometimes tempt^ to agree with trappers and the big-game hunters are not 

p fessor Riehet, who thinks that a more too stupid to take similar precautions, 

bie designation would have been Homo whales and fur-bearing creatures and big 

Man the Fool. ^ game can be saved too. 

^\fan's chief need to-day is to look ahead. In these fields man has only got to take a 
Hg i^ust plan his food and cneifey circulation little trouble and ‘ he need ^ not fear the 

carefully as a board of directors plans a future. But in the matter (>f phosphorus, 
Ibiisiness. He must do it as one community, the prospects are not so bright. Phosphorus 
1 n a world-wide basis ; and as a species, on is an essential oonstituent of all living 

[3 continuing basis. In the first place, he creatures. It is, however, a rather rare 

jyiust learn to adjust population to supplies, element in nature, constituting only about 
land not be always and only thinking of one seven-hundredth part of the earth’s 
I the adjustment of supplies to population, crust. In the ocean, the proportion is 

Population may soon need to be controlled as infinitesimal, only five parts of phosphate 

nri^ently as war or unrestricted individu- to one hundred thousand of sea-water, 

alism needs to be controlled now. In the This is because phosphorus is the limiting 

mailer of supplies he must make provision factor for marine life. To exist at all, 
for the future ; the species must have its living matter in the sea must contain, per 
reserves of nitrogen and phosphorus, of unit of weight, almost one hundred times 
i limber-growth and soil-fertility, of useful as much phosphorus as the surrounding 
animals and of sources of energy, just as water. Most of the sea’s phosphorus is 
surely as the Bank of England must have imprisoned in living bodies. Of all the 
Its reserves of gold and credit, or a factory phosphorus in the sea and in its animals 
must allow for the depreciation of its plant, and plants, some gets back to land in 
As a matter of fact, the situation is not so guano, some in phosphate deposits^ made 
bad as it looks at first sight. We are using of fossil bones and shells, some in fish 
up our coal and oil ; but water-power is that man catches and brings ashore ; but 
always with us, and there are tide-power and all this is a trifling fraction of the whole, 
suii-power and wind-power for us to tap. and for the most part slow-accumulating. 

IVe are using up our oil ; but sooner or On land, meanwhile, the soil is losing 

later we shall replace it satisfactorily by phosphorus all the time, partly by leach- 
power-alcohol made from plants. All over ing out into rivers, partly by crop de- 
the world scientific forestry is beginning pletion. From the soil of the United 
to replace irresponsible lumbering. The States alone the equivalent of some six 
Peruvian Government’s regulations for their million Ions of phosphate is disappearing 
Ruano islands have ensured that each year every year ; and only about a quarter of 
tlie birds shall contribute to the needs of the this is put back in fertilizers. Meanwhile, 
luturc as much as man removes for the needs the store of fertilizers is bding depleted, 

tile present. The nitre-beds will be and man (Homo stultus again !) is sluicing 

boisbed up, but humanity need no longer phosphorus recklessly into the ocean in 
^'orry now that a way has been found for sewage. Each year, the equivalent of over 
bringing nitrogen from the air’s inexhaustible a million tons of phosphate rock is thus 
reservoirs into a form available for plants, dumped out to sea, most of it for all practical 
International agreements have not only saved purposes irrecoverable. The Chinese may 
Alaskan fur-seals from imminent de- be less sanitary in their methods of sewage 
struction, but restored them to abundance, disposal, but they are certainly more 

In the 70’s of last century, the herd of sensible ; in China, what has been taken 

nr-scals on the Pribiloff Islands off Alaska out of the soil is put back into the soil, 
liumbcred about two-and-a-half million It is urgently necessary that Western 
jnaividuals. So long as animals were only civilized ” man shall alter his methods of 
^bled on the islands, the number taken each sewage disposal. If he does not, there will be 
I could be regulated. But private enter- a phosphorus shortage, and therefore a food 
i began to kSl them on the high seas— shortage, in a few generations. But even if he 
I result that by 1896 there were less does that he will still have to keep his eye on 

[ ^an 600,000 left, and in 1911, only just phosphorus; it is the weak Imk in the vital 

I 200,000. that year, how0Vp|||,^ chain on which his civilization is supported. 
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§ I 

Is Man Particularly Unhealthy? 

I T will h^ve become evident to the reader 
that much of what is written in Book 6 
bears very directly on the problems of 
human health and disease. We have seen 
that all living things arc continually engaged 
in an exacting struggle with their environ- 
menis. For every single healthy animal 
01 plant which attains maturity and hands 
nil its genes to future generations a multitude 
siilTers and fails. Human ill-health is no 
moie than a special case in that great 
spiTlaclc of defeat and failure. We find 
throughout the rest of life parallels to the 
diseases that haunt our own. Birds, for 
('Kample, are affected by their own special 
inim ol' malaria ; mice have cancer and 
bubonic plague ; plants suffer extremely 
from contagious diseases. Naturally enough, 
crippled and unhealthy individuals are not 
•y) noticeable in wild creatures as they are 
in our own species, for the greater severity of 
tlinr struggle for existence removes them 
speedily from our observation. But the 
diseases are there, and besides the more 
striking diseases to which we have just 
alluded there are the subtler derangements 
produced by unsuitable environmental 
hiclors ; every species has, ringing the 
‘trea in which it lives and to which it is 
birly adapted, a margin of less suitable 
habitat, where existence is barely possible, 
'diere food is short, or the climate too 
or too cold, but into which the pressure 
^'1 population drives a certain number of 
jjidividuals who can just hold out there, 
of any living species are completely 
happy in their habitat, for exterior circum- 
stances are always changing and are gener- 
ally ahead of adaptation. A consequent 
stress and malaise rests therefore upon the 
sanuving minority of each generation even 
* such species are holding their own in the 
struggle. 

Manilas evolved along unique lines because 
the extensive grey matter of his tCcrebrkl 
^‘<imisp})eres • to a quite unparalleled degree 
Controls his environment ; and so his 
for health and bodily and mental 


vigour assumes special features of its own. 
He makes a longer fight for it. One hears 
a lot of nonsense about “ natural health ** 
— about savages and wild things being 
almost uniformly fit, while only civilized 
man is disease-ridden ; the suggestion 
generally follows that by turning one’s back 
on civilization and taking to the woods 
one could achieve a savage healthiness. 
In truth what wquld be achieved would be 
a swifter death. No one who has taken the 
pains to look carefully into the matter will 
carry out this idea as to the freedom of 
savage races from disease. What one sees 
among savages is not the vigour of prolonged 
life but the brief precarious vigour of youth ; 
the ailing have already been removed from 
the sample. Our flint-chipping ancestors 
were not exempt, as their skeletons show, 
from gouty disorders, from abscess and caries. 
They probably suffered from most sorts of 
human disease. “ Perfect health ” is a 
fantasy. The unstable health of man is 
only a case of the universal instability of life, 
and we are more vividly aware of unhealthi- 
ness in human communities because it is 
less swift in its action. We are, paradoxically, 
more aware of human unhealthiness because 
man is one of the most resistant of living 
animals. * 

Man’s body, as we have shown in our 
opening Book, is a complicated and delicate 
structure, liable to derangement in endless 
ways. Its continual equilibrium exceeds the 
feats of a Japanese balancer. Yet man takes 
it into the strangest surroundings, into 
extremes of heat and cold, subjects it 
unwonted pressures and the greatest desic- 
cation and humidity that any living thing 
can endure. He is continually varying his 
dietary. He is continually exposing himself 
to strange infections. Yet by means of 
skin, hair, sweat, shivering and so forth, 
by the perpetual vigilance of liver and 
kidneys, by the antiseptics of its gastric juice, 
its tears and other protective secretions, its 
armies of white corpuscles and anti-toxins, 
this astounding body of his sustains itself in 
effective action. 

We are now going to review the general 
struggle of man to keep healthy and fit, 
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BOOK 7 


THE SCIENCE OF LIFE 


to give a brief summary of medical principles 
at the present time. But first we may say 
a word or two about the great individual 
variability^of human beings in these matters. 
Because man has so great a power of artificial 
resistance to the assaults of his environment, 
a number of congenital peculiarities present 
themselves, which would probably not have 
survived under more stringent conditions. 
There are numbers of individuals who are 
not so much diseased or unhealthy as 
abnormal. I’hey must avoid things that 
most of us need not avoid, or do things that 
most of us need not do. I'here arc people, 
wc noted in a previous chapter, whose blood 
will not clot of its own accord and who 



CHA1>T£[^ 

or the red or white blood-c( IK 
abnormally formed ; or the bones ul r; 
unusually brittle, especially in later 
or a bony stiffening may be de veloped ’ 
the connective tissue round the niusl*'^ 
Gout is a disease in which hereditary 
play a large part. Then there an- vari™' 
chemical abnormalities, such as die regular 
excretion of an aromatic substance 
gentisic acid in the urine, and the presence of 
a pigment in the blood which makes the 
victim painfully sensitive to light, developiiKt 
a pox-like eruption and perhaps deeped 
graver symptoms if too brilliantly illumue 
ated. 

These are rare conditions. But in addition 
to such quite obvious abnorinaliiitj 
there must be smaller, less con- 
spicuous inherent differences wlmh 
in conjunction with outer circum- 
stances may inconvenience or c\cii 
impair or injure, and tlu;rc aic , 
sorts of odd congenital varialions 
appetite, preference and response to 
particular conditions. Wc lay sticss 
on the fact of idiosyncrasy licre 
because it compels us to write \m 
generally in what follows ; ilim 
are very few rules of health ul 
universal validity. What is oik 
man’s meat may be another man 
poison. In quite a numhci < 
matters wc have each of us, with 
such medical advice as wc canmt- 
to discover our own personal equa- 
tions and work our own rules ol liii , 


Fig. 267. Bacilli of typhoid feveiy which swim by 
of long flagella. 

may therefore lose quite considerable 
volumes of blood from a small cut. There 
are people whose ductless glands are de- 
fective ; their thyroids, for example, may 
not produce enough secretion and they may 
remain infantile and idiotic instead of grow- 
ing up. Recently the attention of medical 
workers has been increasingly focused on the 
study of “ diathesis ” — i.c. of these consti- 
tutional peculiarities. Other kinds^ of 
inherited tissue weaknesses do not manifest 
themselves at birth but appear later in 
life and then, it may be, simulate diseases 
due to the action of external causes. There 
may be various symptoms ; the nerv'c-cells 
or muscle cells wither away slowly and 
arc replaced by useless fibrous tissue ; 
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S' - 

Microbes 

As we ail know nowadays, in- 
fectious diseases are due to livini^ 
parasites. Seventy years ago this 
was quite unknown. Bacteriology 
existed for no more than a human lilftinn' ; 
It was generally believed at that tiim 
that some sort of relation existed between 
disease and putrefaction and such change | 
as the souring of milk and the I'roimng 
alcoholic fermentation of sugary 11^1^ 
but the basis of the relation was ciitne ) 
obscure. The processes were supposed to 
purely chemical changes. And although j 
was known that microscopic “ aiiinia 
cules ” were present in fermenting and 
iiig things, and even in diseased blood- 
the anthrax bacillus was seen by a German 

worker in 1855 — they were regarded as 
results, n^t causes of the phenomena ; 
were supj^osed to be generated b> ^ ^ 



. . dniigeS' Then very rapidly the 
l'l^'l■ur transformed men’s ideas 
"^,"'01“'''’"’"='^ hygiene, medical and 


we shall follow 
the terms “ mi- 
to cover any invisibly 


, the following pages ^ 

‘ and employ the terms mi- 

yricni u. ‘ .. . . , 


To some biologists 


rolie’' 01 “germ 
H discase-causcr. 

. (prnis may be objectionable because 
may designate members of very 
nlrrciit jjroiips— bacteria, protozoa, simple 
Lilds and filter-passing viruses— 

,1,1 they arc too convenient to be sacrificed 
III that a( ('oiirit. 

^ot all microbes are harmful. That is 
, erroneous idea. As we saw in 
^H)k iliore are neutral and 
iniplicial microbes ; as examples 
,i ih(‘ latter the cheese-makers and 
lie iiitroncn-fixers in the soil may 
)(' rited. rjor are the microbes 
\hi(haiT definitely disease-causers 
ill on the same grade of specializ- 
iiioii and malignity. First there arc 
imhly specialized ones, which have 
iddpied themselves completely for 
j pai aside life in our bodies. 

Adinplcs of' tliesc are the organisms 
diisjiii; smallpox and influenza, 
vliidi can only be caught by direct 
11 nidiiiTt contact with an infected 
ptison being transferred, for exam- 
pk 1)\ a towel, or an article of 
(Ici/jiiij:;, or a droplet of sneezed-oul 
fiitiiiii. The protozoon that causes 
ii.ilana is another highly specialized 
).ir.isii(‘, carried from man to man 
mosquitoes. Anthrax is another 
poi.iljst, although it will invade 
ti' blood of any warm-blooded 
'miial indiscriminately. It is a 
nmt destroyer of flocks and herds, 
lie anthrax bacillus is able to turn 
nil, when conditions are adverse, 

‘to hard, resistant spores which can wait 
“ \oars in a state of suspended animation. 

I sucli a spore should chance to be 
'allowed with a blade of gra.ss by a 
animal, or, dry ’and dusty, get on 
a soj e or scratched skin, it revives and 
^“uliiplies in the blood. 

f^knirasted with these completely para- 
^‘tic bacteria there is a series of disease germs 
''Inch ran live inside or outside human 
Indies as they choose, given suitable con- 
I itions of temperature and nourishment. 

>c cholera vibrio and the typhoid bacillus 
jail flourish and apparently multiply in 
|^^‘di'"aier or in damp soil, and great 
^"^plosions of these diseases may follow the 


entry of their microbes into the water supply 
of a town. The ftiicrobes causing tetanus 
(or lockjaw) and gas gangrene are essentially 
not parasites at all ; they can go on flourishing 
if there are no big animals in the world, but 
if they get into a cut or scratch, then they 
increase, multiply and poison the whole 
system. During the Boer War, which was 
fought mostly on wild uncultivated land, 
tetanus was practically unknown, but during 
the Great War, fought on richer and infected 
soil, tetanus was very common, and led to 
a considerable mortality until suitable means 
of combating the disease had been adopted. 

When it gets a footing in a human body, 
a parasitic microbe may harm its host in 



Fig. 26B. Bacilli of diphtheria, which live in* the throat, 
but shed a powerful poison into the blood, affecting especially 
the heart, kidneys, and nervous system. 


various ways and to various degrees, 
according to its nature. It may actively 
attack his tissues *”thus the malaria parasite 
enters and destroys his red blood-cells. 
Or it may injure by shedding poisons into 
the blood-stream. The tetanus bacillus 
stays in the region of the wound but sheds 
a highly poisonous substance (or toxin) 
into the blood which upsets the nervous 
system and produces violent and painful 
muscular spasms~a poison so deadly that 
less than a ten- thousandth of a gram — 
about one three-hundred-thousandth of 
an ounce — is enough to kill a man. 

The diphtheria bacillus lives in the throat 
of its victim, where there appear charactcr- 

623 




BOOK 7 


THE SCIENCE OF LIFE 


CHAP 

' ‘ '4 


HR 


istic Blms of b^oRen-do\^, inflamed tissue. 
Nevertheless the effects of diphtheria are 
felt ail over the body. This is because the 
bacilli shed traces of a very powerful poison 
into the blood. If they are grown in 
artificial broth for some weeks and the 
broth is then filtered through a porcelain 
filter so that all the bacteria are len behind, 
their toxins remain and the broth will now 
produce diphtheria symptoms in the heart, 
kidney and nervous system, if injected into 
an animal. But that animal will not dis- 
tribute diphtheria infection, because that 
requires the bacteria. 

The actual process of infection, the entry 
of the microbes into their host, is an extra- 



Fig, 269. Cholera vibrmy which swim with very 
writhing movements, 

ordinarily complicated and various one. 
It is affected by a great number of different 
factors, and round these questions of invasion 
and distribution the chief difficulties of 
bacteriology arise. 

The central puzzle is the fact that one and 
the same microbe can be carried by some 
people without hurting them in the slightest, 
while on others it has the most destructive 
effects. There are people, for example, 
who can carry typhoid or cholera in their 
systems and excrete swarms of active, 
deadly bacteria in their faeces and urine 
without themselves showing the* slightest 
sign of illness. One has only to imagine a 
typhoid-carrier with a job as cook or waiter 
in a restaurant to realize how lai^ a part 
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such people play in spreadins dis.,. 
Sometimes they have had a mild bout^' 
the disease which has left them immu ^ 
it has been estimated that one person ou^ 1 
every twenty that recovers from typhoSf 
becomes a carrier for the bacillus. Som^ 
times these “carriers” are congenitallvl 
protected against the particular microbcl 
that they spread. Such phenomena are 
found in most microbe infections. 

Diphtheria as a disease spread almost 
entirely by carriers. The microbe has often 
been found at the back of the nose of healthy 
people. It has even been estimated that 
in a crowded working-class district wherej 
diphtheria is about, one child in every ten* 
may be a “ carrier.” The laciorsl 
controlling the virulence of the! 
diphtheria bacillus are complicated 
and by no means clear. 'Fhe con- 
stitution of the host certainly play 
part. Some people seem to be 
naturally immune, and the per- 
centage of these immune people 
varies with age in a curious way. 
For the first six months alter birth 
almost all children are immune, but 
at the end of that time the immunity 
has fallen off. Then it appears 
again in an ever-increasing numbeT 
of individuals as they grow up. 
But accidental influences may also 
affect the virulence of the diphtheria 
germ ; the presence of another bac- 
terium, Streptococcus pyogenes ^ seeds' 
either to increase the vigour of its 
attack or to lessen our resistances. 

Somewhat similar relations exist 
with tuberculosis and pneumonia. 
Here the bacteria are very wide- 
active spread, and commonly found m 
perfectly fit, active individuals. 

' Whether they are dangerous or nut 
seems to depend on the individual’s con- 
dition. 

As another example of ^e way in wliich 
the host’s condition can affect his relation 
with microbes, we may take the Bacillus coh, 
a very common parasite normally present 
in the human intestine, and held in 
by our organic defences. But if the bowc 
wall is perforated by some accident the 
bacillus may, get out into the belly cavity an 
cause serious trouble. Or if through inter* 
fercnce with the blood-supply the vitality 
of the bowel wall is weakened, the bacteria 
can make their way through as if there 
a perforation. 

This 9IIH1.WS how the host’s resistance to 
microbe may vary. the virulence ol 
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strain is itself a changeable thing. 
R tcria i>rown in artificial media are often 
uch virulent than those from living 
^ pals. Changes of this kind may underlie 
^^dclcn (Hitbreaks of infectious disease ; 
Ls smallpox in England usually occurs 
ja a comparatively mild form, but occa- 
jioiially sudden lapses into a more dangerous 
tvpe occur. A good .example of sudden 
change in character of a disease is afforded 
b\ svpliili^i which smouldered obscurely in 
various countries during the Middle Ages 
and suddenly broke out as a violent epidemic 
in ihc lilteenth eentury. It may be that 
I eihargicay •or sleepy sickness, a 
disease which was first recognized in Europe 
fen years ago, is an example of the 
wme kind of thing. 

Even the weather may aflect 
diese bacterial attacks. A cold, 

[iiugity by weakening people’s 
dll oats, may hasten the spread of 
dipliihcria. 

Thus, by variation in the viru- 
hirc ol d parasite and the resistance 
af its host, and by other circum- 
-IlIiiccs, the relations between a 
luiinan population and the bacterial 
population inside it may be altered. 

A disease which has been locally 
conliiK'd and comparatively harm- 
Ks may suddenly break loose and 
til rough vast populations un- 
uTiistomed to its attacks. In the 
ir^i condition it is called endemic ; 

>1 the second it is epidemic, or, 

1 veiy widespread indeed, pan- 
I'fiK . Influenza gives a good 
vuiiple of a pandemic ; in 1918-19 
‘'Wept through the disorganized 
uild and destroyed more lives 
^‘Ui did five years of the Great 
In London alone it killed 
yhiteen thousand persons ; in India up- 
<uds of six millions. The Black Death 
^ classical example of an infectious 
li'ease thus breaking loose. Cholera is 
idemic in the^ warm, humid delta of the 
and from there it raids from time 
mne in various directions, borne by 
dial sufferers or by the immune “ carriers.” 

^ ntther humbler plane, mccisles breaks 
particular violence 'among the 
I'hudien of great cities about once every 
or tliree years. Here the determining 
hector is the supply of raw material for the 
Jcasle germ (a filter-passing virus) to work 
^ Children in the first three years of 
c aie mtret susceptible, so each wave 
'^cps through the children of that age and 
ss * 


then dies away and the bacteria wait in 
obscurity until a new set of infants is ready 
to sustain their next phase of exuberance. 

• §3 

Insects as Microbe-carriers 

In discussing parasitism in Book 6 we 
noted that one of the chief problems con- 
fronting a parasitic organism is the spreading 
from host to host. In biological slang, 
we say that it lives in a “ discontinuous 
habitat,” and some method of infection must 
be a part of its life-history. 

Most of the microbe diseases described in 
the last section are spread by more or lc.ss 


direct transference from person to person ; 
the ordinary contacts and movements of 
humanity are enough to keep them going 
and to spread them about. But there are 
stranger, more elaborate life-histories among 
our parasites. It will be interesting to 
consider as an example of extreme parasitic 
specialization the life-story of the microbe 
responsible for malarial fever. 

It has been said that malaria, ague, or 
marsh fever is the most destructive ill to 
which our species is subject. Certainly, seen 
in historical perspective, it assumes vast 
proportions. It has been estimated that 
in India forty per cent, of the death-rate is 
due to malaria in one form or another — 
six times as much as cholera. In the past, 
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Fig. 270. Bacilli of tuberculosis^ which infect nearly 
everybody y but are generally held in check. 
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marsh fever has wiped out armies and de- 
populated cities. It may have been re- 
sponsible, in part at least, for the downfall 
of the Greek and Roman civilizations ; it 



T Fifi. 271. Ahov(\ 
the malarial mosquito 
Anopheles maculi- 
pennis. Below ^ a 
mosquito larva bieath- 
ing at the surface of 
the water. A thin film 
of oil on the water will 
clog the breathing- 
tube, and thus destroy 
the larva:. 


was certainly known as a scourge in those 
days. It is described unmistakably in the 
Hippocratic writings. Until recently it was 
very widespread . 1 1 was endemic in England , 
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particularly in marshy districts surl 
the fens of Cambridge or Lincoln and *^ 
hung over London until the second haU 'r 
the last century. In 1850-60, 
lifetime ago, over one-twentieth of 
patients at St. Thomas’s Hospital wore a 
cases. Its retreat "from London was 
result of the building of tlic Thanr 
Embankment and the drying up andm'iil 
ization of the land along the Thames ; horn 
other countries its recession was })rou^hl 
about by agricultural drainage. When tlu 
swamps went, malaria went too. 

The fact that malaria brooded chieh 
over marshy districts has been known lur 
centuries, and it was inferred from this 
fact that the cause of the disease was damp 
mai'sh air. Hence the name, mala am^ 
which is Italian for “ bad air.” But oiIkt 
guesses had been hazarded. In the wriim'r 
of the great Indian physician, Susriita, ai 
the fifth century, malaria is attributed to 
the bites of mosquitoes. It is pointed out 
that violent malarial outbreaks sonietiiuo 
coincide with plagues of blood-suckiii<^ 
insects. 

We know now that the disease is due to 
a protozoan parasite belonging to the ^luiip 
called Sporozoa, and that it has a coinplicittd 
life-story, part of which is spent in human 
blood and part in the body of a niosquim 
It cannot be transmitted directly from iiun 
to man or from mosquito to mosquito, ])iii 
has to alternate regularly between the im» 
This rhythm is its only way of spreading 
Incidentally, only the female mo.squitocs me 
concerned, because the males, in this speot^ 
at least, never suck blood. 

"JTe details arc curious and interesting 
and we will give them at some length. ' b' 
make this rather complicated string "1 
events clear, we punctuate our description 
with numbers corrc.sponding to those mi 
Fig. 272.) Let us start with the infertmii; 
of the man. 

When a mosejuito bites a man, she lollo\i' 
up the puncturing of his skin by injeciin? 
a drop of “ saliva ” — the name given to a 
fluid produced by two large glands that opt n 
into her mouth. This injection irritates 
the tissue of her victim and causes the bloo 
vessels to expand locally (hence the 
spot at the site of puncture) and also 1 
prevents the blood from clotting. 1 hus 1 
doubly assists her meal. It is in this .sa 
that the parasite invades its human 
If one examines the saliva of an inlect* 
mosquito with a powerful microscope 
seen to dbntain a number of little spn^ 
shaped creatures, each with a e 
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ckllc. fhey are injected into the 
of a man, these parasites get 
They swim actively by 


iii 

bkHKl-stirain 

biisv 


( 0 - 


1 of their bodies and approach 

■in\ l)lood-cells. Each parasite sticks 


the 


□inted ends into a red cell and 


of its ])oini.^v. ^ 

'"about loity minutes of violent wriggling, 
" rU US way inside (2). 

• the red cell the shape 
It becomes 
about in its little 
like an active 


tertian, and the latter quartan, malaria. 
The remaining species, Plasmodium falciparum, 
is irregular, some individuals growing faster 
than others, and therefore produces a 
continuous or irregularly recurring fever. 

Thus, for a time, the parasites grow and 
proliferate in the red cells of th^eir host. 


Once lu 

^jilicpaiasite changes. 

rounded, moving 
hviuK habitation 

,„,a*l)a, and presently as it grows 
develops a dear space in its 
middle, a vacuole, which gives it 
appearance of a ring (4). 

Feeding bv absorbing the substance 
qI the red cell it gets bigger and 
l„o<rer, until it nearly fills the latter 
' " tlien its movements slow down 
ind stop and it begins to divide 
iisdf up, parcelling out its whole 
i„,d\. alter the manner of protozoa, 

Hilo Its progeny. In this manner 
ii (Tivrs lise to some ten or fifteen 
iiiilc parasites (10). When the 
ciiMMoii lias taken place the ex> 
haiLsied red cell breaks up and the 
[UMMies are liberated, to invade 
muhoiisiiiiie other red cells as their 
|ui('!it did (i I ). 

Nin\ It is when the cells break up 
III tins Wviy that the malaiial fever 
u'ViiK the sufferer. During the 
'Kiuth of the parasites inside the 
nd (dls he feels little harm. But 
"lull till’ red cells break down there 
u liberation of poisons into his 
iduod, which produce a general 
'^''i,and the parasites and broken- 
led cells may actually plug 
lii?> capillaries, in the brain or 
burl or lungs or elsewhere, and 
.'ive him various local symptoms 
uddiiion. And as the red cells 
destroyed in ever-increasing 
‘''‘^‘bei’s, he suffers from anaemia 
'"d another set of distressing 
y'npioms. Moreover, there are 
distinct species of malarial 
P‘>casitc, differing in the time 
’dutioris of the life-cycle. One, 
vivax, takes just two 
to grow in the red cells, so that the 
^^ilFerrr has acute feverish attacks every 
l^dier day, starting with the second day after 
rcuived the poisoned bite. Another, 
^ malaria, takes three days to 

so the fever comes on regularly every 
diird day. The former rhythm is called 



Pig. 272. The life-cycle oj the malaiia parasite. 

The nwnbers diow the succeisii'e \t(2(!ics in order, and are referied to 
in the le\t. All \laf;ei above the doited line occur m human blood ; 
those below occur in the mosquito which larnes the infettion. 

But in due course, perhaps warned by the 
damage that they have done that their food- 
supply is running out, they change their 
tactics. Instead of dividing up into batches 
of little ones the fully grown parasites 
convert themselves into sexual forms ( 1 2 and 
13). The exact appearance of these sexual 
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forms varies from species to species — our 
figure shows how they are seen in Plasmodium 
vivax — but they are always o£ two kinds, 
male and female. When they reach this 
stage, the parasites stop and wait. 

Now these sexual forms cannot develop 
further unless a very improbable accident 
happens. Most of them never do get any 
further ; in a few days the great majority 
perish. But one or two may have been lucky, 
a few among millions, and have found 
themselves sucked up with a drop of their 
host’s blood by another mosquito. 

As soon as they reach the stomach of the 
mosquito these lucky ones undergo yet 
another change of shape. The females 
round themselves oil', eject half of their 
nuclear material, and thus prepare them- 
selves for fertilization (14-16). 'J’he males 
undergo violent streaming of their proto- 
plasm for a few minutes, then become 
still, then abruptly scpiirt out from ibur 
to eight long, writhing projeetions from their 
surfaces (17-20). Bits of their nuclei pass 
into these projections, which then break 
away as active and independent sperma- 
tozoa, and fertilize tlie female cells (21). 
Apparently the stimulus that makes the 
sexual forms develop in this way is the 
cooling of the blood when it passes from a 
warm-blooded mammal to a cold-blooded 
insect. 

The cycle is now nearly complete. The 
fertilized female cell wriggles through the 
contents^of the mosquito stomach until it 
reaches the stomach wall. It bores its 
way nearly through the wall, coming to 
rest just under the outer layer and then it 
undergoes further changes (23). In about 
a week, by a process of growth and prolifer- 
ation, it has given rise to a mass about one 
five-hundredth of an inch across — enormous, 
compared with its previous dimensions — 
and consisting of some hundreds of delicate 
sickle-shaped individuals (27). In another 
three days the mass bursts so that the 
contained individuals escape into the blood- 
stream of the mosquito, and wriggle towards 
her salivary glands. Into these they pene- 
trate, and with her next ejection of saliva 
they are ejected loo— which brings us back 
to the point from which we started. 

A strange story indeed with its alternation 
of hosts, 6rst the man and then the mosquito. 
The mosquito carries the parasite from man 
to man ; the man from mosquito to mos- 
quito. 

The parasites, curiously enough, are 
restricted for their hosts to a small number 
of species. They cannot live in any sort 
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of mosquito Of gnat. Apparently o,,, 
three or four species of Anophelinc. mosqui 
can act as carriers ; if infected blood ^ 
sucked up by any other kind of blood-suckij^ 
insect the parasites are digested at 
On the other ha^ another and clos<[v 
related species of parasite that cansps a 
malaria-like disease in birds can only 
transmitted by the gnat Culex^ and there are 
two other parasites causing redwaier lever 
in cattle and malignant jaundice in dn^s 
which are carried from beast to beast 
ticks. 

There are a number of other cases of 
this carrying of parasites by blood-suckinfr 
arthropods. This is why arthropods can be 
so dangerous to man. I’he harm that iheir 
infections may do is very much greater than 
the mere irritation of their bite. 

Wc cannot list all the diseases which liavt' 
intermediate hosts of this kind, but we iiia\ 
consider briefly one or two of the most 
important. The case of sleeping siekne^s 
clue to a flagellate protozoon carried fiom 
man to man by the African tsetsr-fly, is 
well known. A curiously ingenious parasiir 
is the spirocha?te Horrelia berherUy causiin; 
African relapsing fever, which is carried 1 a 
lice ; here the spirochacte does not inha 
})y way of the bite, but simply swarms in ik' 
body-fluid of the louse ; when the louse n 
crushed as it bites (as very cTten happeiA, j 
l^ecause of the irritation it produces) ilu 
parasites arc liberated and enter the ira 
host througli the puncture it made, dyphui 
fever also is borne by lice, the parasites bt'in^ 
shed in the excreta of the lice and cntenn'4 
through cracks in the skin. 

Plague is a flea-transmitted disease, aun 
biologically rather a curious one. 
malaria, it has played a dramatic patl 
history ; always it has been hanging about 
in the East, and time after time it has swept 
across the Mediterranean and into Europe. 
The Black Death was only one of its niauy 
onslaughts. Nevertheless, it is essentially 
not a disease of men but a disease of rodents. 
It is apparently endemic among the rats 
and ground squirrels in the East and ta 
America, being carried from rat to 
their fleas. Occasionally, for reasons that 
are at present bbscure, it breaks out wit> 
particular violence, and the rat-fleas least* 
their dying hosts and climb on to 
or any other warm-blooded creatures that 
present themselves, carrying the phtgtt^ 
bacilli to them. This is why onsets 0 
plague are mosdy preceded by a high mor- 
tality am^iig rodents. 

As a final example of an arthropod-bo* tie 
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. w C will consider yellow fever. This 
< not as idespread, geographically speaking, 
^ n]a<n]c or malaria; nevertheless it has 
i-rim scourge. Essentially it is a 
fcntrcil American disease, but it was carried 
West Africa by the .flave trade and has 
[jourisiied and spread in that region. It 
\'cliow Jack that smote the ship that 
"jrried the Ancient Mariner and thus 
]vrnt(cd the albatross. Sometimes it has 
jided northward from these tropical zones, 
(he Old World very devastatingly to 
ipjin, Portugal, and Italy, and once 
to Imgland ; in the New to 
Baltimore, New York, and even so far 
Boston. But generally its ravages 
ia\T been in warmer climates. And 
jiitil rrrently it hit hard. Dr. Charles 
dnttcr in his admirable Short History of ^ 

ine says that every year for many ' 

UMTS the British garrison in Jamaica 
losi 185 men per 1,000 to Yellow Jack — 
tifMily one in five ! 

The mystery of the transmission of 
iliis disease was solved by an American 
((jinmission led by Walter Reed, in the 
opening years of this century. 'J’heirs 
w.is an extraordinary investigation, 1 
Vel!ov\’ fever cannot be given to animals,, i 
and it is still doubtful whether the 


of the nine got yellow fever ! Into the other 
hut went a second batch of volunteers, and 
they lived imder healthy, normal conditions 
except that they deliberately allowed them- 
selves to be bitten by mosquitoes which had 
fed, a fortnight or so previously, on the 
blood of fever patients, and they caught 
the disease — at least, five out of six did. 
Then, a final touch to make the chain of 
proof complete, two of the men from the 
first house, the stuffy one, were bitten with 
the infected insects just to see whether, 



11 sponsible microbe has been seen and 
im)i,nii/,cd. So the commission had to 
(’xpiTimcnt on volunteers and on 
fliniisclves, with microbes they had 
iif'Vf'r seen. But they established the 
(hat the disease could only be 
eiiiL^ht as the result of the bite of a 
p.iuirular .species of mosquito, and their 
oilniiiiaiing experiment is well worth 
: piiotinir fur its pure physical heroism, 
hhcii tiudr preliminary experiments had 
diuwji, pretty clearly but not conclu- 
''iveiy, (hat the mosquito in question 
guilty, they went to a district where j 
(here was no endemic yellow fever, and 
iliftf they built two wooden huts. 

was horribly stuffy, the other 
pleasant and airy. Into the first hut 
went nine volunteers, three at a time. 

tried in every imaginable way to 
hiliet themselves with Yellow Jacl^, except 
that they did not have any infected mos- 
8(aU)(s near them. They slept between 
J'hetns and blankets from the beds of men 
had died of the scourge, and even 
the pyjamas of the sufferers. I'hey 
)'t'‘tpped round their pillows towels that 
«acl hf^en soaked in the blood of men dead 
yt lloxv fever. Each set lived under these 
lions for twenty nights. And not one 



Fig, 273 . The tsetse- 
Jly, Glossina palpalis, 
which tranmits sleeping 
sickness in Africa, 

Top, the fly {in life, about 
a third of an inch long), 
and bottom, a close-up of 
its head showing the long, 
piercing mouth-parts . 
{Photo by H, Bastin.) 


by •some coincidence, they were naturally 
immune 1 But they caught it from the 
mosquitoes. So there was no doubt at 
all, after this, that the fever was transmitted 
by the mosquitoes and in no other way. 

Once this had been proved, war was 
declared on yellow fever, by systematically 
destroying the breeding-places of the mos- 
quitoes responsible. The result has been 
tremendous ; the disease is rapidly coming 
under control, except in the wilder parts of 
Central and South America. Soon, perhaps, 
it will be stamped out altogether. Similarly 
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with the other diseases that we have dis- 
cussed. Malaria left the Panama Zone with 
yellow fever ; elsewhere, and notably in 
India, it is still rampant, although it is being 
systematically attacked along these lines. 
Plague can be controlled by wholesale 
exterminations of rats. Now that the neces- 
sary knowledge is in our possession the 
stamping out of these scourges is simply a 
matter of organization. We destroy the 
breeding-grounds and exterminate the 
tainted carriers, and the disease is ended. 
So we cure the race. The cure of the 
infected individual is a diflerent question. 

§4 

Immunity 

One of the chief ways of combating 
disease-germs in individual cases is by aiding 
and intensifying the natural resources of the 
patient. In the event of bacteria making an 
entry — through a scratch in the skin, for 
example — phagocytes arc rushed at once to 
the spot (see page 59). They attempt to 
surround and devour the bacteria. Some 
kinds of germ arc more readily attacked than 
others, and this is presumably an important 
factor in determining virulence. For 
example, guinea-pigs and mice are very 
susceptible to anthrax, while dogs are much 
less so ; and it has been shown that for 
some reason the phagocytes of the former 
animals do not attack the anthrax bacillus 
while those of the latter do. But besides this 
actual physical battling of invaders with 
defending cells, there is a subtler warfare 
of chemical products in the blood- stream 
which is of great importance from a medical 
point of view, and which we must now 
consider. 

One of the most striking protective devices 
in the body is its ability to respond chemically 
to foreign substanc(‘s introduced into th(‘ 
blood. Some aspects of this ability were 
discussed on page 218 of Book 3. In the 
matter of bacteria, the body manufactures 
“ anti-toxins ” which neutralize the toxins 
which they secrete and rob them of their 
sting ; it attempts, for example, to withstand 
the chemical assaults of the diphtheria 
bacillus by producing a diphtheria anti-toxin. 
Moreover, these anti-toxins are specific. 
Diphtheria anti-toxin is no good against 
tetanus toxin, and if after recovery from 
diphtheria the patient is attacked by tetanus 
he has to start the business of anti-toxin 
formation all over again. Where these 
substances are produced is at present not 
clear. ^ There is some evidence that that 
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versatile organ, the liver, plays a consider,, , 
part m their manufacture. 


way 


Not only does the body respond in ,l I 
sy to toxins; apparently the 


of which the surfacVniembranrofbar?^' 
is made can, in many cases, st^ 
chemical retaliation of this kind. Var 
kinds of substances are turned out to comb 
whole bacteria. Some, called aL^dutin/L 
make them sticky so that they adhere ill 
gether embarrassingly in clumps ; othe^ 
called lysins, make them break up andi 
dissolve, and so forth. The strongest Mih. 
stances are the so-called opsonins, which! 
make the bacteria more attractive 
phagocytes and thus assist the latter in ihcir 
perpetual policing of the blood-vessels, ihe 
streets of the body-state. In this wa\ 
living phagocytes and chemical anti-bodips’ 
the invaders are resisted and very nlu- 
overcome. 


Now in many cases the chemical anti- 
bodies that we have just been consideunir 
do not disappear from the blood when ilir 
disease is over. Once it has made them thf 
body keeps its weapons, for a time at Iimm, 
This is why, after an attack of chickcii-pox 
or measles, for example, a person is inimime 
to that particular disease for some vjrs 
T’he anti-bodies arc still circulating in tin- 
blood. At the price of suflering the disoidcr, 
immunity to its future assaults has hfii 
accjuiiTd. 

Upon these facts one of the most iinpoit.iiit 
branches of modern preventive mediciiK' 
is based. With many contagious disease', 
an attack confers subsequent immunity lo 
that same disease, often for a period nl 
years ; so that if wc can give a person a 
mild attack we can make him or her immune 

To give a simple example. Pasteur found 
that if anthrax bacilli were kept at a liidi 
temperature they lost much of their virulrnec 
If these weakened parasites were iiijccied 
into a sheep the animal underwent a mi 
attack of anthrax from which it casiK 
recovered. After that it was immune toj 
the attacks of anthrax bacilli even if 
were of natural undiminished activity. 
defensive substances were preserved m 1'^ 
blood. . r ) . . 

A more important application : 
principles is vaccination against smalipn^ 
Until about a hundred years 
disease was an extraordinarily wiclesprej 
scourge. In many countries 
everybody went through it ; some it 1 ’ 

some it branded, some it left comixira i' 
unharmed! In England, in the eigh e 
century, probably three or four peopt 



infectious and CO 


thousand died of smdlpox every 


But it was 


noticed very early that 


uack of smallpox conferred immunity 
wre If the sufferer recovered, he did 
.nntract the complaint again. It used 
" I,, common in the East for people to 
“f rt themselves deliberately from a sufferer 
h had smallpox in a mild form, in order 
!' avoid getting it badly— a practice that 
f ind its way into Europe in the eighteenth 
Itun'. In 1798 the physician Jenner 
Bcovercd a safer method of securing pro- 
i„ciion. I'here is a disease of cows that is 
: I ,(|,cr like smallpox, and Jenner found that 
jj a person is inoculated with this cowpox 
a comparatively harmless disease, 
ivhidi is not infectious and which leaves him 
immune not only to cowpox but to smallpox 
.IS well. Apparently the two diseases are 
jue lo strains, of different virulence, of the 
vinie germ (which belongs to the filter- 
passing group). That is the principle of 
\aK'niation (the word comes from vaccinia 
01 the cowpox) as it is done to-day. 

Tlie desirability of universal vaccination 
h still in dispute. There are active groups 
Ol anti-vaccinationists in many countries. 
We do not propose to go in detail into the 
pios and cons of this involved discussion. 
\\i (oiisider that the statistics of smallpox 
iiKidenre and mortality prove quite con- 
Musncly that vaccination has the greatest 
dhrr in protecting against the disease. ‘ 
Smallpox is now to a large extent robbed 
"1 Its terror. Occasionally a vaccination 
il ls ill effects, especially in people who were 
imi v.iccinated in infancy. There is a 
pii/7ling group of nervous diseases, such as a 
'’fin of encephalitis, which in very rare 
‘ s appear after infectious diseases, such 
iiiflueiiza and whooping-cough, and may 
l"llow vaccinia. But such sporadic accidents 
heavily outweighed by the benefit 
the spread of vaccination has brought 
ihout. l or the statements we hear about 
^‘irriihitioii being responsible for the increase 
m cancer and in infantile syphilis there is no 
'''iindation whatever. 

f<^>r some diseases it is not necessary to 
living microbes ; dead ones may 
stimulate the body to produce the necessary 
|(riti-l)oclies, and thus be used for immun- 
'^ation. Vaccination against typhoid fever 
in this way, by injecting dead cultures, 
liecn carried out very extensively 
\ ^ armies of various nations, with 
'^flniiralile results. 

‘Snlln to be found in a pamphlet, 

^hnisirv M published by the 

Health, London, 1924. 


NTAGIOUS DISEASE 

fn those cases that we have just con- 
sidered the body is forced, by inoculating 
it either with microbes or with their products, 
to arm itself with anti-bodies against the 
invaders. This is called “ active immunity.” 
There are cases, however, in which it is 
impossible to make the body protect itself 
in this way. There may be no time. Thus, 
in preventive inoculation against tetanus, 
horses are made immune to the tetanus 
toxin by injecting it in gradually increasing 
doses, and then a little of their serum, 
containing anti-toxin, is transferred to the 
human patient. Thus the man is protected 
by having in his blood the anti-bodies that 
the horse made. This kind of immunity, 
produced by injecting ready-made anti- 
bodies, is called “ passive immunity.” Anti- 
tetanic scrum has already saved countless 
lives. In 1914 upon the European War 
front there was a terrible mortality from 
tetanus among the wounded, owing to their 
wounds becoming infected with bacilli from 
the soil. But after that year all wound-cases 
were treated with anti-tetanic serum as a 
mailer of routine, with the result that the 
incidence of tetanus fell from sixteen per 
thousand lo two per thousand. Nowadays 
such injection is a routine procedure at 
hospitals whenever an accident case with 
wounds is brought in. Diphtheria is a 
second example of a disease whose course 
can be very considerably modified by the 
injection of anti- toxins. 

These arc but a few of many successful 
applications of the facts the study ol im- 
munity reactions has brought to light. 

§ 5 

Avoiding and Killing Microbes 

Besides these methods of strengthening 
our bodily defences, bacteria can be attacked 
directly by various chemical and physical 
agencies. An enormous amount of sickness 
and suffering has been saved by the working 
out of reliable methods of disinfection. 

Less than a hundred years ago a surgical 
operation was a horrible risk, a thing to be 
undertaken only as a last resource. Death 
was common after such comparatively 
simple operations as the amputation of a 
limb ; the cut surface was a door flung open 
to the bacteria whose very existence was 
still unsuspected, and the patient got 
gangrene in the wound with various kinds 
of blood poisoning ; often the ligatures came 
unstuck in the rotten tissue and he bled to 
death. 

A pioneer in the reform of surgical 
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Hmi^g^ah physician Who worked in Ac 
maternity wards of the General Hospital 
at Vienna. The mortality in those wards 
was appalling ; at least six per cent, of the 
\vomcn died after childbirth of Ac disease 
known as puerperal fever, sometimes for 
months at a time the rate was two or three 
times as great. Semmelweis noticed first 
that the mortality was very much higher in a 
ward where students were instructed than 
in one which was only attended by mid wives. 
Then he was suddenly shocked by the death 
of a friend, who died from blood-poisoning 
resulting from a cut received while he was 
making a post-mortem examination. The 
symptoms were very like those of puerperal 
fever. Semmelweis concluded that there 
was something produced in decomposition 
that caused these diseases, and that the 
students carried it on their hands from the 
dissecting-room to the wards. He noticed 
that the usual soap-and-water wash did not 
remove the smell of putrefaction from the 
students’ fingers. Also, he thought, it could 
be carried from diseased to healthy women 
in the same way. So he gave instructions 
that before any patient was examined 
the examiner must wash his hands in a 
solution of chlorine or chlorinated lime-water, 
substances which were widely used for 
deodorizing putrefying things at the time. 
His experiment was successful ; as a result of 
this precaution the mortality from puerperal 
fever fell very markedly in his wards. 

Two or three years earlier, in 1843, 
Oliver Wendell Holmes, in America, had 
pointed out independently that puerperal 
fever was apparently contagious and carried 
in some way by the hands of the operator. 
He suggested strict cleansing of the hands 
with a routine like that adopted by Semmel- 
weis. 

These pioneers were feeling their way 
towards what is now called asepsis. But 
until it was demonstrated that the sup- 
purative diseases that generally followed 
sufgical operations in those days were due 
to bacteria, they could not get a real grip 
on the matter. They were lighting an 
unknown enemy in the dark. 

The importance of Pasteur’s results to the 
surgeon was first realized by Lord Lister 
(1827-1912)^ who had been studying the 
unpleasant 'results of surgical operations 
for several years when Pasteur’s writings 
began to reach him. He had concluded, as 
Semmelweis and Holmes had concluded, 
that suppuration is essentially like decom- 
position. Pasteur showed that decomposi- 
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|ir«endy ;it bocMie dear that ' 
infectious diseases wwe due to 
too. Evidently, then, the thing to 1 
to kill the microbes before they coum" 
into the wound. 


g''t| 

At first Lister was too violent in iT 
methods. He dabbed the wound, as T 
worked, with lint soaked in crude carhc/ 
acid, and he had a spray of the same fluid 
playing over the operation. This, he i’ound 
sometimes killed the tissues as well as 
bacteria. Then he tried milder aiuisepiics 
and he began to sterilize his instruments 
and dressings by heating them instead of by 
soaking them in strong chemical solutions. 
Soon he got striking results. Before InJ 
adoption of these antiseptic methods loin- 
three per cent, of his amputations had 
proved fatal. After, »the number fell to 
fifteen per cent. We have gone a Iona 
way since then ; fifteen per cent, would hr I 
considered appallingly high iiowadass 
nevertheless the drop in mortality to i 
third of its former value showed tlnii ihr] 
new methods were bearing fruit. 

Prom this foundation of Lister's ihrj 
modern school of aseptic surgery has spuing, 
Nowadays heat has largely replaced LisictV 
crude chemical antisepsis. The opeiaiois 
and nurses wear white, sterilized ganiiinid 
and masks, and sterilized rubber gloves , ilit\ 
work in a clean white, sterilized opeiatiny 
theatre. As a result of this advanrf 
surgery has increased enormously in M opr 
and elliciency. It is possible now to peiloim 
operations that would have seemed ruheu- 
lously audacious a life-span ago. In ih'V 
it took a bold surgeon to open the abdominal 
cavity —and a bolder patient ; now.ida\ 
a bullet can be extracted succcs.sfully from 
the beating heart. 

At the same time there has been 
increase in our knowledge of microbc-kdlinf 
agencies. By boiling, heating in an on 

treating with appropriate chemicals 

bacterial contaminations on foodslufis oi 

articles of clothing can be . 

Moreover it is possible to a certain ^ ^ 
to disinfect the inside of our own bodies, 
substances have been discovered 

poison particular bacteria or protozoa wi ^ 

seriously affecting our own tissues, f 
may note, is by no means easy. 1 f 
antiseptics like formalin, calomel, lo j 
chlorine and carbolic acid are ‘ 

protoplasmic poisons ; Aey kill any 
living and can only be applied to our s 
because ot^he horny imperviousness o 
dead outer layer. On the other hand one 
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two recently -arc 

Live The dyes irypan itSd trypan 
^ e lethal to certain trypanosomes but 


blue are 


r less to ourselves. Quinine (as has been 
t own for centuries) kills the malaria parasite 
^Lhout injury to our tissues, and various 
ihetic substances of similar constitution, 
as “ optoqume,*’ are being tried with 
Lrvinff results. The most spectacular and 
successful selective antiseptic is salvarsan, a 
complex substance containing combined 
arsenic, which is very effective in killing 
spirocliaies (such as the syphilis spirochacte) , 
hut so harmless to our own tissues that in most 
cases its injection into the system causes no 


ilj^effects. The story of this discovery 
llustratM the «treine difficulty of the prob- 
lem ot kiUmg bacteria without htirting the 
surrounding tissues. Paul Ehrlich and his 
colleagues, working systematically with the 
technical assistance of a great German 
dyeworks, tried over six hundred compounds 
on their experimental animals before they 
found a satisfactory one— the name 606, 
commonly attached to salvarsan, is simply 
its serial number in the books of the investi* 
gators. Recently, continuing their investi- 
gations, they have discovered another corp- 
pound, neo-salvarsari- number 914 !— -which 
seems to be even better than number 606. 


^33 



BOOK 7 


chapter 


THE 

NOURISHMENT OF THE BODY 

§ i. Mr. Everyman at Table. § 2 . The Six Vitamins. § 3 . Some Possible P ' 

§ 4- Drugs, Their Uses and Dangers. 


§ I 

Mr. Everyman at Table 

B ut Mr. Everyman cannot lay the whole 
responsibility for his disorders and 
discomforts to the account of microbes. 
To a large extent his health is his own affair. 
He must keep up his resistance. If he eats 
and drinks unwisely, or if he over-smokes, if 
he over-muffles himself and takes no exercise, 
he is weakening himself, so that for some at 
least of his troubles he has only himself to 
blame. Consider, for example, his meals. 
Three or four times a day he stokes his 
inward engines. Is he fuelling them cor- 
rectly or is he fouling the flues and choking 
the furnace with ash ? 

The body needs food for two purposes— 
firstly as fuel, secondly as material for 
building up its own living machinery. 
Food, therefore, should fulfil these two 
requirements. It should have enough energy 
bottled up in its molecules to keep our 
wheels going round, and it should include 
those chemical materials which are required 
for our. multitudinous chemical operations. 
That, in brief, is why Mr. Everyman has 
to cat. His choice of food, however, is 
governed by influences of a very different 
kind : by custom and pocket and the whims 
of a more or less erratic palate. Let us 
see whether physiology has any words of 
guidance for him as he hovers over the 
menu. 

So far as energy is concerned, that useful 
abstraction, the average man, needs about 
three thousand calories per day in a temper- 
ate climate. He needs more if he does 
strenuous muscular work, and less if he lives 
in a hot country. Roughly speaking, these 
three thousand calories are contained in a 
pound and a half of cheese or sugar, or in 
three pounds of bread or in four pounds of 
herrings or eggs or lean beef, or in five 
pounds of apples, or in seven pounds of 
potatoes. They are contained amply and to 
spare in the diet of people who are fairly 
comfortably off — in those for example who 
can afford this Book. The chief trouble in 
their class is the tendency to eat too much. 
Man is still born with the organic constitu- 
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tion and instincts of an improvident sava. 
of an apeman living from hand to mouth 
Such a creature snaps up what it can m 
berries, roots, insects— the limiting factor i 
not appetite but supply. If it finds a wind 
fall— if, for example, it kills a large mamma 
—It gorges itself and lays down stores of fai 
which are slowly reabsorbed and consumed 
Suddenly, in a few thousand years, the 
creature has civilized itself and finds’ itselj 
with food enough and to spare ; and ih, 
instinct to gorge and fatten, now niad^ 
useless by security, has become a dangerous 
factor. 

This man-ape, our reader, enjoys catniLj, 
and if he can afford it he eats to repletion 
not once in a while, which is, so to speak, 
what Nature intends — but two or thin 
times a day. In extreme cases, of gouriiids 
who take little exercise, the body has gKJi 
difficulty in getting rid of the fuel ilub 
generously supplied to it. It makes enor- 
mous deposits of fat. It burns the siutT 
extravagantly, and, since most of the both 
is covered by clothes, the face and iied 
become flushed and purple with distended 
blood-vessels, so that as much heat as 
possible may be lost to the surrounding an, 
Mortality statistics throw an unflallenn!,^ 
fight on human appetite. In the wcll-ln-dn 
a much higher proportion of deaths i.s due 
to disease of the digestive system and U) 
disease (such as a form of diabetes) caused 
by over-nutrition than in the poor, h 
would seem that those in a position to do s(» 
over-strain their digestive machinery. At 
the other end of the scale, among the poorest 
classes of the community, there is under- 
nutrition, manifesting itself as a lowered 
resistance to a number of more definite 
diseases ; but this, it would seem, is due 
not so much to too little being eaten as to 
the ingredients in the diet being unsuitable. 
It brings us to the second aspect of nutrition 
—to food as a source of the various chemical 
substances that the body requires. 

Here again the reasonably well-to-do- 
taking an average common-sense mixtj 
diet, will in the long run get all they ucea. 
The huma1V» inside can handle and survn* 
a great variety of diets, ranging 
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...tarianism to the rich oily and meaty 
of an Eskimo. What is best for any 
^'dividual depends on his age and condition, 
^^d it depends also on his idiosyncrasies, 
f • these are matters in which people vary 
lormously. For these reasons we do not 
^'ropose (0 deal systematically and in detail 
uth all the different foodstuffs that may 
ippear on the menu. Those who wish, 
f(if economic or other reasons, to pursue 
these questions further will find a clear 
treatment in Barbara Callow’s admirable 
jjttle book Food and Health, We will confine 
the present discussion to a few points of 
(Tncral interest, bearing in mind as a sort 
I yftruiding spirit that picture of the dawn-man, 
snatcher of fruits, nuts, and invertebrate 
.iiiiiiidls, who has civilized himself abruptly 
jiid finds himself in an environment to 
uhirli liis native equipment, anatomical and 
iiistiiietivc, is quite out of adjustment. He 
h,is a hitherto unapproached variety of 
f(lil)]c things at his disposal ; how and what 
IS ht' to choose ? 

One danger which he runs, and it is a 
grave one, is that he may not get 
(iioiigh fresh food among his dietary. As 
(i\ili/a(ion advances and complicates itself, 
ihc town dweller comes to rely more ancl 
iiiijic on preserved articles. Instead of 
j mowing his cabbages in his garden he lakes 
ihrin out of a tin. True, he gets more 
' wiricty, and there is a great saving of 
[rouble ; he or she can come home tired 
from a day’s work and make a meal by 
simply opening a tin. But all of this stuff 
iias sullered, even if its suffering has been 
^'*iv slight, by some method of artificial 
pK servation. Even milk from the surround- 
ing country, in a great city, contains a little 
picservativc. How far are the various 
methods of preservation detrimental and 
Ur are they good ? 

Euld storage is the method of preservation 
^ lilt involves least alteration of the compo- 
sition of a foodstuff. Biological processes, 

' c chemieal processes, go on slower at low 
|iinperaturcs ; so that merely chilling or 
1 cozing food delays the normal changes 
^ ‘tit it would undergo if left about in the 
Drying also is comparatively harm- 
-at least it does not involve the addition 
dangerous substances to the food. It 
Ijay, however, mean the loss of good things — 
IJ ‘Appetizing flavours, for example, or of 
^ ose vitamins which are readily oxidized. 

and salting the same may be 
ir H preservations sfuch as boric 

rtjf *^cnzoic acid or sulphur dioxide are 
dangerous. They are preservatives 


because they poison bacteria, and in excess 
they may be harmful to ourselves. Their 
strength in any article of food is now con- 
trolled by law, but in a breakfast including, 
say, fish, butter, bacon, and jam (all of 
which may legally contain preservatives) 
they might well accumulate and cause 
indigestion. jSalicylic acid sometimes accu- 
mulates in the body to harmful amounts. 
Moreover there is always the chance of a 
preservative neutralizing or decomposing 
some of the substances which are present 
in the merest traces in our food and never- 
theless play important parts in our bodily 
processes. 

In recent years there has been a rapid 
increase in the proportion of tinned and 
bottled foods, which become more and more 
numerous, varied and attractive. The tin- 
ning or bottling process consists essentially 
in heating the food sufficiently to destroy 
any decay bacteria in it, but without 
spoiling its appearance or flavour, and then 
sealing it up. Preserved foods in glass 
containers have been similarly treated (as 
a matter of fact much of it is tinned food 
that is transferred to glass pots before it is 
sold to make it more saleable). But during 
the heating process there is always a certain 
amount of chemical alteration of the actual 
foodstuffs — vitamins, for example, are de- 
stroyed. Moreover canned foods are often 
touched up and coloured in various ways 
so that it is difficult or impossible to tell by 
merely inspecting it what one is eating. 
With the responsibility of tinned things for 
food-poisoning we shall deal in a laler 
section. 

Quite aside from preservation, a great 
number of the articles of food that are now 
set before Mr. Everyman are not natural 
articles at all. They are substances ex- 
tracted from the natural plant and animal 
tissues upon which his uncivilized ancestors 
subsisted, and for which his gastric apparatus 
is presumably prepared. Sugar is a case 
in point. I’hc sugar cane has been cultivated 
in Asia from great antiquity, but in Europe 
the common availability of sugar is only 
a few generations old. Before the eighteenth 
century it was a costly luxury and an article 
of medicine in Europe and it spread with 
tea and coffee. Now sugar is not in itself 
a necessary substance ; starch does all in 
our bodies that sugar does, and indeed it is 
turned into the simple sugar, glucose, by our 
digestive juices before it is absorbed into 
the blood. Nevertheless, under primitive 
conditions, a sweet tooth is a very useful 
thing, for its indulgence involves the con- 
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sumption of such natural plant products 
as fruit or honey, which arc rich in vitamins 
and other healthful ingredients. Bdt now- 
adays the appetite simply leads to the eating 
of refined .sugar and sweetmeats. It has been 
said that excess of sweet things can do as 
much harm as excess of alcohol, for it 
cloys the appetite and takes the place of 
more natural foods. Also, since sugar is an 
admirable pabulum for bacteria, sweet- 
sucking is bad for the teeth. This is a. 
desire that Mr. Everyman should watch 
and control, since he has such unprccedenled 
opportunities for its indulgence. His desire 
is an entirely misleading desire in this respect. 

Another foodstuff, also chiefly a carbo- 
hydrate one, that may fairly be called 
unnatural, is white flour. Wheat before it is 
milled is a richly varied substance. Each 
individual grain has a central mass largely 
consisting of starch, which is a store of food 
for the young growing plant just as egg-yolk 
is a store of food. Pressed against this 
“ albumen ” is an embryo plant. Surround- 
ing the whole is an apparatus of envelopes, 
of which botanists distinguish five. Our 
sub-civilized ancestors mashed up the whole 
thing to make meal, and as a result they got 
a nutritious l^read. Nowadays milling pro- 
cesses have been perfcct(‘d until it is possible 
to sift away everything except the central 
food-store, and to make bread only from 
that. Such highly refined bread is much 
whiter, cleaner-looking, and thetefore more 
attractive than wholemeal bread and it has 
the same fuel value, but it is poorer both 
as regards vitamin content and as regards 
something whose importance has only re- 
cently been realized — the amount of rough, 
indigestible matter that it contains. 

It is not possible to say with any certainty 
on what an average ape-man fed before 
civilization got to work upon him. Proli- 
ably he ate whatever he could get. I'he 
greater apes to-day are largely vegetarian, 
taking roots, tender shoots, seeds, and fruit, 
but they vary their diet with eggs or nestlings, 
and such invertebrate animals as insect larva\ 
But whatever the details were, the primitive 
diet must have been a chemically varied 
diet, in that it consisted of fresh natural 
products, whether animal or plant. Any 
such product contains all sorts of chemical 
ingredients. The current tendency is to 
over-simplify foods ; the cases of sugar and 
white flour are good illustrations. The 
natural man, if one may use the term, 
flung all sorts of stuff down his gullet — 
and left the job of selection to the powers 
within. They took the rough with the 
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smooth. They got a good deal u,,, ,, 1 
didn’t want, but on the whole (1,1 , 1 

well protected. They had at, 
apparatus of tonsils and lymphoid 03 ^'^' 
and vermiform appendix to deicn(l d,. 
against living undesirables, and a 
to censor the products of their dieestir 
activities. But at least the body could / 
sure of finding all the ingredients that were 
necessary in the miscellany of stuff with 
which it was supplied. 

Apparently the human abdomen is nude 
to be treated in this somewhat unceremonious 
way, and much of the prevailing digestive 
incompetence is due to its task being rnude 
too easy by modern separated and rehned 
foods. A “ natural ” foodstuff, especiallv 
a vegetable foodstuff, contains a certain 
proportion of fibres and husks liiat our 
digestive machinery can make nothing ol 
Tlicse act as a stimulus to the houcl 
'Ehcy insist on being thrown out. If ojh- 
eats only highly digestible food, this “ rotidi- 
age ” may fail and the processes ol cvacud- 
tion slacken accordingly, with the most 
insidious and pervading effects on 
general vigour. Robert W. Service, in hb 
entertaining and lively book, Why Cm 
Tewf/ff P speaks of a handful of bran tenipcrd 
with .skimmed milk as the best lunch-iiinf 
sweet. Tastes vary ; some of us have more 
easily stimulated insides than others ; 
if one does not cat enough of this precious 
ruld)ish called roughage one has to choosr 
between constipation and a variety oi 
artificial chemical aids — substances whuf-r 
unplca?»antncss, acting as a substitute lor the 
natural stimulus, hurries up the moveine 
of the bowels, or lubricants which as.sist the 
languid intestinal muscles in their task. 

So Mr. Everyman, in taking the onus of 
choice upon his own conscious shoulders 
and consuming separated products instead 
of plant or animal tissues, is running sevcia 
risks. His belly can go slack and out ot 
training, just as his muscles can, il h<^ 
too easy a time. Also his refined dietary 
be too refined. He may be leaving 
essentials. Just how he may be leaving ou 
essentials we will next proceed to explain- 

§ 2 

The Six Vitamins 

One hears so much nowadays about 
vitamins and their importance that it 
repay us to devote a section to these clusi ^ 
substances. Their importance is very rea • 
What exaeft^ are vitamins and what do ' 
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I t iis back for a moment to the six- 
th ccntuiy, when the navies and com- 
world were being 
by a painful and dangerous disease 
no^n as scurvy. Nobody knew anything 
fthe cause of this disease. It first appeared 
I a ship when she had been at sea for some 
ffks, aud its onset was gradual. First the 
hccame weaker, less able to make 
loris of any kind, easily put out of breath, 
lid easily depressed. Then the condition 
ffaiue more serious. Sunken eyes, foetid 
(onstant pain in the muscles, mental 
id ])liysical exhaustion, a strange upset 
of the l)iood-vessels so that the gums and 
(\rs and nose oozed blood, and even a 
ijintle picssurc on the skin might cause local 
bleeding into the spaces between the cells 
- tlic^c symptoms led up to graver and graver 
Ifoiiditions, which were often fatal. 

It was early suspected that the disease 
\wis in some way due to the limited and 
nioiioionous ships’ diet. 'Fhe sailors had 
to nouusli themselves largely on salt meat 
jjnd (})(' biscuit called “hard tack” ; any 
kind of fresh fruit and vegetable was unheard 
()l on l)oard. Soon the suspicion was 
(onfirnied. Already in the sixteenth century 
ihuc were writings on the importance of 
Irrsh fruit, and in 1593 Sir R. Hawkins 
tuifd ship’s crew of scurvy by making 
ilitni diiiik lemon-juice. Gradually other 
(vptains followed the lead. 'J'herc is a 
urdibly reported story of four of the East 
India Company’s ships that sailed together 
in ilxto ; the captain of one made his crew 
I'lb' Jcrnoii-juice and thus kept them in 
m'od Jicalth, while the other ships were so 
oipfdcd by the scurvincss of their crews 
dial he had to lend them his men to set 
dnir sails. Presently the value of Icmon- 
JiiKe became widely realized, and in 1795, 
two centuries after the essential facts 
''lie known, the British Admiralty made its 
compulsory in the ships under their 
iiiiUrol. 1'he Board of Trade followed 
"uh regulations for the mercantile marine 
in 11163. 

c now know that there is a substance 
niitaincd in minute traces in fresh fruits 
in actively living plant tissues (as distinct 
roni resting seeds or storage organs like 
but particularly plentiful in 
and lemons, and necessary for normal 
‘innial-lifc. If it is absent or deficient in 
diet there is a rapid loss of weight, 
flowed by scurvy. If the disease is not 
nd\ anced, the sym|>toms can ' be reversed 
rapidly by the mere consumption of 
or orange-juice, 


A second and closely similar case was 
worked out during the lattef half of the 
nineteeJnth century. The Japanese navy 
at that time was plagued by a disease known 
as beri-beri — a disease known in tropical 
countries since a remote antiquity— just as 
the European navies had been plagued by 
scurvy a century before. Beri-beri is essen- 
tially a disturbance of the nervous system. 
It begins gradually, as scurvy does, with 
languor and exhaustion. Then there is a 
spreading paralysis of the limbs and a 
burning or tingling feeling in them, followed 
by numbness. I'hc nerves to the heart and 
diaphragm are also disturbed, causing 
characteristic irregularities of the breathing 
rhythm and heart-beat. The complaint is 
ollen fatal. It was noticed that it tended 
to break out among people whose diet was 
artificially restricted. 'I'lie Japanese navy 
at the tinu^ under consideration was fed 
largely on polished rice, i.e. rice-sccds 
li'om which the husks had been taken off. 
Moreover, alterations in the diet, such as 
substitution of barley for part of the rice, 
diminished the frequency of the disease very 
considerably. We now know that beri-beri 
is another deficiency disease just as scurvy 
is ; if the rice used by the Japanese sailors 
had not been polished they would not have 
SLilfered, for the husk (like most fresh vege- 
tal ble tissues) contains the necessary sub- 
stances. ^ 

Nov\ 3 as we have told them, the stories 
of beri-beri and scurvy arc straightforward 
enough. The interpretations seem obvious. 
Sailors deprived of fresh vegetables and 
fruit get scurvy ; what more natural than 
to assume that the vegetables contain some 
substance necessary for life, whose absence 
causes the disease ? But as a matter of 
fact it is less than twenty years since that 
interpretation was firmly established. For 
there are other possible interpretations. 
I’hc vegetables might neutralize some poison 
that appears when sailed meat is stored ; 
or they might be disinfectants and keep 
some microbe in check. It was only as a 
result of painstaking experimental work 
that the true relationships were made clear.^ 
If bacteriology has existed for the space of a 
full human lifetime, the study of vitamins is 
still adolescent and unformed ; it has 
just about reached the university age. 

The classical experiments which brought 

* The reader who doubts this should consult the 
articles on Scurvy and beri-beri in the 1911 Enc^-- 
clopadia Britamica, wliich review the ftate of our 
knowledge a year or two before the publication of 
Hopkins’s work. 
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were made by F. Gowland Hopki^ at Rocendy it has been SSde clear thauh^l 
Cambridge in 1906 and 1907, and published arc at least two different substances^ ' 
in 1912. He found that rats fed on a pure cem^A. which can h#. 
synthetic diet, containing all the proteins, 
fats, carbohydrates, and salts, and so on, 
that were at that time known to be necessary, 
gradually lost weight and died. On the 
other hand, the addition to their diet of a 
few drops of fresh milk daily made all the 
difference ; on this the rats thrived and 
grew. Why should this be ? The increase 
in amount of fat, protein and carbohydrate 
is negligible, and so is the increase in energy 
content of the diet. Hopkins inferred that 
there must be something in the fresh milk, 
present only in minute quantities so that it 
was undetected by the analysts, but traces 
of which in the diet arc in some way neces- 
sary for life. The analogy with scurvy and 
beri-beri was obvious ; it was pointed out al 
once, and put to experimental test. These 
mysterious agencies, present in minute 
traces in certain articles of food and neces- 
sary for vital processes, are called vitamins. 

We say “ mysterious ” advisedly. At present 
nobody knows what exactly their chemical 
constitution is, or how they act. Neverthe- 
less our knowledge, as far as it goes, is sound. 

There is no doubt at all that these substances 
exist. Their relative amounts can be roughly 
estimated by exploring the physiological 
activity of extracts containing them. It 
has even been sfiown that vitamin A (see 
below) gives a characteristic colour reaction. 

But the strange thing about these vitamins 
is that they work in astoundingly small 
traces, which have defied analysis for nearly 
twenty years. 

Since in the early years of vitamin work 
so little was known about the substances, 
the problem of naming them was a dilhcult 
one. I’hey had no popular names and it 
was not possible to give them names like 
those of other organic compounds, which 
would describe their chemical constitution. 

So, instead of being named, they were 
simply catalogued and given index letters. 

Vitamin A occurs in fresh milk, in butter, 
in cod-liver oil, and in various vegetable 
foods, and is particularly necessary for young, 
growing animals. The substance occurring 
in rice-husks, whose lack causes beri-beri, 
was labelled vitamin B, and the ingredient 
of lemon-juice which prevents scurvy, vita- 
min C. 

Soon complications began to turn up 
about vitamin B. The extracts containing 
it were found to have effects which differed 
puzzlingly according to their source and their 
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cerned, which can be separated by ann?' 
priate chemical methods ; they are oil a 
vit^^ns Bi and Ba Both these substanm 
which occur plentifully m yeast, in the m™. 
and outer layers of plant seeds and in e„„, 
are of the utmost importance to our nutri’ 
tive processes. Lack of Bi produres beri 
beri ; lack of B2 produces pellagra, another 
distressing disease that was entirely mystc. 
rious until very recently. 

A fifth, and very important, vitamin- 
vitamin D— has been added to the list 
Deficiency of this substance causes the 
widespread disease of children known 
rickets. In rickets the deposition of calrium 
phosphate, which normally infiltrates ant! 
stiffens our bones, is interfered with, so that 
the skeleton is softer than it should be 
in grave cases the weight of the body oi 
the pulling of the muscles may curve the 
enfeebled spine and limbs and produir 
the characteristic malformations seen m 
rickety children. Together with this failuii' 
of bone formation there are general digesUM’ 
disturbance and loss of weight. So vitamin 
D, which occurs in fresh natural oils andlaiy 
and is richly contained, together with vitannn 
A, in cod-liver oil, is certainly essential m 
young, growing people ; probably it has 
at least a beneficial effect in adults as well, 

Apparently vitamin D has an importain 
effect on the structure of the teeth. H it 
was deficient at the time when the teeth weie 
being formed, their protective coatinit el 
enamel will be badly made, containing little 
rifts and flaws. Recent work has made it 
very likely that this is one of the chief causes 
of dental decay. This effect is a delicate 
one ; a deficiency of the vitamin which is 
too slight to produce noticeable rickets 
symptoms may lead to little defects in the 
dental armour, and thus to decay in later 
life. Moreover — and this shows how com- 
plicated the activities of these factors in the 
food may be — it appears that in some cereals 
there is an “ anti-vitamin ” which neutralizes 
vitamin D. Oatmeal, Mellanby has show'^ 
contains such a substance ; if the sup e 
carbohydrate is oatmeal, more vitamin 
will be needed than if it is wheat-flour oi 
rice. (Scotsmen can eat quantities n 
porridge and yet have good teeth, because 
they cat it with plenty of fresh vitanun- 
containing milk.) So that the state ot ones 
teeth at thirty years of age is more than 
a sign of date’s assiduity at tooth-brushing < 
it is a judgment on the way one was le 
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interplay of these minute but unportant 
in our food, 

ntlv vitamin D has been the subject 
i another scries of exciting investigations. 
® ' its lack can be compensated for, 


at any rate, by sunlight, 
s are fed on a diet containing 
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large 


ifvoung rats ^ _ 

I , vitamin U, but otherwise adequate, 
nil if they arc kept in the dark, they develop 
lifts in'three or four weeks. But if they 
arc put hi direct sunlight for as little as 
minutes a day, the symptoms do 
not appear. Moreover, if the sunlight, 
j,„r(.ad of being direct, has passed through a 
liiiit-glass window, it is ineffective and the 
(jiscdse manifests itself— a sign that it is in the 
ultra-violet end of the ♦spectrum that the 
fill alive rays arc located. 

What is true of rats is true also of men. 
Siinli'^lil tempers rickets ; that is why the 
diM\is<- is comparatively rare in hot countries. 
With the importance of this work in light 
ihciap) we shall deal in a later section, 
llci'c \v(' .simply stress its interest as an exten- 
sion nf our ideas about these substances. 
Ii Jias now been shown that the ultra-violet 
ra\s act on a substance called ergostcrol, 
irafcs of which are present in all animal 
lh^uL■s, and actually turn it into vitamin D. 
lii;osl(’rc)l is a substance whose molecular 
biiiiiil.i is known, so probably by following 
up ihis discovery it will be possible to kolate 
till' vitamin and find out exactly what it is. 
In illustration of the exceedingly small 
amounts in which vitamins act, it has been 


viid that half an ounce of pure crgosterol, 
'umted with ultra-violet light and then 
icdlously stored and paid out, would be 
'''uu* than enough to supply all the vitamin 
b iHTdcd by a man in his whole lifetime, 
finally, another vitamin, E, has recently 
recorded and indexed. It is found in 
various vegetable oils, particularly in wheat- 
"'■nii oil and in the cells of green leaves, and 
traces in animal tissues. Absence 
k causes sterility in rats — in the male, 
Iptruction of spermatozoa in the testis and 
jkimatcdy of the whole germ tissue ; in 
ft' female, death of the embryo in the uterus 
‘tid its absorption by the maternal blood, 
kii it remains to be proved that the sub- 
tance is necessary for effective reproduction 
our own species. 

HoiT, then, we have^a group of substances 
in our diet in the minutest traces 
od \et playing parts of the most funda- 
'Jcntal importance in our lives. They are 
so much parts of our food as necessary 


unpuqtics. Probably more will be dis- 
covered. It is worth noting that, to a large 
extent at any rate, the diseases produced 
tX diseases of civilization. 

They are extraordinarily dependent upon 
our social and economic organization — 
upon the methods of preparation and dis- 
tribution of foods and their price. Obviously 
if an artificial cereal product like polished 
rice or white bread is plentiful and cheap, 
and if fresh untreated animal and vegetable 
products are harder to get, the poorer 
sections of the population will be prone to 
those diseases which result from vitamin lack. 
Man docs not live by bread alone. Dark, 
sunless houses and air greyed with smoke, 
will help in producing rickety children. So 
the effective combating of these 
deficiency diseases calls for more than 
individual effort. 

Nevertheless the essential facts about 
vitamins are well worth noting from the 
point of view of individual hygiene. Even 
if the reader is not visibly scorbutic or rachitic 
he or she may be suffering slightly from a 
vitamin lack. There is, of course, a sufficient 
amount of vitamins in the diet above 
which further consumption does no good ; 
but between that value and deficiency grave 
enough to cause the unpleasant diseases 
that we have had to consider, there is a 
range over which effect fluctuates with 
supply. A slight vitamin shortage may 
produce a lack of physical stamina, mental 
slackness, a somewhat lower resistance to 
bacterial invaders, very like the earliest 
stages of a deficiency disease. 

In a word, these mysterious vitamins are 
a warning against excessive sophistication 
of the diet. 'I’hcy are a warning against 
“ pure ” food. Man suffers less by adultera- 
tion than by refinement of his food sub- 
stances. We are brought back to the con- 
clusion of the last section, that natural 
foodstuffs are in many ways preferable to 
artificial products. Plenty of green vege- 
tables, fresh fruit, and dairy produce will 
supply the necessary substances ; but if the 
appetite is satisfied largely by white bread, 
elaborately cooked meats and cakes and 
other sweet confections, the po.ssibility of a 
deficiency of these essential constituent^ is 
considerable. 


§ 3 

Some Possible Poisons 

And now, having considered the possibility 
of vitamin deficiency, let us take up the 
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question of certain dangerous poisons that 
may contaminate our food. 

One often hears of ptomaine poisoning ” 
following the consumption of potted meat, 
sausages and similar articles, and it is worth 
noting that the name is a very inaccurate 
one. A ptomaine is a substance produced 
by bacteria of decay in rotting things, and, 
although it is poisonous, a foodstuff would 
have to be aggressively bad to contain 
dangerous amounts of it. These cases arc 
really due to the products of a different 
group of bacteria, which live in the intestines 
of rats, mice, farmyard animals and birds. 
Sometimes they come to contaminate car- 
casses or they may infect eggs. The com- 
monest of these microbes is Bacillus ariiycke, 
which produces a very resistant poison, 
unaltered either by cooking or by our 
digestive juices. If food with this bacillus 
in it is cooked, the organisms are killed, 
but their toxin remains. The poisoning 
caused by eating it may be severe, but it 
is rarely fatal. But if the same food is 
eaten uncooked, then the bacteria may live 
and breed for days and produce their toxin 
m the bowels, with altogether more damag- 
ing results. Even in the last worst event, 
however, the majority of sufferers recover. 

A more serious, but happily rarer, kind 
of food-poisoning is known as botulism. 
The organism which causes it, Bacillus 
botulinus, has the distinction of making the 
most poisonous .substance known to man. 
Moreover, it is insidious, for its presence 
makes no difi'erence to the appearance or 
taste of the food. So active is the toxin 
that even if a piece of food containing it is 
taken into the mouth and immediately 
spat out a fatal dose may be ingested. 
J. B. S. Haldane has estimaited that about 
sixty pounds of this substance would be 
enough to kill the entire human race. 
Although it can resist the digestive juices 
this toxin is destroyed by cooking. Its 
bacillus can only live in the absence of 
oxygen, so it is chiefly tinned or bottled 
things which were inadequately sterilized 
before being scaled up that carry it. In 
England only one outbreak has been recorded, 
but in America hundreds of cases of botu- 
lism have been caused by canned vegetables. 

Besides these poisonous by-products of 
bacterial activity, food may be dangerous 
as the vehicle through wliich parasitic 
organisms get a footing in our insides. 
The most important case nowadays is 
milk, which, if it has not been properly 
pasteurized, may contain the bacilli of 
tuberculosis ; this >is one of the chief ways 
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in which young mmrtn • r 
Oysters may contain1K,id biilii’tfc 
lying in estuanne water that contain. ^ 
sewage to which typhoid patients or 
camera have contributed r 
vegetables may be similarly contaminl?" 
or they may carry the eggs of par"! 
worms Often meat and other lbo4 & 
have been exposed for sale in shoos 
badly infected with bacteria, partly hecal 
of microbe-bearing dust settling on thetJ 
and partly by the agency of flies. The flJ 
IS a great disseminator of bacteria 
passes from a dung-heap to the dining-tabli 
and back, and wherever it crawls over foodi 
it leaves bacteria in its excretions and vomii^ 
for flies have a habit of vomiting before th^ 
settle down to a meal. Food rontainini" 
living bacteria can disinfected by thoroudi 
cooking. 

Finally there may (albeit very rarely! he 
metallic poisons in food. Beer is sometime, 
artificially contaminated during manufacture 
with arsenic ; so also may cheap sweets, 
Recently a number of people in Newrasde 
on-Tyne suffered temporary discomfort 
through consuming lemonade that had stood 
overnight in a cheap enamelled pail, from 
which it had taken up a little antiinf)[i),j 
At one time a kind of lead poisoning, caused! 
by cider that**^had been kept for a while’ 
in leaden vats, was so common in Devon' 
shire that it was called “ Devonshire colic, 
Copper sulphate has been used to co]< 
vegetables (such as green peas), but its 
is now prohibited by law. 

It is evident that these various kinds of 
poisoning, bacterial or otherwise, have to be 
guarded against by State supervision d food 
production and distribution, and by syste- 
matic testing, analysis and grading of food* 
stuffs. The problem is quite beyond the 
selective powers of the individual household. 
Experience has shown (the confession has 
to be made) that the people who produce 
and handle food will not take adequate' 
hygienic precautions, which they regard as 
unnecessarily bothersome or unnecessarib 
expensive, wi^jhout some measure of ollicia 
compulsion and control. Mr. Everyman, in 
his civilized world, can help to safeguar 
himself by co-operating with public heaim 
authorities whenever possible — ^for exainpl^’j 
by paying due regard to the grading ^ 
milk and purchasing only Grade A. 

There remains, however, another qucstioir 
May it not be that among the conimoi > 
marketed and consumed fo^stuffs them ar 
some that'^'c would be better withou, 
quite apart from their cleanliness and Iree* 
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Figs. 274-275. Photographs of model farms where Grade A milk is prepared. 

The milk is untouched by handy coming direct from the cow and being automatically jiltered, stertlited, 
coolly and bottled in a few minutes. 

I^e a healthy milk-drinker. Let the eater— and what Mr. Everyman eate 


^•snunner a healthy milk-drinker. Let the eater— ana wnax mr. i:.vciyuiau 
I „ /‘eadcr remember the singular elasticity may not matter so much as how he eats it, 
^ ihe normal human constitution. The most hygienic mwl in the world can 

ndecd, if one takes care not to over-eat, weigh on the system like lead if it is badly 
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in refined and highly seasoned cooked and served on a <^ty cloth, hastily 
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chewed, bolted down like posting letters, 
and then handled languidly and sluggishly 
because of a traffic-block farther along the 
digestive tube. 

Abdominal discomfort does not necessarily 
inean >vrong food. The delicate machinery 
jcisih be npset in other ways. Bad teeth or 
gums, or a septic focus elsewhere in the 
body, can poison it, and as we shall see in 
the next Book, the health of all our organs 
is most intimately bound up with the well- 
being of the nervous system. A worried 
or excited man digests badly; a serene, 
unruffled man digests well. There is some- 
thing very appealing to the human mind in 
the dietetic fad ; from its first beginnings, as 
far back as history takes us, medicine has 
had to resist and overcome j tendency 
to crystallize- out into materia medica, to 
treat by sinjply answering symptoms with 
special herbs or drugs, such-and-such a 
herb for such-and-such a symptom. Simi- 
larly many people ascribe their general 
slight ill-health to wrong feeding, and believe 
that if they knew what the particular error 
was everything would be all right. If only 
it was as simple as that ! In many cases 
at least bad nutrition is not a cause but a 
symptom, not the fault of the food but the 
fault of the system that receives it. The 
system is living lazily or irregularly. 

§4 

Drugs^ Their Uses and Dangers 

We may close this chapter on diet by 
discussing certain chemical substances which 
many of us are in the habit of absorbing, 
although strictly speaking they are not 
foods. Very often in a difficult situation, 
one can get considerable nervous and physical 
support from such drugs as alcohol and 
tobacco, just as Sherlock Holmes solved his 
most baffling problems with the help of 
cocaine. These substances buck us up, 
quite apart from any nutritive value they 
may possess. How far is it possible to 
extend our natural powers, to raise the 
general level of our output, by the use of 
such drugs ? Gan we imagine any drug 
which would stimulate and sustain without 
the harmfu'l effects that usually threaten 
the excessive ymoker and drinker ? 

First, beforeWc turn to this more general 
question, we may examine the three or 
four comparativVy mild drugs that are so 
conunonly used ^ to be part of normal life 
to-day. \ 

Tobacco, as is \ well 'jnown, owes its 
soothing properties \a drij|g called nicotine. 
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But it contains other ingredimis too ■„ 1 
yellowing of the teeth and finu-rs r “1 
firmed smokers is due to other I,, 1 “ '^‘”*•1 
and the flavours of diffe^nt 
^omatic compounds of various L' 
Moreover cheap ;tot»ccos are 
treated wiA cHcttioals such as salhS.^” 
an ingredient of ^powder, to makeS 
bum more readily, and the paper oP 
cigarette is very often so prepared A* 
smokes, little bits of leaf often get detarrj 
and swallowed. So there is alwal t 
chance that a bad result of smoking^on 
the stomach, say~may be due to substanm 
other than the nicotine itself. 

The following simple experiment, which 
the reader may perform forthwith 
instructive. Fill the mouth with smokr 
put the lips into the kissing position ; hold 
a reasonably clean handkerchief taut across 
them ; eject a thin jet .of smoke slowly 
through the handkerchief ; examine same, 

Excessive smoking fouls the mouth, acidi- 
fies the stomach and dulls the appeiiie. 
It may also interfere with the sight ; some- 
times heavy smokers see faint hazy clouds 
near the middle of the field of vision, and 
have difficulty in distinguishing colours m 
that region, although their sight is unim- 
paired round the edges. This effect is du( 
to an action" on the optic nerve. Smobi 
also reddens the throat and makes it sore 
herein such adulterants as saltpetre play an 
important part by producing irritating fumes. 
Nicotine, absorbed into the circulation; 
raises the blood-pressure and accelerate! 
the heart-beat and breathing movements, 
so that in people whose blood-pressuic u 
already on the high side it may be dangerouj 
(but the stories one hears about tobacco 
actually promoting artcrio-sclerosis an 
probably exaggerated). Another danger 
resulting from over-smoking, especially with 
incessant cigarette-smokers, is that carbon 
monoxide — the dangerous ingredient in 
ordinary coal-gas — may be produced and 
act as a stupefying drug. Generally speakings 
and with the exception of the gas just namco, 
a large amount of the nicotine and irritants 
produced when tobacco burns accumulates 
at the end of the cigarette, cigar, or pipe n 
nearest the mouth, so that the latter end o 
smoke is far more potent than the nrs- 
Also, of course, these agents act much mo 
powerfully if the smoke is inhaled into 
iungs. 

Against these disadvantages, various arg ^ 
ments have been put forward in 
tobacco smoking. It has been very 
suggested that by depressing the appe 
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, • „ iriiLnhens life, for most of us eat too 
I ^ smoke is also said to disinfect 
"hfmoutlj^ by killing bacteria, but its power 
to clt) probably not considerable and 
fhnost certainly outweighed b/ its irritant 
ction on the natural defences (rf th^ throat. 
The chief argument in favour of smoking 
is that it pleases and soothes. It allays 
“nerves,” and moderate indulgence in the 
weed may save one from falling into worse 
vices. One can live perfectly happily and 
healthily without smoking at all— indeed, 
giving up tobacco altogether is easier than 
rationing one’s consumption — and if Mr. 
Everyman has any cause to suspect that he is 
overdoing it, he would be well advised to lay 
off for a while at any rate. Under ideal 
conditions of health and mental happiness 
one need never smoke. But in the bustle and 
worry of modern life it is not by any means 
a bad thing to have a comparatively harmless 
drug at one’s command — provided that one 
keeps the upper hand and controls the habit 
instead of being controlled by it. 

People who give up smoking often become 
(onfinned sweet-suckers. This also, as wc 
have said, may be a harmful habit. The 
lobarco manufacturers fulminate against 
It in I heir advertisements, and the sweet 
makers retaliate against tobacco. One is 
icminded of the pot and the-kettlc, although 
neither vice, in the great majority of cases, 
can be called black. 

The question of alcoholic drinks is more 
complicated. To begin with, alcohol can 
be taken in a great variety of different forms. 
Uinc (see page 176) contains up to 10 per 
cent, of alcohol together with a number of 
ethers and other complex organic compounds 
which give it flavour and colour. Most 
Wines of reasonable price are touched up 
With such improvements as sugar, dyes 
‘Hid clearing agents, ethers, alum, and 
''Cilphate of lime. Strong wines like port 
'Hid sherry are, of course, fortified to 10 or 
'5 per cent, of alcohol by the addition of 
s^pirit. Beers, brewed by fermentation of 
in arch and sugar and flavoured with various 
^egetablc bitters, may contain from 3 to 
7 per cent, of alcohol, together with various 
1 ‘ubstances such as sugars. Spirits, 

, distilling over and thus concen- 

a ing the alcohol fraction of a fermented 
gticjr, contain from 40 to 66 per cent. 

' these, whisky comes from 
gin from malt and rye with 
from i^avouring, brandy (theoretically) 

the from molasses Moreover, 

niav concentrated alcoholic drinks 
y ‘ive other important active principles 


besides straight alcohol. Thus raw whisky 
often contains fusel oil— hence the deadlincss 
of bootleg liquor— and absinthe owes its 
powerful action on the nervous system chiefly 
to oil of wormwood. 

Alcohol itself may be said to act in three 
capacities^ — as a food, as a drug, and as a 
poison. It acts as a food because it can be 
burnt in the tissues, although it is of no 
value for body-building. It is a food of the * 
fuel type. But it differs in certain essential 
respects from other fuel foods. First, its 
molecules are comparatively simple, and diese 
pass through the wall of the digestive tube 
without any preliminary digestion. So that 
if, in treating some ailment, one has to 
administer a food which is rapidly and easily 
absorbed, alcohol may be useful. Moreover, 
it is a completely artificial food, for handling 
which our cells are not naturally prepared. 
They have no way of storing alcohol and 
arc quite unable to cope with an excessive 
supply. So that if we drink a large amount 
the alcohol simply washes round in the 
blood until it is all burnt up. In a chronic 
drunkard this state of affairs may last from 
one bout to the next, and the blood may 
always be slightly vinous. The actual food 
value of an alcoholic drink, we may note, 
is never very great ; and even in the case of 
sweet wines and beers, which contain such 
additional nutrients as sugar, there can be 
no doubt, since fermentation is necessarily 
a wasteful process, that the drink contains 
less food than did the fruit or grain from 
which it was made. 

In its capacity as a drug, alcohol chiefly 
concentrates its attack on to the nervous 
system. It is commonly said to act as a 
stimulant, but one should realize that in this 
particular case the word is very loosely 
used. There is not a shred of evidence for 
a direct stimulating action of the drug on any 
vital process (with the dubious exception of 
speeding up the breathing rhythm). When 
one brightens after a glass of wine, speaking 
and laughing more freely than before, 
one does so simply because restraining 
influences are narcotized. One is bucked 
up by the paralysis of one’s conscience. 
In this manner alcohol can bring valuable 
relief from excessive worry, for the little 
gnawing part of Mr. Everyman that watches 
and doubts and criticizes his every action is 
the one most easily put to sleep. It is 
pre-eminently the worried, over-conscientious 
type of person who is genuinely braced by 
alcohol and rises to a difficult situation all the 
better for a nip. 

A somewhat similar ilffision about alcohol 
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is its warming effect. It makes one feel 
warm, but without producing any increase 
at all in the temperature of the body. 
This it accomplishes by a locd action on 
the blood-vessels of the skin, which it dilates, 
thus bringing about an increased flow 'of 
warm blood to the surface, where most of 
our temperature organs are placed. Indeed, 

, by diverting blood into our natural radiator, 
alcohol may actually cool our bodies while 
warming our skins with this deceptive glow. 

The poisonous action of alcohol is hard 
to separate clearly from its drug action, 
since the latter, depending on a depression 
of vital processes and not on a genuine 
' acceleration, is in a sense a poisoning process. 
In chronic alcoholism, the same effects are 
exaggerated. The nervous centres become 
permanently impaired, first the highest 
and then down to the lower levels. The 
self-confrol is weakened, leading to such 
complications as syphilis. Alcohol taken 
in too concentrated a form (such as neat 
spirit on an empty stomach) may harden and 
inflame the stomach walls, and this, 
by interfering with the production of gastric 
juice, upsets assimilation. The first steps in 
digestion being clumsily performed, the 
whole process is thrown out of gear. At the 
same time the microbe-killing action of the 
gastric juice is interfered with. Thus, and 
by a general devitalizing action on the system, 
the barriers to infection are lowered. The 
liver, because of its exposed position (page 
56), is often involved in these consequences 
and may become chronically inflamed ; 
sometimes it shrinks and acquires a wrinkled, 
warty surface, becoming the so-called hobnail 
liver. The reproductive glands, too, may 
be affected, resulting in sterility. So alcohol 
undermines the bodies and minds of its too 
faithful devotees. But in moderate drinkers 
there is no evidence at all of any really 
permanently h?*rxnful effects, although the 
possibility even for them of incidental 
impairment of function cannot be disputed. 
The ethics of this question~for example, 
whether it is right to prohibit any con- 
sumption of alcohol by a whole population 
in order to prevent its abuse by some of the 
members — are complicated, and we do 
not propose to enter into them here. They 
lie outside the province of biological science. 
As far as moderate, restrained drinking is 
Concerned, we can see no organic harm, 
Bfid if it soothes the mind at a difficult time, 
or pleases the palate, and thus helps the 
gastric juice, it may be temporarily con- 
venient. But the facts that some people are 
more susceptible tl^^n others, and that the 
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general accessibility of alcohol leads lo it 
grave and damaging abuse in many cases 
have been amply demonstrated. Tliere a 
biologists, we leave it. ’ ^ 

Even tea and coffee constitute a druc 
problem, for they are taken as stimulants 
and not as foods. They contain small 
amounts of an alkaloid, caffein, which has 
an invigorating and restorative action on the 
nervous ^system. But even these mildest 
of vices can have their bad effects ; too 
much tea leads to indigestion, constipation 
trembling, and insomnia, while strong’ 
black coffee can also upset the stomach! 
With tea, many of the symptoms are due to 
substances such as tannin which are present 
in the leaves in addition to caffein. Tannin 
diffuses out into the water more slowly than 
caffein, so if tea is not allowed to stand in 
contact with the leaves for more thati five 
minutes, but poured into another vessel at 
the end of that time, it has all its invigorating 
principles and little of its deleterious elements. 

Looking over the substances that we have 
discussed in this section one gets the idea 
that from a scientific point of view they arc 
prepared in extraordinarily untidy ways. 
Alcoholic fluids are natural juices in which 
whole populations of organisms have thrived. 
The smoke of burning tobacco or the infusion 
of dried bits of the tea-plant is equally 
complicated chemically. Our meals should, 
of course, be varied ; one should bewaic 
of relying for his nourishment on artificially 
extracted and p;)rificd foods, for reasons 
that we have aIre,o«ly noted. But, when we 
are deliberately taking a drug because of 
some special effect it produces on body or 
mind, surely the cleaner, more straight- 
forward way would be to use a definite 
dose of a purified product. For example, 
to take one’s caffein pure and without 
contaminating tannin ? In this case at least 
the harm is in large measure due to an 
accompanying substance and not to the 
drug itself. 

We do not wish to advocate the consump- 
tion of any of the hundred-and-one stimu- 
lating pills, offering iron, phosphorus, 
ozone and what not, that are on the markc 
to-day. There is at present no extrapte 
drug of proven efficacy which can sate y 
be taken without medical advice- 
we do suggest that as modern methods 
analysis and purification improve, the 
bility of using tonic aids with more 
than heretofore presents itself; 
idea is well worth some further discussion- 

The chidNlanger with any sUmuIatir K 
drug is that it may worm its way into one 
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... become a habit. This is, of course, 
la west clearly with such evidently 
harmful drugs as cocaine and morphine, 
hich provide a considerable clearing and 
rnlivening of the mind when they arc first 
bill leave, when their effects wear off, 
a longing for further indulgence which is 
ivellnigl' irresistible. The morphine maniac 
becomes less and less sensitive to the charac- 
teristic influence of the stimulant, so that 
his craving for that influence drives him to 
ever-increasing doses. Slowly but infallibly 
he goes to pieces. ^ It is perfectly possible for 
such a person in an extreme instance to 
become so dependent upon his drug that 
sudden and complete cutting off of his 
supply may kill him. But tobacco can spread 
its milder, more insidious dominion over 
one’s Jife in the same way. It is easy for a 
sedentary worker who gets into the habit 
of smoking as he considers the papers on his 
table to slide into an almost incessant use 
of the drug. The craving for alcohol, also, 
may become imperative. So Mr. Everyman, 
who is probably a little self-indulgent, is 
warned to be on his guard. In all these cases 
Ills motto should be, “ Less anyhow, none if 
possible.” 

Habit-forming drugs are substances for 
which the body is constitutionally unpre- 
- pared. One can imagine a considerable 
stimulation resulting from the use of more 
natural excitants, such as refined prepara- 
tions of some of the internal secretions. 
The physiological basis of our changes of 
state and mood is becoming gradually 
intelligible. May it not be that, just as we 
can revolutionize the mentality of a guinea- 
pig by modifying the internal secretions from 
its sex glands, we shall some day be able, 
by taking now this extract and now that, 
to put ourselves into the frame of mind most 
appropriate to the job in hand ? That a 
Mr. Everyman with greater self-control and 
self- understanding will take a teaspoonful 
one kind of extract before he sits down to 
'vork, and a teaspoonful of another before he 
goes on to the tennis-court, and crowd 
sixteen or so hours of vigorous activity into 
Ins Waking day ? 

The beginnings are somewhat unsatls- 
‘ictory, it must be confessed. Thyroxin, the 
active principle of the thyroid gland, has 
a tonic action on the metabolism of the 
''bole body and lends vigour to growth and 
|P physical and mental activity. Here, at 
irsi sight, is a promising suggestion for 
briber improvement. But unhappily the 
effects of thyroxin administration arc 
shown in people who are naturally 


under-thyroided ; one can have too much of 
the stuff, just as one can have too little. 
So that thyroxin-taking is a matter of com- 
pensatory medicine rather than an extension 
of human ability. The same is presumably 
true of our other endocrincs. Even vitamins, 
it appears, can be taken in excess. Recently, 
rats fed on large amounts of irradiated 
ergosterol ^ 3) have been shown to suffer 
from it. Massive doses are even fatal. We 
hasten to reassure the reader that* the 
amounts used in the investigation were 
about one hundred thousand times the 
normal consumption, and quite unlike any- 
thing that he is likely to meet in his own 
adventures. 

An ingenious suggestion for tonic improve- 
ment was made during the War by Professor 
Embden, of Frankfurt. He was studying 
the important part played by phosphates 
in muscular activity, and he tried the effjpct of 
dosing men with acid sodium phosphate 
(a salt that normally circulates in small 
amounts in the blood). He found that their 
output of muscular work was markedly 
increased, and many of his human subjects 
felt mentally invigorated as well. Appar- 
ently the substance has no harmful effects, 
and can be taken at the rate of a quarter 
of an ounce (dissolved in water) a day for 
considerable periods of time. It can be 
bought very cheaply from chemists, but 
the experimentally-minded reader is warned 
against the similar-looking potassiu^p salt, * 
which acts as a purge of great violence and 
thoroughness. 

Perhaps in the cleaner, healthier cities of 
the future the use of such comparatively 
simple substances as this will be found to 
provide refreshment enough, and the more 
elaborate and dangerous vegetable narcotics 
will pass away. We cannot tell. Perhaps, 
when we know more of the laws that govern 
our being, and apply our knowledge to the 
regulation of our daily lives, the natural 
tone of nerve and muscle will be sufficient 
without any artificial improvement at all. 
Tobacco and alcohol are, to a large extent, 
refuges from the physical and nervous 
frustrations of modern life. 

This gesture towards the future may seem 
a disappointing conclusion to our inquiry. 
But it is the best we can do. Let Mr, 
Everyman seek consolation, as he reaches 
again for the decanter or the tobacco-jar, 
in the thought that his near descendants 
will probably fortify themselves, if they need 
fortification, without the faint threat of 
sore throat or hobnail liver that hangs over 
his own indulgences. * 
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§ I. Town Air and Country Air, § 2. The Air of a Stuffy Room, § 3. Sunlioht 

as a Tonic, 


§ I 

Town Air and Country Air 

T he body’s everlasting battle with its 
environment goes on at three main 
fronts. With the digestive tube we have 
already dealt. We turn now to the other 
two — the lungs and the skin — for Mr. 
Everyman is exposed to fluctuating influences 
besides those of the substances he absorbs. 

One often talks about the desirability 
of plenty of fresh air. It will be worth our 
while to look a little more closely into this 
idea. What exactly is fresh air ? To put 
it in another way, what are the factors that 
can make air foul ? How does the air of 
towns and human habitations difler from 
the cool forest winds that filled the earliest 
human lungs ? 

The most obvious alteration, to a town- 
dweller at any rate, that human activities 
produce in air is when they charge it with 
soot. Here the American citizen has the 
advantage of the British. No American 
town can show anything like a London fog. 
The rapid industrial development of America 
followed after that of England and profited 
by riper experience ; the pollution of the 
air by smoke was reduced by consuming 
fuels other than coal, in many cases under 
the urgency of legislation. But in an English 
industrial district, where coal is burnt more 
or less inefficiently in factories and domestic 
grates, the amount of soot in the air is 
appalling. In Oldham, a big Lancashire 
cotton town, the amount of soot deposited 
in the year ending March 1915 reached 
nine hundred and sixty tons per square mile. 
London nowadays has a deposit which may 
in certain districts exceed a third of that 
value. In London it is domestic fi’res that 
are chiefly responsible. 

A large amount of this urban smoke is 
carbon, but there are various other chemical 
ingredients ; it is often acid with sulphurous 
acid, and therefore does an enormous amount 
of damage to masonry, and especially to 
old buildings. The dense fogs that occur 
in London, for example, are due entirely to 
smoke pollution. They are produced under 
appropriate atmospheric conditions by the 
condensation of droplets of water round the 
soot particles as they float in the air. 
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Besides its immediate unpleasantness and 
the general depression it causes, soot has a 
very harmful effect on the health of town- 
dwellers. It holds up ultra-violet light 
(see § 3) ; it enters and fouls the respiratorv 
passages. Time after time it has been 
shown in various towns that a severe fog. 
period is accompanied by a rise in the death- 
rate from disease of the lungs and air passages. 
Moreover, it is not only the town-dwellers 
who suffer ; the smoke may drift surprisingly 
far on a gentle wind over the surrounding 
countryside. Belgian smoke is sometimes 
carried over England. As it travels the 
smoke settles on fields and gardens, clogging 
the stomata of plants and poisoning them 
with acid and thus indirectly interfering 
with the supply of fresh foods, both vegetable 
and dairy produce, to the towns. Here at 
least the Briton can be grateful for his climate, 
for rain is a great cleanser of the air. 

The smoke nuisance again is a matter 
for social organization rather than of 
individual hygiene, although the individual 
can help by watching his own grate and chim- 
ney. In New York it is a punishable offence 
to emit visible smoke from a chimney. The 
replacement of the old-fashioned coal fite 
by gas or electric heating, or its adaptation to 
a more efficient smokeless fuel, would have 11 
profound effect on the health, not to speak 
of the comfort, of city dwellers in Great 
Britain. 

A variety of other kinds of suspended 
matter are grouped together as dust. To 
a large extent ordinary dust is organic in 
origin ; it is made up of particles of decaying 
plants, manure, pollen, fragments of insects, 
and their eggs, spores of microbes and 
moulds, and so on. Under artificial con- 
ditions it is complicated to a greater or less 
extent by inorganic particles. These latter 
are the most destructive of health. Workers 
whose occupations involve the handling ol 
quartz, granite, flint, sandstone, china-clay 
and the like arc particularly prone to pul- 
monary diseases because of the flinty particles 
they inhale ; grinders and polishers are 
also liable to suflPer from the injurious 
effect of dust from emery wheels and sand 
grindstones on the membranes of the lungs- 
Dust from c?hton and other plant 
can also be harmful. But happily 
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^jurlous f lusts arc not as widespread as 

l^c^or-^inic elements in dust are alto- 
Its" damaging. For one thing, we 
' . prep ared for them. Any animal, living 
normal conditions, inhales a fair 
niount of plant spores and pollen ^and 
Ine organic debris, and we find that 
riammahan noses, even our own degenerate 
oscs, aiT well equipped to filter them out 
ffore tlicy reach the lungs (Fig. 27). 

the lungs are provided with special 
^IJs which act like phagocytes, taking up 
nd removing any such particles as penetrate 
) the alveoli. The flinty particles just 
iscussed are dangerous partly because they 
r so numerous and partly because, for 
lemical reasons, the phagocytes cannot 
al with them properly. They do not lake 
lem up, but leave them about to irritate 
id inflame the delicate tissues. 

But the dust nuisance was enormously 
creased when men began to make roads, 
modern tarred and concrete highway 
almost dustless, but a white country road 
,iy seriously strain the cleansing devices 
I ot the nose, eyes, and throat of those who 
I lournry along it. For centuries the road 
has evolved side by side with the domesti- 
^ tatrd horse, as a special artificial strip of 
itjK’n country along which that ungulate 
uHild use his hoofs to our advantage, and 
rlifhorsc, by dropping balls of finely rriinccd 
iia\ to dry on the roads, is responsible for 
much of the irritation and infection that 
human travellers endure. Nowadays a 
evolution is occurring in road transport. 
Ihc pedestrian may fail to recognize any 
advantage in the change as he watches 
die passing automobile from the roadside. 
He notices only the foul blue breath of the 
migine and the dust-clouds stirred up by 
die wheels. But there is another side to the 


question, for the automobile is diminishing 
'he multitude of horses that pollute the 
and at the same time bringing about 
great improvement in road surfaces. 
1 here may be soon a day when there will be 
no more dust on a country road than there 
in a country wood. It is our misfortune 
'0 live in a period of transition, when the 
ihe roads of the old type are being torn up 
flung about in powdery handfuls by 
'he traffic of the new. 

hiome people have a peculiar sensibility 
particular kinds of organic dust, to which 
hey react by skin-rashes or by the distressing 
jsthiriatic and catarrhal symptoms of “ hay 
ever. ' The physiology of this complaint 
^ rather curious. We noted in the last 


chapter how the body protects itself by 
forming anti-substances when certain foreign 
matter intrude into the blood-stream. But 
sometimes, under conditions that arc not at 
present properly understood, the introduction 
of a foreign protein produces, not immunity- 
reactions, but a strange sensitivity to 
future administrations of that particular 
protein. For example, if we inject a little 
white of egg under the skin of a guinea- 
pig, nothing much happens. The animal 
is apparently undisturbed. But it acquires 
a sensitivity to egg-white ; if a month later 
the same substance is injected, even in a 
minute dose, the animal has violent con- 
vulsions and respiratory distress, and may 
die. Hay-fever, it seems, is a parallel case ; 
the disturbing substance being usually the 
pollen of some plant or other, which acts 
as an irritant when it touches the mucous 
membrane of the nose. At first the reaction 
is slight, and then, later, the sensibility 
increases to a distressing pitch. 

Perhaps this phenomenon of anaphylaxis 
explains another curious fact. It is known 
that some people cannot bear the presence 
of cats in the room; even unseen and unheard 
cats cause them definite physical distress. 
Or they may be sensitive to dogs, to horses, 
or to some other common species. Accord- 
ing to Shylock : 

“ 'Fliere is no firm reason to be render'd 
Why he cannot abide a gaping pig, 

Why he, a harmless necessary cat." 

But it is at least a plausible suggestion, in the 
light of modern knowledge, that some kind 
of' organic particles emanate from the cat 
or the pig such as specks of dandruff), which 
set up reactions like the hay-fever reactions. 

But we arc getting away from the subject 
of our discussion. 

Far and away the most dangerous particles 
that can be carried in the air are the living 
ones — microbes and their spores. The 
number of these creatures vary enormously. 
They increase with dust (since they can be 
carried on dust-grains) and they are more 
numerous in towns than in the country ; 
they are particularly abundant indoors in 
stuffy, warm, ill-ventilated apartments. Hill 
and Campbell have described a staircase 
in which there were 750 bacteria in every 
cubic metre of air before sweeping, and 
410,000 after the carpet h^d been brushed 
for ten minutes. In places like crowded 
picture-galleries, where, apart from the 
possible presence of variously infected people, 
hundreds of feet bring in dust and keep it 
stirred up, the numbers of floating microbes 
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are enormous ; in the Paris salon five million 
per cubic metre have been counted on a 
Sunday afternoon. On the high Alps, 
over 15,000 feet, there are only four or 
five microbes per cubic metre ; in pure 
air in mid-ocean a single bacterium has 
twice this amount of elbow-room. There is 
little need to stress the meaning of these 
figures. Mr. Everyman breathes about a 
third of a cubic foot of air per minute ; this 
means that if he is high in the Alps, a microbe 
will be drawn into his lungs every twenty 
minutes or so, while in the picture-gallery 
he inhales about sixty thousand per breath. 
Some of these organisms are bound to be 
disease-carriers. Such complaints as influ- 
enza and pneumonia are spread exclusively 
by bacteria carried in tiny drops of saliva 
coughed or sneezed out by infected people. 

We look back with disgust on the water- 
supply of a centuiy ago. If the town-dweller 
6f those days chose to put a drop of water 
from the mains under a microscope, he could 
entertain himself for hours by watching the 
water-flies and gnat larva:, and other curious 
creatures that abounded. And we read of 
subtler and more sinister contaminations. 
But* may it not be that our grandchildren 
will look back with equal disgust upon our 
air-supply a century hence ? That they 
will listen almcfet incredulously to the de- 
scriptions of the soot and acids and microbes 
and powdered dung that polluted* the air 
of an early twentieth-century town ? We 
use water to drink and to wash with. ^ But 
we admit the air we breathe to an intimacy 
at least as close as that of the water we swal- 
low, and the whole surface of our bodies is 
continually being wiped with air, with a 
vigorous pressure of fifteen pounds per 
square inch. Surely, then, the cleanness of 
air is a matter that deserves our serious 
consideration ? 


§ 2 

The Air of a Stuffy Room 

We turn now from the gross particles of 
dirt that may defile air to its subtler physical 
and chemical influences. Why is it that the 
town-dweller, spending most of his time 
indoors, is thin, weedy, and often snivelling, 
while the country-dweller, or, to a lesser 
extent, the townsman who gets into the open 
for a few hours every week, is ruddy and 
robust ? Let us see how far we can analyse 
the causes of this healthiness of the open air. 

We will start with a simpler problem. 
You come into a room, full of perfectly 
good, clean air ; you shut the door apd 
648 


windows aiid light a fere ; yousii 
a book. Presently the room 
The air has become dull and 
Your face flushes, and you fee 
drowsy, .with perhaps a slight 
Why is this ? 

As you sit and read, you burn, just 
the fire burns. You use oxygen and'exhal 
carbon dioxide. It was thought for a b ^ 
time that the gradual loss of freshness in 
the air was due to these. chemical processes-.- 
to oxygen scarcity or to carbon dioxide 
excess. But the matter is not as simple as 
that. Normally slightly over one-fifth of 
the air is oxygen, and it is very rare to find 
an atmosphere in which that value is scri- 
ously departed from. In a badly ventilated 
school-room or theatre or law-court the 
percentage of oxygen in the air may fall from 
twenty-one to twenty ; in your stuffy sitting- 
room it has probably not fallen even as far 
as that. Changes of this magnitude arc 
altogether too trivial to affect the body 
noticeably. With carbon dioxide also it is 
perfectly safe to bet that no significant 
change has occurred. Normally 0*03 per 
cent, of the air is carbon dioxide ; in badly 
ventilated meeting-places and school-rooms 
it may rise to 0*5 per cent., or even in 
rare cases to i*o per cent. But so accur- 
ately does our respiratory machinery respond 
to these changes that they barely affect 
the composition of the blood. They merely 
produce an imperceptible quickening and 
deepening of the breath. Only when the 
carbon dioxide percentage rises to 3*0 does 
it produce troublesome symptoms — violent 
breathing and slight headache — and this 
is six times as high as anything the reader 
is likely to encounter. So that neither 
oxygen nor carbon dioxide can be made 
responsible for the stuffiness of our sitting- 
room. 

Another idea that has been widely held, 
is that human bodies exhale traces of organic 
poisons of complicated but unknown com- 
position, and that these are responsible for 
the unhealthiness of crowded, stuffy rooms. 
Here again the evidence is negative. The 
odorous molecules that emanate fiom bodies 
arc not directly harmful to health. The 
objections to them are purely asthetic. 
Moreover, it can be proved that stuffiness 
is really not due to the chemical composition 
of the air at all. It is due to its physical 
properties. 

In order to explore this question of indoor 
air with more accuracy, experimental rooms 
have been Bmpd up in ph^dogical lalwra- 
toxics, in which the compositioh of the aif 
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be rontrolled by adding or absorbing 
of ii.1 ingredients, and in which such 
“JLiral nroperties as warmth and dampness 
also be regulated. It is found that if 
^ le ore crowded together in such rooms 
Urf^pressive feelii^ of stuffiness can be 
«.lifved simply by keeping the air cod and 


dn 


Chemical factors have nothing to 


do with it. Morcover—and this is a con- 
clusive proof that stuffiness is not due to 


“ impurity 


” of the air — a tube can be fitted 


opening 


to the exterior ; under these cir- 


cumstances people inside the chamber are 
„ot refreshed by breathing outside air 
through the tube, nor are people outside 
oppressed by breathing air from inside it. 
So that the unhealthy oppressiveness of a 
stuffy room does not concern the lungs at all. 
It concerns the skin. 

As we saw in Book i (Fig. .34) the skin 
is an organ of many and varied functions. 
Most interesting for our present purpose 
is the fact that it regulates the body tempera- 
ture— partly by acting as a radiator, in 
which blood is cooled, and partly by per- 
spiration. Now this regulation is a continual 
and very important process. Heat is always 
being generated in our muscles and other 
organs, and it is always being lost through 
the skin to the surrounding air. There is, 
so 10 speak, a ceaseless flow of heat outwards 
through the skin. Our temperature is a 
sort of compromise between the speed at 
which heat is generated and the speed at 
which it flows away ; it is rather like the 
amount of water in a bath with the taps 
turned on and the plug open, a balance 
hetween inflow and outflow. Now the 
processes that generate heat in our body are 
iifiicult to regulate. Just as a petrol- 
ngine warms as it works, so heat appears 
whenever our muscles contract, and, indeed, 
whenever any energy-changes occur in our 
bodies. Plainly, the source of the heat- 
dver is intimately associated with our vital 
processes. It is a measure of vigour. A 
healthy, robust man produces and loses more 
heat than a weakly man^ ; his heat-river 
js fuller and swifter. And it fluctuates with 
his ever- varying activity. To cool the body 
hy interfering with heat-production would 
involve depression of all sorts of important 
activities. So temperature regulation occurs 
fhe other end. When heat-production is 
excessive, or when the surrounding air is too 
Warm, the flowing away of heat through the 
is speeded up as much as possible, 
blood-vessels dilate so that plenty of 

‘ But there arc unhealthy Idndi of heat-production, 
we MW in 1 2 of the preceding chapter, 


blood may come and be cooled, and the 
sweat-glands keep the skin moist so that 
there may be extra cooling as a result of 
evaporation. If, on the other hand, the 
rate of heat production within the body, 
is low, or if the air is cold, the heat losses 
are checked ; the blood-vessels in the skin 
contract and the surface of the body is kept 
dry. Thus the skin is a weir-gate across 
the stream of heat, which can control it$ 
speed and flow. 

Now it is evident that hot damp air will 
obstruct heat-loss. Warm air will not take 
up 'heat as readily as cold air, nor will our 
sweat evaporate as readily if the air is 
already humid. It is upon these facts that 
the stuffiness of a warm, close room chiefly 
depends. The heat-stream is dammed, and 
in order to avoid over-heating, the warming * 
processes are delayed and interfered with— 
which has the most widespread depressing 
action on our organs. We suffer, so to 
speak, from calorific constipation. 

Moreover, it is clear that moving air will 
enable the skin to discharge its cooling 
function better than still air. If the air 
is motionless, the part in contact with the 
skin soon warms up and saturates with 
water vapour. This is why a slightly open 
window, by making a current of cool air, 
is so immediately refreshing, and why even 
an electric fan, though it makes no alteration 
in the chemistry of the air, nevertheless has 
a grateful effect in a stuffy atmosphere. 
The facts that we have just set down explain 
the feeling of oppression one gets in the 
warm, still, damp air of a thundery summer 
day. 

In addition to the interference with the 
normal cooling of the body, produced by 
moist and motionless air, there is apparently 
a nervous effect on the sense-organs of the 
skin. Slight changes in coolness of the air 
produce gentle stimuli which in some way 
keep the mind refreshed. How these sensa- 
tions should affect a busy brain is by no 
means clear, but it does «ecm as if our 
cerebral machinery goes all the more 
smoothly for this atmospheric caressing. 

So that if we want to keep the air in a 
room fresh and stimulating we must not let 
it get too warm, nor too moist, nor too still. 
We ventilate rooms for freshness and variety 
in the atmosphere, not for purity. And 
while we are ,on this subject of stuffiness, 
let us remember that, from the point of view 
of most of Mr. Everyman’s slun, it is the 
climate under his clothes that matters. 
Thick heavy garments lead to perspiration, 
?^nd if they are not loose-fitting they im- 
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prison a layer of warm damp air next to 
the skin. 

We may add a note here on the common 
cold — of all diseases the one which causes 
the greatest loss of time and energy. Nearly 


know. It may be one of the fiJi,-,. 
viruses or it may be a group of 


of different species. Whatever it is, it 
into the nose and irritates tiu- 


“PassluJ 


gnsl 



inucous. 

-~c> ^ i o D ; CXCt 

secretion. The nasal memlirane 

• n J »T’l_ _ ^ - It 


secreting cells, producing a grossly excessive 


Figs. 276, 277. The evolution of cbthes. Tennis 
champions in 1908 and 1928. 

everybody has one or two colds a year and 
many of us have them almost continually. 
Apparently the common cold is infective 


inflamed. The trouble 


gt'ts 

7 , . . . spread 

into the air-smuses opening out of the 
nose, giving the headaches and other 
discomforts of a severe cold in the 
head. Or it may spread to the throat 
and farther down the respiratory tubes. 

A severe throaty cold produces general 
feverish symptoms by blood-poisoning. 

Our susceptibility to this annoying 
complaint can be affected vcr\ 
markedly by external conditions 
Cool air, in itself, is not a cause of 
colds. Fishermen do not get colds, 
nor do polar explorers. Shackleton 
recorded that in his antarctic expe- 
dition there were no colds except for a 
single outbreak, which occurred after 
a bale of clothes from London was 
opened. The idea that chilly air ma\ 
cause a cold is due to the fact that m 
the early stages of the disorder, befon 
the nose runs, the temperature-regulat- 
ing mechanisms of the body are upset 
and we feel chills more sharply, and 
notice them before we know we have 
got a cold. 

Agencies which enfeeble or otherwise 
trouble the mucous membrane are 
great helpers of the cold microbe. 
They prevent the mucous membrane 
from defending itself. It has been 
shown that in warm, badly ventilated 
rooms the flushing of the skin is 
accompanied by a congestion ol tbe 
nasal membranes, which become 
swollen and boggy. Consequently om 
feels “ stuffy ” in such places. In tins 
condition the nose relaxes its norma 
defensive vigilance against diseast- 
germs, and the cold is “ caught 
rather the cold catches us. 

Susceptibility to colds varies Irom 
person to person. A nose 
specially prone, for structural and otner 
reasons, to invasion. But 
dividual, the frequency with wm 
colds are caught is on the j 
very fair measure of the 
toughness of the body, of the condition 1 
which one is keeping oneself. . 

Perhaps a healthier and 


ApparenUy the common coia is inieciive remaps a ncaiuuci Vj itnaethet 

—that is to say, due to a microbe which can generation will cut out the cola ai n 
be passed from person to person. Just either by'^^oughening Lobe* 

what the responsible microbe is, we do not identifying and combating the 
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...ill look back on our sniffing, nose- 
il.ition with the feelings we expe- 


Joftingpor”'’;' 


Ke look back at the pock-marked 
Jlation*'!' barely a century ago. 

§ 3 


Sunlight as a Tonic 

Evcryboriy knows how mind and body 
■ ice wIk'ii the sun breaks for a little 
hile throu.^di the mists and clouds after a 
,ell of overcast weather. Muscles become 
,utpr and the step livelier ; the mind 
orks more swiftly and sweetly ; the digestive 
erftions seem all too perfect. Sunlight is a 
r\- real and active tonic ; of that there can 
. no doubt. Of recent years there has 
en a great amount of active research, 
LSfd on the discovery that some, at least, of 
c beneficial effects of sunlight are due to 
a rays called “ ultra-violet.” These, as 
cryhody has heard nowadays, are rays 
which our eyes do not happen to be 
ponsivr ; they lie outside the range of the 
ihle spectrum, and it would be possible 
have a room that looked pitch dark 
I was nevertheless full of this kind of 
Jiation. We may call the ultra-violet 
invisible light. 

In the excitement that followed the first 
ndamental work on these rays all sorts of 
i\siological action were attributed to them 
ifli more or less justification. The clearest, 
attested and most striking story was of 
v\ ultra-violet light can delay or altogether 
wnt the onset of rickets in a diet deficient 
vitamin D (Book 7, Chap. 2, § 2). It 
ivcrts a substance called ergosterol, present 
the cells of the skin, into the vitamin. 

IS IS not, be it noted, a justification in itself 
treatment of weakly or rickety children 
h ultra-violet light ; the light simply 
ipeiisates for the lack of the vitamin, 
docs nothing in this respect that cod- 
oil or any other vitamin-containing 
'‘^ihstancc could not do. 

1 hen there is a group of actions depending 
ufi the fact that ultra-violet light is harmful to 
P^^toplasm, and acts as an irritant of the 
J It is the chief cause of sunburn, and 
l^riilicial exposure to lamps specially made 
rmit ultra-violet light is followed by a 
train of responses — first redness or 
jymema, developing about twelve hours 
^^^r exposure, then, if the burning has been 
soreness and blisters and peeling, then 
bronzing of the skin with the pigment 
a protection against further 
posurc. The most powerful oil lamps 
*^^eivable, those of a great lighthpuse for 


example, might play upon a man’s skin for 
ever without producing sunburn, because 
they do not emit a sensible proportion of 
ultra-violet rays. 

A number of practical applications depend 
upon this action. Ultra-violet light has been 
used very successfully against lupus or tuber- 
culosis of the skin, because it irritates the 
tissues and stin^plates the defensive process 
called inflammation (Book i, Chap. 2, 
§ 8). It spurs on the normal attack against 
invasive organisms. If a large area of the 
skin be mildly irritated by this means there is 
a temporary increase in the vigour with which 
the leucocytes throughout the body go 
about their scavenging duties. But other 
skin irritants besides ultra-violet light can 
have results resembling these. According 
to the authors of the report of the Medical 
Research Council for 1927-8, “there is no 
present reason to know that artificial light 
can do more in this respect than a mustard 
plaster, which is indefinitely cheaper.” 
Ultra-violet light simply happens to be an 
irritant whose dosage can be easily and 
accurately controlled. 

Another aspect of its irritant properties 
is that ultra-violet light acts as a disinfectant 
and will killT)acteria, just as in heavy doses 
it will kill human cells. But this is probably 
of little importance in the physiology of 
sun-bathing. .Ultra-violet light will only 
penetrate the skin a very short distance — 
it has been said that the skin of a blister 
is amply enough to block the rays and so 
protect its nasty contents from disinfection — 
and bacteria in the ducts of the sweat-glands 
and in the hair-follicles will also escape. 
A beam of direct sunlight, however, falling 
through an open window into a room will 
disinfect the specks of dust that float across it. 

Then there are a number of special actions 
— for instance, ultra-violet irradiation has 
been shown to hasten notably the healing 
of ulcers of the cornea — the glassy front part 
of the eye. 

But aside from these instances, all of 
which are matters of special medical treat- 
ment rather than of general hygiene, there 
is a widespread belief that ultra-violet light 
braces and stimulates the whole system. 
Many people who have undergone courses 
of ultra-violet treatment, not for special 
complaints but because they felt run-down, 
are enthusiastic in their recommendation, 
and the monkeys and reptiles in the London 
Zoo are all the healthier for the provision 
in their cages of lamps emitting this form 
of radiation. But in this field there is a 
regrettable lack of clear scientific evidence. 
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It seems to b^cstablishcd that the number 
of red cells in the blood increases after 
irradiation — perhaps this is another after- 
effect of its inflaming action — and there is a 
toning up of the apparatus of temperature 
control ; people who are being treated 
commonly cast off mufflers and wraps. 
One worker claimed that he could detect 
a change in the gastric juicj after treatment 
But in all these claims there is an element 
of uncertainty. There is, for example, the 
possibility of auto-suggestion ; our next 
Book will show how subtle and powerful 
is the influence of the nervous system on 
such other parts as the digestive organs. 
As for the monkeys and snakes, the light 
may simply be compensating for the lack of 
vitamin D in the Zoo diet. 

We are not denying here that ultra-violet 
light treatment has beneficial effects that 
cod-liver oil and auto-suggestion between 
them could not produce. In the present 
somewhat confused state of medical know- 
ledge it would be premature to deny. But 
the uncritical nature of the evidence should 
be kept in mind ; there is a lot of exaggera- 
tion and a certain amount of sheer fantasy 
in the ultra-violet boom. 

At present special lamps are lacing manu- 
factured and put on the market which allow 
of ultra-violet treatment in the home. Most 
artificial illuminants are, of* course, quite 
useless from this point of view, but by fitting 
a small arc-lamp or a mercury vapour 
lamp it is possible to strip and bask in one’s 
bedroom in a sun that turns on and off to 
order. But those who may be tempted to 
get and use such lamps must remember 
that ultra-violet light is a drug that should 
be cautiously handled, especially in the 
highly concentrated form in which it is 
emitted by these special lamps. Ultra- 
violet light can cleanse and stimulate, but 
it can also irritate and blister. Fair people 
in particular, who have little protective 
melanin, should be chary of its use. A little 
too much exposure may make one itch 
devilishly, and there are cases of people who 
have done serious injury to their skins by 
falling asleep under one of these artificial 
suns and exposing themselves too long. 
Unless goggles are worn th^ eyes may be 
badly and even permanently hurt by these 
dazzling light-sources. The only clearly 
established virtues of artificial ultra-violet 
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light concern its use in the 
certain special afflictions. It h 


ti'f’.itment 
^ ^ useful 


weapon in the doctor’s armoury. Log,, 
to him. 

It is a curious fact that just as a , 
blue glass may let through the blue rays a 
hold back the red, yellow, and green, so 
kinds of glass can let through the visiKi 
rays and hold back the ultra-violet. LiH 
which has passed through an ordint 
window-pane is useless medically, althoui 
it looks the same as unfiltered light. It mL 
warm and brighten, but it has lost its re: 

“ kick.” In research work or medic; 
practice in which ultra-violet light is 
the transparent parts of the apparatus ai 
made of quartz or other substances which li 
the ultra-violet light through. Various kim 
of glass are being manufactured for windoi 
panes and the like which admit these ra^ 
to a considerable extent. More importani 
from the health point of view than thi 
opaqueAcss of glass is the opaqueness of thi 
atmosphere to ultra-violet light. Pure di 
air lets the rays through, but hazy or 
air obstructs them, and smoky air may stoj 
them altogether, as glass does. Thi; 
according to ultra-violet enthusiasts, is wh] 
cold mountain sunlight is so much stron^c 
and more stimulating than the sunli)^h| 
of plains which has filtered down thrnuii] 
more or less water-vapour, and why it is s( 
incomparably superior to the smoke-emasru 
latcd sunlight that reaches a city-dwellcr| 
But we should not forget the bencfici; 
effect of clean, dry air on the lungs am 
skin. 

Whether these particular rays are tla 
responsible agents or not, there can be m 
doubt as to the comparative healthiness of 
smoke-free atmosphere. The excitemeni 
with which ultra-violet treatment has beei 
received is a confession of our social imper- 
fections. With cleaner air and less 
pollution wc could dispense with artificial 
aids altogether. They are the complemeiit 
of bad town-planning and bad combustion. 

While great towns remain what they arc, 
Mr. Everyman is well advised to go into a 
purer atmosphere for at least two or thr^ 
weeks in the year, to the seaside nr the 
mountains, and there expose as much of h^i 
body to clean air and the tonic rays of thcl 
sun as his ideas of decorum and his liabihtyj 
to sunburn will allow. 
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THE 

present health of homo sapiens 

I. The (mtrol of Epidemic Diseases. § 2. The Heart and Lungs. S q Cancer 
§ 4. Tuberculosis. § 5. Mr. Everyman and the Fight Against Disease. 


§ I 

The Control of Epidemic Diseases 

i ND n(nv, in the light of what we have 
/xalrcady learnt, let us look round at the 
gfiicral health of the world-community to 
i^hich we belong.^ Comparing the modern 
world, and especially its most intensively 
civilized parts, with tne world of a hundred 
v'cai^ ago, the most striking difference is the 
enormously reduced importance of pesdlence 
all forms of microbe-carried diseases. 
The main ways in which this reduction has 
been effected have already been sketched 
)ui in Chapter 2. In England, for instance, 
eprosy, sweating sickness, and plague have 
■aiiiiied. With the general improvement 
D pui)lic hygiene, and particularly in the 
llsposal of sewage and the purification of the 
latcr-supply, cholera has ceased to make 
lenodic raids on the population and the 
\])lic)id mortality has fallen to about one- 
ihoiL'fandth of what it was ninety years ago ; 
bolation and preventive vaccination have 
eciucod smallpox to a rare and comparatively 
^ild complaint ; and such still-prevalent 
ifeclions as measles and whooping-cough 
re also retreating, although more slowly. 

T many other parts of the world this elimin- 
mg process has barely begun. Pestilence 
ill broods in hot, uncivilized countries 
id in the disorganization of the Great War 
broke loose with devastating results, 
^bria, plague, and influenza are the chief 
Irrtious scourges nowadays. But influ- 
lia presents problems of its own. It is 
'Pimeiitly followed by immunity of the 
^st transient kind, and the mildness of 
illy cases, hardly distinguishable from the 
inmon cold, makes isolation impracticable. 

lor malaria, plague, and the rest, the 
^nmg-up of Europe shows what can be 
It needs only similar efforts on a 
1^ d-wide scale instead of a national scale 

onvc these pestilences altogether off our 

met. 

while, in those countries which have 
n purged already of the more serious 
diseases, there are less urgent 
crthelcss serious problems to solve, 
presents a definite parallel to the 


smallpox of a hundred years ago. Although 
Its ravages are much less severe, it is so 
universal in Great Britain that few escape 
It ; It is pre-eminently a disease of children 
as smallpox was ; as with smallpox, it may 
be followed by a train of damaging con- 
sequences, and open the door to other more 
fat^ complaints. That measles, in common 
with other still-prevalent infections, will go 
as smallpox, plague, and malaria are going 
can hardly be doubted. 

Here we have been forced to deal very 
summarily with the battle against epidemic 
disease because of the limitations of our 
space. A number of minor engagements 
and triumphs we have regretfully omitted. 
The interested reader will find further 
information in such books as Paul de Kruif’s 
spirited Microbe Hunters^ or Dr. Charles 
Singer’s Short History of Medicine, 

§ 2 

The Heart and Lungs 

lo-day the centre of interest has shifted 
somewhat from these dramatic scourges. 
A consideration of recent mortality figures 
will show very clearly where the principal 
problems now lie. In this and the following 
sections we shall base our discussion on the 
deaths occurring in Great Britain in 1928 ; 
the picture presented applies in its essentials 
to all civilized countries at the present day. 

In that specimen civilized community 
during the year under consideration, 11*7 
people died out of every thousand. What 
were the causes of their deaths, and how far 
could they have been avoided ? 

First among the various causes of death 
as set forth by the Chief Medical Officer of 
the Ministry of Health, we find diseases of 
the circulatory system, accounting for 22*9 
per cent, of the*total mortality ; more than 
two-thirds of these deaths are due to diseases 
of the heart. Here, of course, we are not 
dealing with a simple disease like cholera 
or malaria, but with a complex group of 
conditions. Generally speaking,' heart- 
disease is primly caused by some kind of 
microbial invasion of the body j rheumatic 
fever is often responsible, although a number 
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of other infections may play their part in 
weakening the vital pump. Besides parasites 
there are various secondary factors. Physical 
strain, blood-poisoning due to inadequate 
elimination by the kidneys, and excessive 
smoking or drinking are examples. 

The next group, responsible for 12-9 per 
cent, of the total mortality, is disease of the 
respiratory system. Mostly these deaths 
are due to pneumonia and bronchitis. 
Tuberculosis of the lungs is left out and 
included with other kinds of tuberculosis ; 
we shall discuss it later. Here again we are 
dealing with a complex group of conditions. 
Lobar pneumonia — pneumonia primarily 
affecting the alveoli of the lung (Book i. 


virulence , 

ably different strains ; 


chapter 

there arc a number of rccogi^ 



Chap. 2, § 5)“ is due to the presence of an 
infecting organism, usually a bacterium 
called “ pneumococcus.” But the conditions 
determining invasion arc very complicated. 
Pneumococci are to be found in the throats 
of many perfectly healthy people, especially 
in winter and early spring ; the number of 
such people has been variously estimated at 
from twenty to fifty per cent, of the popu- 
lation. Apparently the normal, healthy 
body is able to resist the further penetration 
of the invaders. But fatigue, exposure to 
cold, or some other invasion such as measles 
or diphtheria, may lower its resistance and 
so cause a dangerous attack. On the other 
hand the pneumococcus itscli varies in 
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. - , and wc find'J 

pneumonia occasionally breaks out inei 
demic form. Besides the pncumococr 
there are two or three other microbes wliii 
may be waiting about in the throui and w-hi! 
join in the assault. Bronchitis means inflar 
mation of the membrane lining the bronchi 
tubes (page 40), and^ it may be caused 
various ways— by microbes, or by dire 
irritation by chemical fumes or dust. l| 
some ways intermediate between the tw 
is broncho-pneumonia, in which the fit 
end-branches of the bronchial tubes, juj 
where they enter the alveoli, are affected. 

As a cause of mortality, we noted, n 
spiratory disease is second only 
diseases of the circulation. As a cau; 
of ill-health and disablement it has r 
rival. An idea of its extension cau ' 
obtained from the figures of sickru 
insurance ; in 1928 more than twent, 
two per cent, of the cases that insurano 
practitioners had to deal with wei 
bronchitis, catarrh, colds, or pnra 
monia. The next group, abnormahin 
or irregularities of the digestive sybten 
totalled only thirteen per cent. \Vi 
arc confronted here by a tremendo 
complex of disorders of the respiraioi 
system, varying in severity from 
slight inflammation and over-acti\ir 
of the mucous membrane of the noi 
to acute and fatal disease of the lungs 
and together accounting for a ver 
great proportion of human discomlo: 
and death. . . 

Strictly speaking, pneumonia is d! 
infectious disease. The pneumocurcii 
can only be caught in the neighbour 
hood of an infected person, lor 1 
cannot survive for long away from t 
moist dark corners in which it livcsj 
But, except in the case of particular 1 
virulent outbreaks, it is hardly practic.a )i 
to attack it by using the methods employ r 
against epidemic diseases because ^ 

of people carrying the microbe and ice 
no obvious discomfort from its presence ^ 
so much greater than the number ot act . 

sufferers, ^ 

Some vividly interesting figures, 
suggest an altogether more pronta j 
of attack, are to be found in the Reg 


General’s Decennial Supplement loi 
in the part dealing with janc 

Mortality. The death returns for l-ng 
and Wales over a period of three 
1 92 1 to I g??5, are an^ysed with regat d to 
professional occupations and cconomie 
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/'I.?- ^ 79 - diagram to show how certain causes of death ajfect different sections of the community. 

ft, mmkn I to V represent Jive social classes, grading from the well-to-do (/) to the unskilled workers (V) The 
,;/ mh column shows the comparahve death-raU in that class from the disease in question during the years tqat-a, 
m a percentage of the average death-rate from that disease. It will be seen that heart-disease, res^ratoiy 
l„ie ibionchitis and pne^nta) and phthisis fall most heavily on the poorer classes, and show a regular grading 
a, III social circumstance. But diaheUs, like most cliseases of the digestive system, grades the opposite way, indicating 
Ihal lime in a position to do so overstrain tlurr nutritional machinery. (Figs. 278, 279, and 280 are after the Hegistrai- 
General s Decennial Supplement for 1921, Part //, Occupational Mortality.) 


(){ the dead. The first striking fact that emer- 
ges is that workers in certain industries have 
a very high ^mortality from bronchitis and 
pneumonia because of the damaging action 
()1 dusts on their lungs ; thus potters, china 
kiln and oven men, and various groups of 
incial grinders suffer by inhaling particles 
oUilica, while certain groups of workers in 
I ihf cotton and woollen industries are injured 
In vegetable dusts. But aside from factors 
peculiar to special occupations there is a 
marked and regular grading in all forms of 
rcipiratory disease corresponding with econ- 
miiic status. We cannot give full details 
here ; the reader who is interested should 
nmult the report ; but we may note the 
(liflerence between the two extremes of the 
''cale. The mortality from lung disease 
excluding tuberculosis) among unskilled 
Workers is two and a half times that among 
'he upper and middle classes. Here, there- 

we are dealing not with any simple 
eausc, but with the general conditions under 
'duch people live. 

The mortality from influenza shows a 
’'imilar grading. This is because in itself 
"inuenza is not a killing disease ; but in 
people whose resistance is low it helps to 
j^Pen the door to other microbes, and so 
^^tal respiratory compli- 

a previous discussion of the common 
told we found a similar story. We are 
eahrig here with a group of very prevalent 
k'crms, too uniformly prevalent to admit of 
' frontal attack. But the facts that we 
^^ejust given show that a large proportion 


of their toll on human life and energy is 
preventable. The road lies through the 
control of the secondary causes that assist 
the invasion of the microbes, through the 
building up of a healthy, resistant population. 

§ 3 

Cancer 

The next cause of mortality, after diseases 
of the circulation and diseases of the lungs, 
is that outstanding puzzle, cancer ; 12*2 

per cent, of the deaths in 1928 were due to 
this cause. As everybody has heard, the 
death-rate from recorded cancer increases 
slowly but steadily from year to year ; in 
1928 it was nearly three times as great as 
fifty years ago. 

Cancer is a rebellion of the tissues of the 
body — its alternative name, malignant 
growth, is a good one. It starts locally. 
Suddenly some of the cells lose their specia- 
lization and begin to grow like an inde- 
pendent parasite. For some months the 
revolt spreads slowly into the immediate 
neighbouring tissues. Then it begins to 
diffuse itself more extensively ; some of the 
cancer cells detach themselves and float 
along the lymph vessels, lodging ultimately 
in the filtering glands through which those 
vessels pass every now and then. Thus 
secondary cancers are set up. If nothing 
is done the spread continues for two or three 
years until either by direct interference 
with the functions of some vital organ or by 
sheer exhaustion, the sufferer is killed. The 
remarkable thing about the picture is the 
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thoroughness with which these cells fling 
off* their allegiance and turn against the body- 
community to which they have hitherto 
belonged. They are profoundly altered. 
It has been shown that the blood in cancer 
cases contains anti-bodies opposed to the 
cancer cells. They are recognized by the 
rest of the body as alien, inimical things, 
and resisted, although ineffectively, by the 
usual machinery of defence against invaders. 

The great majority of cancer deaths occur 
in people past the prime of life ; whether 
this is bet^use old age is a predisposing 
of eancer or whether because a long 
gives more opportunity for the slow, 

‘ continued irritations that, as we shall shortly 
note, are a frequent cause, is not definitely 
known. One often hears cancer called a 

disease of civilization,” so we may point 
out here that'its occurrence has been recorded 
in primitive races of man, and even in other 
vertebrate animals living both in a state of 
nature and captivity. In the lower animals, 
caycer presents the same microscopical features 
and the same higher incidence in old age as 
it does in our own species. Manifestly in a 
species where individuals die early, deaths 
from cancer will be less abundant proportion- 
ally thai^in or:^, such as our own, in which 
the average life has been greatly prolonged. 
A part of the increased ratio of cancer deaths 
to the total death-rate is due to the fact 
that people have escaped earlier deaths and 
so survived to the cancer age. 

What are the causes of this strange and 
terrible rebellion among the tissues ? 

Theril is as yet no clear evidence that 
human cancer, at any rate, depends on the 
presence of a microbe of any kind. One 
or two types of malignant tumours in fowls 
have been shown to be transmissible from 
bird to bird, using a clear, filtered fluid, 
which indicates that ultra-microscopic 
viruses arc at work. But the conditions are 
very complicated. It is apparently necessary 
that the virus should be accompanied by a 
delicate and easily destroyed chemical factor. 
The researches are continuing ; but it is 
not yet possible to speak of practical human 
application. 

On the other hand it is abundantly 
proved that cancers can be started by the 
local application of irritants of various kinds. 
Thus sldn cancer is usually common among 
chimney sweeps and certain groups of cotton- 
workers, owing to their exposure to irritating 
dusts, among gas-stokers and coke-oven 
workers because of the continued action of 
tarry and intense heat, and among iron- 
puddlers and glass-house workers, where it is 
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caused by heat alone. Cancer of ti , 
oesophagus, and stomach, on the oi Wt 1 
IS common among barmen, cdlmnrn: 
waiters, whose occupations enable ihe, 
consume unusually high amounts of 
alcoholic drinks. Parallel data have 1 
obtained from experiments in whicli caiir^‘ 
were produced in animals by the 1(^*1 
application of irritants to the skin 
worth noting that these irritants have to an 
over long periods of time ; it is chronic 
not acute, imtaUon that is effective 
Apart from rate Entailed in these 
special occupanonj^ tbm a very intercstinff 
and suggestive correladbh betwe^^ cancer 
and the gmcral conditions under which 
people live. In the report on occupational 
mortality to which wc have just referred, it 
is shown that cancers can be divided into 
two groups, according to the original site. 
The first group includes cancers of the skin, 
tongue, larynx, oesophagus, and stomach! 
which show a very pronounced and regular 
grading with economic position, their inci- 
dence being more frequent in poorer sections 
of the community. Just over half of the 
total cancer mortality falls in* this group. 
The second includes cancers of other parts, 
not exposed to fluctuating conditions, and 
these show no grading at all, but afflict 
the poor and well-to-do in equal measure, 
It would seem that the exposed surfaces of 
the poor are subject to irritation by ill-littinit 
clothing, bad food and drink, and the like ; 
the figures suggest that a large proportion 
at least of cancer deaths could be prevented 
by more comfortable living. The most in- 
teresting figures concern the different parts 
of the digestive tract. Cancer of the tongue, 
of the oesophagus, and of the stomach, all 
show a pronounced grading from class to 
class. Cancer of the intestines, of the liver 
and of the rectum do not. Apparently food 
and drink may act as an irritant on its way 
down to the stomach — it may be in an 
unsuitable form, or too hot, or the drink 
may be strong spirit — but dfter the treatment 
it receives in the stomach such outstanding 
faults have been corrected. Beyond that 
part they will do no further damage. 

Even deep-seated cancers may be initiated 
by irritations. Thus one of the most frequent 
cancer-sites in women is the womb ; hem 
the irritation may be due to scar-tissue left 
by injuries during childbirth. Elsewhere, a 
variety of different kinds of lesion may result 
in cancers. Besides these undoubted faciS) 
there is the possibility that general consu- 
tutional factflrs may co-operate by making 
the tissues more sensitive to local irriiatio*i* 
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so 


J liable, for instance, that chronic 
•oning ' damages the heart 

arterir might be a contributing factor. 
f mice, i has been shown that heredity 
livs a pal ; certain strains are more liable 
^'cancer tuan others ; but there is not a 
hred of e^ dcnce at present for the common 
belief ill the inheritability of a 
cancerous disposition in our own iso 
species. 

As for the treatment of cancers, 
the only hopeful course ^a.t jpresent 
is to destroy the prinoa^ry Centre 
before it begins to spread and ^vt 
rise to secondary growths. If it has* 
spread to that extent, there is no 
^ hope as yet of a cure. The primary 
centre, in early cases, is generally 
removed surgically ; but recently a 
number of brilliant successes have 
been obtained by killing it with 
radium. This new method was first 
used successfully in cases where sur- 
gical operation was dangerous and 
inadvisable ; nowadays it is spread- 
ing even to operable cases and be- 
coming a substitute for the knife. 

The chief trouble about treating 
cancer in the present state of our 
knowledge is that the disease is often 
not noticed until it has progressed 
too far to be curable. Perhaps 
intensive research will reveal yet 
other methods of attack ; the fact 
that the cancer-cell is sufficiently 
different from other cells to stimu- 
bte the formatipn of anti-bodies 
suggests that there may be chemical 
ways of getting at it. 

There wc must leave the question 
oI cancer with this practical maxim : 

‘ivoid chronic chafings and irrita- 
tions whenever possible and have 
me scars of old operations examined 
irom time to time. 


m- 


50 ' 


of the circulation rather than a defection 
of the nervous tissue. The rest arc brought 
about by a miscellany of conditions, such as 
special infections, complications of syphilis 
and so forth ; none of them by itself accounts 
lor any large number of deaths, and we need 
not discuss them further here. 
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§4 

Tuberculosis 

we must continue our 
review of the chief causes of 
rrioriality in a civilized community to-day. 

after cancer, in the official report, 
omes a group called “ Diseases of the 
erv’ous System,*’ accounting altogether 
9 1 per cent, of the whole mortality, 
this is a very mixed collection indeed, 
early half of the deaths arc due to cerebral 
wiorrhage, which is really a local failure 
uu 


Fig 280. Cancer and social position. 

Above : A diagram constfucied in the same way as Fig. 279, and 
showing how cancer of different organs varies from class to class. 
Cancer of sites directly exposed to the environment, such as the skin, 
mouth, and stomach, grades sharply with economic position ; cancer of 
deep, sheltered sites snows no grading. Below : A parallel diagram, 
but deeding with cancers of the digestive tract onl^. The upper part 
of the tube, from mouth to stomach, is exposed to irritation by food and 
drink ; arid here cancer grades from class to class. The lower part, 
intestine and rectum, is only exposed to digested food, and here there is 
no grading. 


Next comes tuberculosis, responsible for 
8 per cent, of the total mortality ; here again 
those vulnerable organs the lungs come into 
prominence, for phthisis, consumption, or 
tuberculosis of the lungs accounts alone for 6*5 
out of that 8 per cent. Besides the actuzu 
mortzility, there is an enormous amount 
of illness and enfeeblement due to lesser 
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degrees of tuberculosis. The disease is world- 
wide in its extent ; it does not occur in 
epidemics but is constantly taking its toll 
of the species ; probably no other single 
microbe is so destructive. Moreover it affects 
other mammals besides man. Experi- 
menters have even succeeded in infecting 
fishes and worms. 

Tuberculosis Ls caused by a highly 
characteristic bacillus, which may invade 
any organ or tissue, causing the latter to 
forni tiny lumps. Its course depends on a 
number of circumstances. The infected 
tissues may soften and die, or the germs may 
be hemmed in successfully by white blood- 
cells and by the growth round them of 
fibrous tissue and their spread may be 
checked. Apparently the ma jority of people 
contain, somewhere in their bodies, the 
remains of such a battle ; it is said, from 
experience at post mortems, that the signs 
are recognizable in at least ninety per cent, 
of adults. Moreover, in most cases at least, 
the infection seems to occur in childhood. 
Most children of fourteen have already 
acquired tuberculosis scars. 

It is obvious from these facts that the 
presence of the bacillus in the body does 
not necessarily mean disease. Normally 
the natural resistances arc enough to hold it 
in check. But, as with pneumonia, any- 
thing that lowers one’s vitality may upset 
the balance in favour of the dormant germs. 
Fatigue, other infectious diseases, malnu- 
trition, or life under unhealthy conditions 
may set it off. Here, the Report on Occu- 
pational^ Mortality already referred to shows 
a striking parallelism between the death- 
rate from tuberculosis of the lungs and that 
from pneumonia and bronchitis ; it increases 
rapidly and regularly as we pass down the 
economic scale. 

The fight against the tubercle bacillus 
involves two campaigns— preventive and 
curative. The preventive steps are largely 
directed against the spread of the more 
damaging kinds of infection ; the most 
notable is the systematic testing of milk for 
the bacillus, and the certifying of uncon- 
taminated sources. A large proportion of 
abdominal tuberculosis, especially in children, 
comes frotn cows via their milk. The prompt 
isolation of people with seriously consumptive 
lungs, or with tuberculosis sores on the skin, 
helps to check dissemination. Recently 
considerable interest has been awakened 
by the work of Professor Calmette, who 
claims that by inoculating with a special 
harmless strain of living bacilli immunity 
can be produced, lasting for about a 
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year— the principle being the ..mc 
vaccination against smallpox, ijut ,|f 
completeness of the resulting protection k 
Still doubtful. 

As far as the treatment of suficrers ‘ 
concerned, there is no direct attack on th^ ' 
bacillus ; the method is to isolate the patients 
in special sanatoria, where everything pos- 
sible is done to increase their natural rliis 
tancc. They are given plenty of exposure 
to the open air— pure air— and to sunlight • 
they are given a generous but carefully 
chosen diet ; their exercise and their personal 
hygiene are watched and regulated. In 
early cases the treatment is often strikingly 
successful. But tuberculosis is a very insid- 
ious disease ; it produces a general weaken- 
ing rather than arresting local symptoms : 
and often the treatment is not undertaken 
until it is too late for repair. 

It is consoling to set against the alarming 
steady increase in the cancer mortality ihr 
fact that as the general standard of life ol 
the community rises, tuberculosis retreats. 
It is still a tremendously injurious and waste- 
ful disease. But in England the death-rate 
is now less than one-fifth of what it was 
severity years ago, and in other civilized 
countries it has undergone a parallel decline 
Direct preventive means have certain!) 
played their part ; but the most importam 
factor of all is undoubtedly general publu 
health. Sharp reductions have been found 
to follow the substitution for back-to-back 
houses of houses with through ventilation, 
and the draining away of subsoil watei. 
During the Great War tfie mortality from 
tuberculosis increased again, but except foi 
this interruption its retreat has been stead) 
and continuous. If the present rate ol 
progress can be kept up, if the improve- 
ment in housing and general hygiene can 
be continued, tuberculosis may be a rare 
disease in two generations from now. The 
clean, open-air life of the sanatorium points 
the way. 

§ 5 

Mr. Everyman and the Fight Agaiml 
Disease 

Circulatory disease, respiratory di.seasc, 
cancer, nervous disease and tuberculosis^ 
those, in descending order, are the mam 
causes of death in Great Britain at the present 
day. Together they make up 65 per cent- 
of the total mortality. Next on the list 
comes disease ^f the digestive system -"5 
per cent. — and so on to a number of oinc 
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\Vo need not pursue the analysis 
^ he chief problems have already 
further. continue would be to 

t details without any important 

"Idfon of principle. _ r t, ^/r 

Thl leinains the question of how Mr. 
should face the present positjon. 

T ^tate our percentage in a slight y 
ifferent way, the odds are almost exactly 
f 10 O..C- that he will sooner or later d^ 
le of the ailments that we have discussed, 
m at shot, Id he do, from the point of view 
f his own personal welfare ? How can he 
In the species in its collective struggle for 
healthier living ? 

The salient fact, to which we were brought 
time after time in our review, is that these 
main diseases depend enormously on one s 
treneral power of resistance— on a host of, 
ai first sight, minor matters of everyday 
‘personal hygiene. To a large extent, at 
anv rale, they are preventable maladies. 
Or rather they are delayable. Sooner or 
later as age creeps on death must come in 
some form or other, but there seems little 
reason why it should ever come before three- 
hturo and ten, or why it should take a painful 
iorni. But this tale of deaths coming for the 
most part before life has played itself out, im- 
presses us not so much by mortality as^ by 
the enormous mass of unsatisfactory living, 
of malnutrition and under-exercisc, of bad 
fidiising and clothing, of carelessness, ignor- 
anre and fatigue that it makes evident. 
That is the fact ; the mass of minor physical 
inefficiency is the main thing ; the fatal 
diseases are only its culminating syrnptoms. 
it is not merely that people do not live long 
enough, but that they are not living well 
enough. 

We have seen that much of this prevalent 
ill-hcalth is due to circumstances outside 


fit. Let him brush his teeth regularly, 
evacuate his bowels regularly, take a reason- 
able amount of exercise so that his muscles 
are firm. Let him think his way of living 
over, and avoid any habit — such as the sort 
of over-smoking that leads to a perpetual 
sore throat — that may open the door to 
grave disease. Above all, let him not get 
too slack ; let him be interested and 
active. 

Second, let him consult the doctor fre- 
quently, whenever he is in doubt. There 
is a sort of heroism that keeps a man at his 
work when he ought to be in bed ; when he 
has a severe cold in the head that might 
be mild influenza, for example. It is a 
dangerous form of heroism. To neglect 
any slight trouble in its early stages may have 
serious consequences ; if the complaint is 
an infectious one, delay will assist in its 

spread. . . , • i 

Moreover healing is a specialist’s job. 
No busy TTian would think for a minute of 
purchasing an expensive automobile and 
running it for years without ever calling 
in outside assistance and advice ; the running 
of a body for its seventy or eighty years of 
life is an altogether trickier affair. True, 
books can be bought whi(jh explain all 
about cars down to the minutest detail, so 
theoretically the first proposition might 
be possible. But bodies vary much more 
than motors. One’s state of health is a 
resultant of so many interacting factors 
that every individual case presents peculiar 
features of its own, demands special expert 
consideration. Therein lies the inadequacy 
of home doctoring, of attempting to cure 
oneself by simple old-fashioned remedies or 
by some attractively advertised patent niedi- 
cine. The balance of health is too delicate 
and too intricate for that kind of stereotyped 


immediate control of Mr. Everyman, 
^uch matters as the control of supplies of 
food and water, the systematic checking of 
tlie spread of infectious disease and the 
egulation of conditions of industrial housing 
^od employment are for public health 
authorities. The raising of the general 
“conomic status of the population — here 
ct us remind ourselves again of the Report 
'll Occupational Mortality, which shows 
‘ow much ill-health and disablement are 
by poverty — is a problem for Govern- 
to handle. But there remains the 
^dividual problem ; the course that Mr. 

should adopt if he wishes to live 
^ long and as vigorously as his circumstances 
How. 

^irstj then, let him keep himself clean and 


adjustment. 

• What we have written here sounds very 
elementary and almost platitudinous ; and 
yet it has to be stressed. Many people seem 
to live anyhow, without a thought for 
physical welfare, until suddenly some trouble- 
some or painful derangement sends 
to the doctor. They look upon the medical 
man as simply a patcher-up of damage done. 
But the doctor should do more than that. 
He should be a regular inedical adviser, bo 
much preventable suffering has its root in 
causes which could easily be remedied u 
they were (jptected early enough and 
promptly attacked. Mr. Everyman would 
be well advised to see his doctor periodically, 
just as he sends his automobile to be over- 
ha led once in a while, not so much tor 
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the correction of distressing symptoms as get him. But by liv in g a careful 
for the detection and rectification of minor life he can postpone that moment 
errors in his way of living. Therf he can be as possible ; he can get as viiroin^ 
sxxre that the hygienic rules and disciplines fruitful a life as his inborn consEt 
he has adopted suit his own particular and accidents of circumstance n' 

«««. he stands the best chance of puttincoTk- 

Naturally enough, vigorous health cannot ultimate defeat until his ™ 

last for ever. As the years go by, Mr. and interests and the natural resign 111^'" 
Everyman’s power of resistance will gradu- age rob death of its last elements of frmt ” 
ally fail, and sooner or later something will tion. 
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CHAPTER I 


RUDIMENTS OF BEHAVIOUR 

. I Tnr Three Elements of Behaviour. § 2. Receptivity. § 3. Response. § 4 
Cortelaiion : the Origins of the Nervous System. § 5. Vegetable Behaviour. § 6. 
Instinctive and Intelligent Behaviour. § 7. The Behaviour of the Slipper Animalcule. 
§ 8. The Different Worlds in Which Animals Live. 


§ I 

The Three Elements of Behaviour 

W r. have now studied a living body in 
some detail, and reviewed the whole 
spectacle of life. We have studied in particu- 
l,ir the resistance of the human body to 
disease. We are now turning to the spon- 
taneous activities of living things. They 
act of themselves, and they act discrimin- 
atingly and not merely according to the 
laws that govern the movements of lifeless 
matter. And we shall find creeping in by 
almost imperceptible degrees the persuasion 
that living things do not merely move 
spontaneously, but feel. As we ascend the 
scale of being we shall find movements more 
and more suggestive not merely of feeling but 
of perceptions, observations, and thoughts 
as wc know them in our own minds. A 
point will come when we shall have to 
abandon exterior observation and turn our 
minds inward for light upon the problems 
()1 animal behaviour. 

All living things respond to their surround- 
ings. Even the simplest microscopic animals 
will pursue their prey and avoid hostile 
induences ; even a plant pushes its roots 
towards moisture and its leaves towards 
the sun. All through the spectacle of life 
perceive that adjustment of activities 
to circumstances of which our own triangle 
of feeling, thinking, and doing is only the 
Eliminating case. To this apparently 
spontaneous adjustment we are now to 
give our attention. 

It may be well to insist upon a possible 
danger in our treatment of this question, 
the assumption, which may be either prema- 
ture or quite wrong, that amoeba really 
Iccls the influences, such as harmful chemical 
substances or excessive heat, which it avoids, 
w that a plant is aware of moisture and 
)‘ght, and responds to them in a way which 
involves some sort of parallel to our own 
consciously appreciated feelings and responses. 
Ihere is only one conscious mind (the 
P<'int is too often made in abstract dis- 
cussions to need further elaboration here) 
ol whose existence a man may^be sure, and 
that is his own. His belief inj^the existence 


of other similar minds in his friends and 
acquaintances, rests only upon inference. 
Their acts and speech, and general similarity 
to himself, force him to that conclusion. 
When he considers creatures of other kinds 
the same inference follows the same obser- 
vation ; the behaviour of his dog at a pleasing 
or a disappointing event recalls in many ways 
that of his child under similar circumstances, 
and presumably betokens the same joy or 
sorrow. Perhaps he reads a similar mental 
life, albeit at a lower level, into frogs and 
fishes, and even invertebrate animals. That 
is the tendency. But let us be on our guard. 
To read a consciousness like our own into 
a creature so elementary as an amoeba 
simply because it shrinks at a harmful 
stimulus is intellectually dangerous ; to 
read a mind like our own into so differently 
organized a creature as an insect, or a 
mollusc, is dangerous, too. They may have 
minds, but as different from our minds 
as their fc>odies are from our bodies. In the 
past the study of the lower creatures has too 
often been complicated and impeded by 
such insidious temptations. 

Presently we shall study in some detail a 
little living automaton called the slipper 
animalcule. It is one of the protozoa. Can 
such a creature be said really to feel ? 
We do not know ; that depends on whether 
it has a conscious mind. But external 
influences, such as warmth of the water, 
or chemical substances dissolved therein, 
can act upon the creature and modify its 
behaviour. Does a slipper animalcule 
think ? Apparently not, since, as we shall 
see, it lives entirely in the present, and shows 
no evidence either of memory or forethought. 
But there is a certain evident adjustment of 
its acts to its circumstances. The sudden 
impact when it runs up against a hard 
obstacle is met by an avoiding reaction, but 
at the different touch of a mass of the bacteria 
upon which it feeds the animal stops and 
begins to eat. 

To review the whole range of behaving 
life wc shall find it best to consider our matter 
under three aspects. First, there is recep- 
tivity ; organisms can be influenced by 
external circumstances. This in ourselves 
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is* often (but not always) accompanied by 
sensation. Second, there is activity ; organ- 
isms swim, or run, or grow, or blush, or 
perspire, or perform any of a multitude of 
app^ently spontaneous acts. Third, there 
is correlation ; the acts arc more or less 
. accurately suited to the circumstances, and 
the whole of the machinery of this fitting 
of the one to the other, ranging from the 
simplest automatism to Mr. Everyman’s 
conscious and deliberate thought processes, 
we treat under this third head. 

It will make the matter plainer if we take 
these heads one by one, and see how in each 
case the first organized beginnings lead up 
to the state of affairs found in ourselves. 

§ 2 

Receptivity 

The frog is so constructed that its brain 
and spinal-cord can be destroyed with a 
needle in less time than it takes to hang or 
electrocute a man. For this reason, besides 
its commonness and general availability, 
it is one of the most-used laboratory animals. 

Suppose that we have a frog which has been 
“ pithed ” in this way — the brain and mind 
destroyed, the heart, abdominal organs and 
so forth still living — and that we remove 
from it the calf-muscle with its attached 
nerve (Fig. 39). They lie limply on the 
experimental table. The muscle is pink 
and spindle-shaped and about an inch long. 
Before its removal it was firmly attached at 
its upper end to the bones at the knee, while 
below it tapered away into a glistening ten- 
don — a tough, flat ribbon of tissue which 
ran round Qie heel to the sole of the foot. 
Most of the tendon and a fragment of bone 
from the knee have been taken out with the 
muscle. The nerve is a white, slender, living 
string, and an inch or so of it is still attached 
to the muscle. f 

These organs can retain their vitality for 
hours if they are properly tended. They 
arc kept reasonably cool, and moistened from 
time to time with a little of a properly 
mixed salt-solution. 

If we pinch the muscle or press on it, it 
will suddenly quiver and shorten ; the 
same effect may be produced by giving it 
a weak electric shock, or by adding a drop 
of an appropriate chemical solution. In 
biological language, the muscle is said to be 
. “ irritable ” or “ excitable,” and the pinch 
or electric shock or chemical agent by which 
we can make it move is called a “ stimulus.” 
A fraction of a second after the stimulus 
the contraction passes off and the muscle 
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Ues limp as before, so that we ran _ 
the experiment again and again. 

The nerve also is irritable, but its art;, •, 
manifests itself in another way It, ! 
in the organism is not to contract but 
conduct. So, when we pinch it or oihrrwL^ 
sumulate it at any pomt, it shows no outward 
sign of change, but the muscle to which it i 
attached abruptiy shortens, as if in respomr 
to direct stimulation. Our experiment 
simply sent impulses flying along the nerve 
from the point we stimulated, and those 
impulses, reaching the muscle, stimulated 
it in its turn to activity. 

The impulses in the nerve arc invisible 
but they can be detected electrically, if 
we connect to some part of the nerve a 
delicate apparatus for recording very slight 
electric currents, and then stimulate anol^r 
part of the nerve, we should see a little 
tremor of the recording-apparatus a fraction 
of a second after the stimulus, as the impulses 
flashed by on their way down the nerve. 

Here we have a very simple demonstration 
of irritability, which is one of the most 
fundamental properties of living substance ; 
and if it has been set forth in a manner 
somewhat recalling the elementary class- 
room, the triplex author pleads the import- 
ance of the phenomenon as his excuse. 
Irritability is a universal property of proto- 
plasm, and without it there would be no 
sensation, no consciousness, no nervous 
activity. The whole harmony of the body, 
the whole of the matter with which this 
Book is concerned, depends upon it. 

The rich variety of sense-organs with which 
our bodies are provided have already been 
reviewed in Book i, Chap. 3, § 5- We saw a’ 
very considerable diversity of structure and 
working. The man in the street speaks 
of the evidence of his five senses ; to the 
biologist this is undue modesty, for in actual 
fact (allowing for the different kinds of 
skin sense, internal sense, and so on) he can 
give a list of about twenty. We watch the 
isolated muscle as it twitches at our bidding 
on the table before us ; at first sight the 
relatedness of the two processes, its twitching 
and our watching, is not apparent. But 
related they are. The working of a sense- 
organ is no more than a refinement and a 
specialization of the irritability of an isolated 
muscle or nerve. 

Consider what we have already learnt 
The frog’s muscle can be stimulated by a 
pinch or a light jolt. In our bodies there 
arc various iJ^ds of cells (or pwts of cells) 
which specialize in extra saisii>iHty to such 
mechanical stimulation. Wr^pp^ round 
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ihat enclos^ the root of a hair, light than the rest ; and the animal shows 
,iic one of the most delicate the curious reaction that whenever the 
.iich. Grouped at the openings illumination of this delicate front end is 
licircular canals into the mam suddenly brightened it abruptly reverses 
,c inner ear, they tell us how our its direction and 
Kiving. Arranged in a row along swims backward ^ 
chambers of 9 ie cochlea, they for a short dis- 
) hear and to distinguish notes of tance, then twists 
tch (Figs. 45-46) . The essential round a little so 
the response is in all cases the that its front end 
its meaning to the organism points a new 
,n the situation of the touch- way, then goes 
gans, on the special construction forward again, 
s where they are placed. In the This behaviour 
olution this fundamental property has a definite 
ical irritability has been seized value. If we 
urned to a variety of uses. put a number of 

i the idea plainer, let us take Stentor into a 
ample ; let us watch Nature at glass dish, fairly 
race stage by stage how out of a brightly illumin- 
irritability she builds that marvel ated, but with a 

engineering, the human eye patch of shadow Stents, another 

n be shown to have a direct in it, the animals 
action on undifferentiated proto- will be found in 
beam of intense light focused a little time to . * ’ 

md of an Amoeba causes, first a have collected in It can anchor itself to a fragment 

action of the stimulated region, the shade. If about in the water. {Photo by 
movements of the other parts, now we watch H. Bastin.) 

to the animal’s crawling out of our them through a 

al limelight. Very strong light microscope as they swim about, we shall 
ooded on to the whole animal see that every now and then one of them 
ontract and draw itself together gets to the edge of the shadow ; but as 
inded blob, and may paralyse soon as its sensitive pole feels the bright 
kill it. From such crude light- direct light of the sun, the animal gives its 
IS this we start our story. “ avoiding reaction,” backing abruptly and 

changing direction, and thus keeps 
in the shade. Moreover, when it is 
outside, in a bright light, the animal 
only swims straight when its front 
end lies in its own shadow, i.e. when 
it has its back to the light ; if it is 
pointing in any other direction it 
twists about (apparently at random) 
until this position is achieved. This 
reaction will evidently guide it auto- 
matically out of open sunlit waters 
to shady comers. 

An opposite reaction to light is 
shown by those protozoa which have 
simple plants living symbiotically 
i inside them (Fig. 1 1 7). The common 
The microscopic, shapeless, fluid body of slipper animalcule, Paramecium cauda- 


one of the most delicate 
of Grouped at the openings 


7 semicircular canals into the mam 
^ Z of the inner ear, they tell us how our 
ving. Arranged in a row along 



r 1 are moving. Arrangca m a row axong 
^ tolral chambers of the cochlea, they 
us to hear and to distinguish notes of 
Serent' pitch (Figs. 45-46); The essential 

ature of the response is in all cases the 
”nie* but its meaning to the organism 
, ’els on the situation of the touch- 
lisitive organs, on the special construction 
of the parts where they are placed. In the 
course of evolution this fundamental property 
of mechanical irritability has been seized 
upon and turned to a variety of uses. 

To make the idea plainer, let us take 
mother example ; let us watch Nature at 
kvork and trace stage by stage how out of a 
generalized irritability she builds that marvel 
)f organic engineering, the human eye. 

Light can be shown to have a direct 
itiraulating action on undifferentiated proto- 
plasm. A beam of intense light focused 
)n to one end of an Amoeba causes, first a 
ocal contraction of the stimulated region, 
ind then movements of the other parts, 
A'hich lead to the animal’s crawling out of our 
experimental limelight. Very strong light 
ydcnly flooded on to the whole animal 
makes it contract and draw itself together 
into a rounded blob, and may paralyse 
and even kill it. From such crude light- 
sensitivity as this wc start our story. 


Fig. 282. Stentor, another 
protozoan which is sensitive 
to light. 

It can anchor itself to a fragment 
of pond-weed, as shown, or swim 
about in the water. {Photo by 
H. Bastin.) 



which, although it has no special sight-organs, 
shows a primitive sensibility to light, 

{Photo by H. Bastin.) 

The second step is found in other protozoa, injui 
pi of the body is speciMly irritable, bursa 

^ ^ 6he ciliate Stentor, for ware 

is considerably more sensitive to the 1 


gans, turn, a creature found in stagnant 
pools containing decaying leaves and 
the like, neither seeks nor avoids light 
unless it be so very intense as to be 
injurious. But its close relative Paramecium 
bursaria, which contains algae, swims to- 
wards the light and therefore collects near 
the surface of the water, where its green 
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.partners can build up starch and sugar most sccinff it— vt , 
eSectively. the 

In many protozoa there are ^ 
structures call^ eye^ix)P— usually red in 
colour— and it would appear that they arc 
involved in some way in the animal’s 
responses to light. But just how they act 
has not yet been made clear. 

In these simple creatures, then, we get 
something we may call a light-sense ; but 


our 


’'’Sandti;: 


eyelidsi 



Fig. 283. Three simple kinds of eye^ as described in 
the text. 

(E) Cells of skin. {S) Cells sensitive tn light. {P) Cells full of 
black pigment. {N) Nerve fibres. (G) Glassy substance exuded by 
the cells. (C) Cuticle. {L) Lens. 


it is not one that can be legitimately des- 
cribed as sight. It does not involve any 
sort of image-formation whatever. The 
animals are by our standards blind. They 
are unable to see other objects. They simply 
behave in a certain fashion when they are 
illuminated to a certain degree of brightness. 
If these single-celled bodies can be said to 
feel at all then, they feel light as a sensation 
more like our own somewhat vague per- 
ception of the warmth of a fire than our 
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I hey do not look at thmtre , ^ — » 
they look for things ; they^simn'lv* **** 
to the degree of illumination. l„ 

Stentor finds a shady corner, wliiie 
meaum bursana comes out into the li^ht 
To see in the proper sense of the lord 
to focus and form images of distant obient 
demands a more complicated 
than can possibly be fitted intn ] 
protozoan body. ^ ^ 

Among many-celled creatures 
there are a number which show. 

hght-sense no higher than thal 
of protozoa. Earthworms are sensi 
tive to a bright light and crawl awai 
from It, but you can dissect ai 
earthworm as minutely as you will, 
and find no trace of eyes. Thi 
organs responsible are single iso- 
lated cells of a rather curious kind 
which lie scattered about all over 
the skin, in among the other cclli 
of the epidermis. Similar diffusely 
sprinkled light-sensitive cells ar 
known in a great number of lorms 
Tadpoles apparently feel light ovci 
their whole skins ; if after a tadpok 
has been blinded it is put in th( 
dark and then suddenly illuminated, 
it begins to swim actively about 
which shows that the light must a 
as a stimulus on its skin. Th( 
lancelet has light-feeling cells in 
curious place — buried in the nenoii 
substance of its spinal cord ; be 
cause of its thinness and translucence| 
the whole of its anatomy is illiimin- 
ated, and a light-cell inside is pretty 
nearly as useful as one on the skin 
In these cases, of course, wc a 
no more justified in speaking ol sight 
than we are in the case of the pro 
lozoa. It is doubtful if we may even 
speak of feeling. The earthworm 
lies out of its burrow before dawm. 
feeding on dead leaves and tlie like 
as the sun rises and shines on it, it retreats 
into its burrow. That is about all its ligh' 
cells can do for it. It does not see the ear y 
bird approaching ; but with reasonable 
luck (and with its great sensitivity to even 
the slightest jarring of the earth, as stand-b^j' 
its light-sense will guide it to safety as 
enemy begins to stir. 

The next great step in the evolution 
sight is *^e collection of the scattered sign 
cells together into primitive eyes. 




RUDIMENTS OF BEHAVIOUR 


!,«««! three types, such as are found in a 
of invertebrate animals. In 
dra«tnf? the skin of the animal ' is 
f.A to be cut across and magnified ; 
lUfconspi'uou® palisade of celk being the 
pWrmis, separating the rest of the animal 
h ow from the outer world above. The 
me-cells are gathered together into patches, 
at their inner ends they send nerve-fibres 
JovNTi to a brain. In the uppermost eye 
the sensitive bit of skin (which is thicker than 
rest) bulges slightly outwards, and there 
is a copious deposit of black pigment 
'shown stippled) between the cells. In 
pffpct, this pigment forms a black tube round 
each 'sensitive cell, so that the latter 
j. only strongly excited by light that 
falls upon It in the direction in 
\shich it points. So in this very 
simple kind of eye there is a sort of 
crude image formation. The crea- 
ture distinguishes when there is 
something pale or luminous in one 
direction and something dark in 
another, and is perhaps aroused 
bv conspicuously moving objects — 
although this sort of vision must be 
at the best hazy and without definite 
outlines. Such eyes as this arc 
found in a number of worms and 
. other lowly organized invertebrates. 

Thev are, of course, very small, and 
.appear simply as little specks of 
colour on the head, horns or other 
p<arts of their possessors. 

The eyes in the middle and lower 
p<art of our figure show a different 
tendency ; here the sensitive sur- 
bce is curved inwards instead of 
outwards. But pigment between 
the cells serves the same purpose as 
lormerly. Here, however, we note 
die first rudiments of an addi- 


cations, is found in other members of the 
groups just named, and in molluscs and the 
arthropod Peripatus (Fig. 84). 

In these three kinds of sense-organ, 
primitive and inefficient though they be, 
wc can discern the two fundamental features 
of true eye-construction. The first is the 
presence of protopllism which is specially 
sensitive to light.^ This localization first 
appeared in our account with Stentor, and 
we trace it through the light-feeling cells 
of earthworms to these elementary eyes. 
The second is the grouping of a number of 
these cells into a working unit ; and it is 
this which makes true seeing possible. Each 



F/g. 284. A further stage in the evolution of the camera 
eye (see text). 

The parts are lettered to correspond with those in Fig. 283, 


lional refinement — a device for 

mneentrating and perhaps focusing light, 
hi the middle eye the elementary retina 
lias been dimpled in to form a definite cup, 
and inside the cup there is a special glassy 
substance secreted by the cells themselves, 
fills state of affairs is found in many jelly- 
kshes, star-fishes, and worms. The eyes of 
^ limpet are of this kind, but those of its 
more familiar relative, the snail, are more 
complicated. In the eye at the bottom 
01 our figure the retina is less markedly curved, 
W here part of the cuticle (a thin, hard, 
lansparent layer of secretion that covers the 
lody ia jnQg|. invertebrates) is thickened to 
oiTxi a primitive kind of lens. This last 
derangement, with various minor compli- 


cell corresponds to a particular direction 
from which light-rays may come. It corre- 
sponds, so to speak, to a sector of the environ- 
ment. So between them, taken together, 
the cells form a spatial image. Not until 
such an arrangement as this had been 
evolved could the shapes and movements 

1 Our own retinal cells arc not directly stimulated 
by light, but by a chemical substance produced when 
light falls on the retina (Fig. 47). How far this is 
general is not yet clear, for the discovery is a recent 
one, but in the diffuse light-cells of a sea-squirt (which 
are like those of earthworms discussed above) it hw 
been shown that stimulation has also a chemical basis. 
Whether this is also true of protozoa and of the 
light sensitivity of undifferentiated protoplasm is not 
yet known. 
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of dutant objects be pcrc-ived , J 
in^encc an animal’s bd,;,vi™,. 

T^ercweWthcessnuiarrf., 
cvoluuon from mere liciu irrlt;i,- ■ 
to sight To attam to th,- , ^ 

of a bird or a higher mammal is on^? 
a matter of perfection of di tail w'' 
can note some of the m ‘ ^ 

aldtough it wodd,no!\:rna 
while to go into all the mi„u,i/’l 

cated by the fact that the invcntloj 
and gradual elaboration of the e 
have gone on independently in , 
number of groups, sometimes alom 
parallel lines and sometimes ii 
strikingly different ways. 

From the hollow kind of eye showi 
in the middle and at the bottom ii 
Fig. 283, we can lead up to eyes lib 
our own. ^ First the sensitive dirnph 
of skin pinches itself off altogethci 
from the rest and comes to lie a liitlf, 
way below the body surhicc in the 
shape of a hollow ball. Then the 
optical apparatus is improved and 
extended. In some molluscs and 
worms this is done by specializing 
part of the glassy substance inside ihel 
eyeball as a more or less sphericaj 
lens ; in this case only the deep half 
of the eyeball is sensitive to light, 
the side lying against the skin, andj 
the skin itself, being transparent to 
admit as much light as possible.] 
Fig. 284 shows an eye of this kind, 
In other cases, such as the third e\e| 
in the middle of the forehead with! 
which our reptilian ancestors were 
provided, the outer wall of the eye- 
ball itself forms a lens. Or the lens 
may be made out of the skin over the 
eyeball; this is what happens in 
ourselves and in a number ol the 
higher molluscs. 

Thus the retina and the lens arise, 
Similarly, we can trace hirther, 
elaborations — the cornea and iris, the| 
appearance of muscles to focus thCj 
on objects at various distances, 


eye 


Figs. 285, 286, 287. n three 
of the camera eye. 

The eyes of birds of pr^ are remarkable for dfor 

vision at a distance. Those of monkeys an 
are unique in having a yellow spot 0 
retina ; also th^ are placed side by to 
of s&imscopic vision. {Photos by If \ 
fltose of octopuses and cuttle-Jish, ^ 
independently evolved^ show 
the ^s ofmtebraUs. {Plwto ly^^- b. 
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j„ ,i lefmemcnt <if the structurfc of 
,'^f culmii^ihg' in the yeUow 

’’’Vof 

V, til >1 a parallel evolution has taken 
in those highly oreanized 
Pluses, the- octopuses and cuttle- 
Vlattce at Figs. 288 and 47 
*i hhovv lK>w closely the cephalopod 
with ic's and cornea, ins and 
tasing-tnttscles, resembles our own. 

Where else among the mverte- 
hrates has such perfection of detail 
evolvccl-at least not in an eye 

of this kind. 

But there is another, very differ- 
ent direction in which the eye has 
evolved. We may call the type 
which culminates in octopus, vul- 
luif, and man the camera eye. 

But the primitive convex type 
shown at the top in Fig. 283 con- 
tains other possibilities which are 
north tracing as they develop stage 
In stage. 

As wc noted earlier (Fig. 90), there are 
marine worms which live in tubes they build 
out ,,1'sand or fine gravel, spreading a crown 
ol feathery tentacles to catch minute particles 


but It shows an improvement in that each 
of the sensitive cells is provided with a 
toy light-concentrating lens of its own. 
Each is in fact a miniature unit 


t eye. 


own. 
Because 



imiD LENS CORNEA 


IRIS FOCUSING 
I MUSCLES 



.retina 


pigment ’ 1 AYER 


288, The eye of a cuttlefish cut across^ for com 
Pariion with the human eye shown in Fig. 47> 

Many of these worms have simple 
Fi^ T tentacles, and 

these eyes cut across. 

^ the uppermost eye Fig. 283, 


Fig. 289. An early stage in the evolution of the compound 
eye — the eye of the tube-worm lettered to correspond with 
Fig. 283. 

of their convex grouping each of the eye- 
cells looks out in a slightly different direction 
from the others, and between them they 
build up a kind of mosaic picture of the 
surrounding world. Each by itself is 
unable to make an image, since it 
has only a single nerve-fibre ; it 
simply telegraphs to the brain : “I 
am receiving light ” ; “I arfi not 
receiving light,” with additional 
comments, perhaps, on the intensity 
and colour. The image synthesized 
in the brain is a mosaic of all these 
separate units of information, much 
as a weather-chart is built up from 
the reports of local meteorological 
stations. 

This is how we may suppose the eye 
of the tube- worm to act. But, oddly 
enough, there is no direct evidence 
that the creature forms images in this 
way. So far as we know it only 
shows one kind of reaction to light, 
and that is a very simple one. 
Whenever the light falling upon the 
worm is suddenly dimmed, it flicks 
back with lightning speed into its 
tube. A passing shadow will do it. 
The value of this “shading re- 
action ” to the organism is too plain 
to need stressing ; one has only to 
think of a fish browsing over the 
sea-bottom in search of attractive morsels 
to snap up. Moreover, the reaction is 
obviously a very simple one — as simple as 
the avoiding reaction ^en by Stentor 
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when suddenly illuminated. Similar 
reactions to a passing shadow are seen in a 
great number of sluggish and sessile shore- 
creatures. While these worms snap back 
into their tubes almost too fast to see, 
barnacles close their shells abruptly ; many 
sea-squirts contract up into gelatinous blobs ; 
burrowing bivalves withdraw their soft, 
protruding siphons into the sand. Sea- 
urchins cannot withdraw into safety ; in 
some of them, however, sudden shading 
causes them to bristle up their spines, and 
if the shading is only partial the spines turn 
towards the shaded spot. Thus, as our 
browsing fish prowls along with his tell-tale 
shadow sliding beneath him, the inverte- 
brate world hides or arms itself at his 
approach. 

Many of these creatures are eyeless ; and 
whether the comparatively well-formed eyes 
of a tube-worm are really used only for this 
purpose, or whether they provide the owner 
with a further crude visual power that has 
not yet been detected, we cannot say. But 
we must return to our evolutionary 
story. 

Eyes like this one that we have been 
describing, but with various extra compli- 
cations, are found in one or two bivalve 
molluscs, where presumably they have been 
independently evolved. But the type reaches 
its highest development in the astonishing 
compound eyes of arthropods. If magnified 
some eight or ten times, the head of a 
dragon-fly shows most of its surface covered 
with an enormous pair of faceted eyes — 
each eye a multitude of crowded eyelets, 
each eyelet a somewhat more complicated 
version of the single eyelets seen in the 
tube -worm. 

Thus, stage by stage, and in various 
directions, the eye has evolved ; thus a 
primitive vague awareness of light has been 
elaborated and refined into sight as wc 
know it. We could trace other stories like 
this one ; for in the same sort of way the 
sensibility of the lowest animals to warmth 
or cold, to a touch or a jar, to various 
chemical substances has been specialized in 
higher creatures to serve a multitude of 
puiposes. By insensible degrees wc pass from 
a primary sort of receptivity that is like the 
purely mechanical irritability of an electric 
bell-push, to a discriminating reaction that 
is indistinguishable from our own seeing. 
Vitalists like Bergson have made a tremen- 
dous difficulty about the evolution of the 
eye, declaring it is too complicated a process 
for unassisted natural selection. But is it 
after all so inexplicable ? 
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§ 3 

Bf^me 

As every reader knows, Mr. i:vervni,„' 
movements are brought about by 
Of these he has several kinds. 
the “voluntary mmete,” by means 'of 
which he performs deliberate nioveraents • 
there are the “ involuntary muscles ” in h - 
intestines, heart, and so forth, that behave 
independently of his will. These two kinds 
of muscles can be distinguished by their 
microscopic structure and by their physio- 
logical properties. The involuntary muLlc^ 
only come into action at the call of impulses 
from the central nervous system, but when 
they do so they contract with great prompt!- 
tude and vigour. The involuntary muscles 
arc independently active, but they work moie 
slowly and feebly. But the line between 
the two is by no means sharp. Heart 
muscle combines many of the features of 
such muscle as that found in the walls of 
the stomach with others of the voluntary 
muscles. Muscle from that strange almost 
molluscan organ, the tongue, is in some 
ways intermediate between other voluntary 
muscle and heart muscle. When we tale 
other animals into account, the number of 
kinds of muscle becomes very great indeed, 
Now, just as the responsiveness of our 
sense-organs is no more than a specialization 
of protoplasmic irritability, so the shortenint’ 
and relaxation of our muscles is no more 
than a specialization of a general power 
which living substance has of changing its 
shape. We have already dealt with the 
slow, flowing movements of Amoeba, w’hich 
can bulge out its shapeless body into a 
protruding lobe in whatever direction it | 
pleases. Related to this, it would seem, 
are the restless, flowing movements of other 
cells— such, for example, as the endless 
circulation of the protoplasm of many pmn^ 
cells round the tiny boxes of cellulose m 
which they are imprisoned (page 155)' ^ 

recent years Pantin has shown, at Plymout , 
that the movements of an Amoeba have man\ 
properties in common with the movemen s 
of a muscle-cell ; the two are similar m t eii 
relation to oxygen-lack, to temperature, an 
to a great number of chemical 
In brief, a muscle-fibre is a cell specialize 
such a way that this primitive contrac , 
of living material is made vigorous 
efficient. *.5 

In another direction, we can trace a 
of intermediate . stages in one 
another, leading from the flowing, 
lobes of Amoeba to the deUcate vibraunfc 
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, «,nts cali> cl cUia or flag^-found, for 
p in many protozoa, in spermatozoa, 
^Tn various other kinds of animal and 
7 /cells. Here, again, a recent piece of 
k by Gray, at Cambridge, has shown 
. rfiii have the same fundamental 
^ Hianism as muscle. 

’“gut movement is not the only way in which 
animal can respond to environment. 
IJ- Everyman may change colour at a sudden 
urprise ; he may even break out into a cold 
His colour change is, of course, a 
hance in the amount of blood in his 
kin, and is really only a disguised kind of 
nuscular movement, for it depends on the 
ontractility of muscles or muscle-like 
jements in the walls of his blood-vessels, 
iui perspiration depends on glands, not 
[lusclcs. Similarly, if something has delayed 
js meal, his mouth may water at the sound 
fa dinner-gong from a neighbouring house, 
lere, also, he responds to the stimulus by 
;cretioii. We, ourselves, like most vene- 
rates, are predominantly muscular animals, 
nd glands play a comparatively small part 
] our behaviour. For clear examples -we 
lusl turn elsewhere. If you take a newt 
m of water and handle it, it will exude a 
leaf, slimy secretion over its whole skin to 
rake itself slippery and help in wriggling 
rat of your hand. If you treat it too roughly 
ffhold it too long it will exude another kind 
)f fluid -less transparent and less oily to the 
oufli, but containing an irritating poison, 
ilad) who tried the experiment of gently 
itiiig the tail of the crested newt — the larger 
the two common English newts — reported 
bitter, astringent taste, irritation of the 
Hint, a strong flow of foamy saliva, 
•deni automatic movement: of the muscles 
die mouth, and a headache that lasted for 
\'eral haul's. 

Mcuiy other amphibians show a similar 
)^er of responsive exudation ; indeed, 
c higldy glandular skin is as distinctive 
‘iitiphibians as is the scaly skin of reptiles, 
e lairy skin of mammals, or the feathered 
111 of birds. The poison glands cluster 
y t ickly in the warts with which the 
' ^0 a toad is beset ; and anybody who 
^ ^ mouth 

fliei/ advantage. 

if>t , ourselves results in symptoms 

I unhke ihe early stages of a cold in the 

Colombian 

noi, . ’ tinciorius, has so veno- 

Indians use it for 
their arrows ; one frog held over a 
seldom 


^isoning i 

'ichinH seldom exceeds an 

Italf in length) pours out enough 


for fifty a^ow-hcads. In this case the poison 
acts chiefly on the nervous system. Snails 
provide a well-known example of defensive 
secretion ; everybody knows how an irritated 
snail will retire into its shell and exude 
a quantity of frothy slime. 

We have already said something of the 
gas-bladder of fishes (Book 5, Chap. 4, 
§5, and Book 6, Chap. 2, § 2). Apparently 
fishes have the power, by means of a special 
gland, of secreting gas into the bladder and 
so regulating their density according to the 
depth at which they are swimming. 

A special kind of secretion is the formation 
of luminous substances — a property which 
is surprisingly widespread in the animal 
kingdom. As anybody knows who has taken 
a row-boat or a canoe on the sea on a summer 
night, the surface waters abound in tiny 
organisms which give out flashes of white 
or greenish light when they are alarmed ; 
the sea seems to light up at every stroke of 
the paddle. In a number of nocturnal 
animals light-producing organs are used 
to attract the notice of the other sex. In 
fire-flies the various species have character- 
istic rhythms which they flash out as they 
fly, much as grasshoppers have distinctive 
rhythms in their chirping. 

Sometimes the light-producing organs 
are simple glands, no more complicated 
than the skin glands of newts and toads ; 
but in other cases (such as deep-sea fish) 
there may be elaborate accessories — reflectors 
behind, and even lenses in front, so that the 
light shines out in a definite beam. 

Clearly, the variety and degrees of organ- 
ization of different kinds of responsive tissue 
are considerable. In what follows we shall 
need a word to cover all these various 
responsive tissues and structures — muscles, 
cilia, glands, and the other organs that we 
are about to discuss. The most convenient 
word for the purpose is “ effector.” A 
muscle-fibre is one kind of effector ; a gland- 
cell is another. 

As a further kind of response, we may note 
the changes of colour of chameleons, frogs, 
and flat-&h and the even swifter changes 
of octopuses and their relatives (Fig. 87). 
In the latter case the colour-change is really 
only a kind of muscular movement. If you 
look carefully at the skin of a living octopus 
in an aquarium, you will see that the pigment 
is not diffused uniformly but gathered into 
definite specks. These specks can expand 
or shrink, and thus darkening or paling of 
the whole skin is brought about. Each 
speck is really a tiny elastic bag containing 
pigment, and it is attached to a number of 

671 



BOOK 8 


THE SCIENCE OF tiEE 


chapter 


muscle fibres which radiate away from it 
through the skin. When the muscle-fibres 
contract they pull on the bag from, all sides 
and it expands ; when they relax it shrinks 
again because of its elasticity. 

But the colour-changes of other creatures 
are less prompt and vigorous, and due to 
effectors of a different kind. Here the pig- 
ment-cells are branched, radiating structures, 
and the pigment inside them can either 
spread through the whole cell (producing 
darkening of the skin), or collect into a tight 
little speck in the middle (producing pale- 
ness). Recent experimental work suggests 
that these cells are modified contractile cells, 
and fit into the movement-producing group 
that we discussed above. 

But perhaps the strangest effector of all 
is seen in certain fish, which can give electric 
shocks to any other animals that happen 
to come into their immediate neighbourhood. 
Many of the common skates and rays have 
living batteries at the roots of their tails ; 
if you grasp them at that point they can give 
you a shock of about a volt, or about half 
the voltage of an ordinary pocket flash-lamp 
battery. In the aquarium at Monaco 
you can, for a small fee, make the experiment 
of touching the Mediterranean electric ray, 
Torpedo marmorata^ which has stronger bat- 
teries at the sides of its body. If it is feeling 
vigorous, and if you have not had too many 
predecessors, it will give you some twenty 
or thirty volts. One or two other kinds of 
electric fish can do better than this. Strongest 
of all is the electric eel, a fresh- water fish 
from South America. This animal, which 
may be five feet long, has a powerful battery 
running the whole length of its body, and 
accounting for more than a third of its weight ; 
it can give you a shock even if you handle it 
in a surgeon’s rubber gloves, its potential 
reaching several hundred volts (more than 
the voltage of domestic electric light). 
Frogs and little fish can be electrocuted at 
once by the electric eel. 

In most cases at least, these electric organs 
are modified muscles. The normal activity 
of a muscle is accompaniecj by slight, inci- 
dental electric changes ; and in the electric 
fishes. Nature has seized upon this fact and 
modified the muscle-cells until their power 
of shortening is lost altogether, while the 
electric currents they produce arc intensified. 
Each of these modified muscle-fibres has 
the shape of a thin plate of tissue and an 
electric organ consists of a great number 
of these plates, put together like a pile of 
pennies, with their separate electrical effects 
summing up, just as ordinary dry-cells 
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SJTO up if thtjr are connected in „ 

The electnc cel ba$ about seven m 
of these living electric cells in series 
another on each side of its bodv all , “Si 
to work at the bidding of the central ne^^l 
system. 

These electric organs afford one of 
best examples of parallel evolution, for th d 
have been evolved independentlv in several 
groups of fishes, now as a modification of on^ 
muscle and now of another. In the eleciri 
eel and in the common skates and ravs 
part of the column of muscle that runs alone! 
the whole trunk and tail, and performs thi 
swimming movements, has been convertec 
to this new use. In the electric ray^, oj 
“ torpedoes,” a muscle that generally ’m 
close to the skin and wraps round the gili 
region has been “ electrified,” and lies as J 
large, white cake-like body on each sidd 
of the fish. In a recently discovered electnd 
fish, Astroscopus, which is related to thd 
perch and stickleback, the battery lies jus3 
behind the eye, in a cavity that pouches off] 
from the orbit. Also — oddly enough—it i 
supplied by a branch from one of the nerve 
to the muscles which move the eyeball; 
so it looks as if the battery itself is a special- 
ized part of one of the muscles that roll the 
eyes. 

But the strangest case of all is found in the 
electric cat-fish, Malapterurus^ from Africar 
rivers. Here the batteries lie actually in 
the skin and form a blanket round most of the 
body. Moreover, they are supplied by two 
nerve-fibres only, one on either side of the 
animal. In this case, the organ is apparently 
not a modified muscle at all, but a modi- 
fication of the glands of the skin. It has 
been shown that in ordinary glands (such 
as the salivary glands), activity is accom- 
panied, as in muscles, by slight electrical 
changes. So Nature can make her living 
batteries from two quite different kinds ol 
raw material. 

§ 4 

Correlation : the Origins of the 
Nervous System 

As we ascend the scale of life we 
a more and more elaborate co-ordmationj 
of receptivity and response. 

As we explained in Book i , a nerve is 
sort of living telephone wire, and the centr 
nervous mass made up of brain and spn^ 
cord is like a telephone exchange. 
messages flash up from the sense-organs ai^ 
nerves, ^^'lind, ^o along nerves, outw 
messages flash down to muscles, 
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, 50 on In the central nervous mass 
sensory messages are weighed and 
f” grated ; decisions arc made ; appro- 
priate commands are dispatched that result 

simplest living creatures hpe 
none of tiiese organs. How, in them, is action 
suited to sensation? Can wfc discern the 
rudiments in an Amoeba of our own nervous 
activity, as we have already discerned the 
rudiments of our sensibility and muscular 

movements ? 

The whole surface of an Amoeba’s body, 
wc noticed, is equally sensitive to various 
stimuli such as heat, strong light, harmful 
chemicals, or the neighbourhood of food. 

The whole surface is contractile, and every 
part can be protruded as a temporary limb, 
or can form an improvised mouth or anus. 
Similarly its whole body can conduct 
impulses from a stimulated spot to other 
parts at the rate of a small fraction of an 
inch per second. This slow, sluggish com- 
munication between part and part is the 
primitive type of co-ordination from which 
the vastly more rapid and efficient con- 
duction along our own nerve-fibres has been 
evolved. It is, like irritability or contract- 
ility, a fundamental property of protoplasm. 
Just as the one property has been refined 
. and specialized in a sense-cell and the other 


in a muscle-cell, so a nerve-cell is simply a 
cell which is pulled out into a long, thin 
ibead running from one part of the body 
to another, and in which this primitive 
protoplasmic property of transmission of 
impulses is picked out and made into the 
primary function. 

Amoeba, then, has all three of the funda- 
mental elements of behaviour — the reception 

stimuli, the transmission or conduction 
of impulses, and the final action of an effector 
organ, but all are indiscriminately blended, 
diffused through the whole body. There 
beks the definition of special parts, and since 
any bit of an Amoeba’s body may be now a 
sense-organ, now a nerve, now a muscle, 

’ manifests that general 

'*!, cicncy that one expects from a jack-of- 
all-trades. 


fher protozoa possess a permanent form, 
and permanent effectors such as cilia or 
gella. Much of their behaviour is deter- 
ined by this structure, for they move with 
forwards, and in particular ways, 

I ^ } V or slowly, smoothly or in jerks, in 
‘ ^^ght lines or spirals, as determined by 
of their cilisf. A number 
'd so sense-organs or the beginnings of 
As wc have seen, there may 
Xx 


be a zone round the mouth or at the front 
end which is more sensitive than the rest 
ot the body, and quite frequently there arc 
such special organs as eye-spots. 

Finally, in some of those highly organized 
protozoa, the Infusoria (page 17a), there 
are special nerve-like organs, in the form 
of fibrils which radiate away from the 
sensitive parts and co-ordinate the move- 
ments of the cilia all over the body. In one 
or two cases there is even a central mass of 
this substance, acting perhaps like a very 
simple brain, to which the sensory portions 
of the system run in, from which the motor 
fibrils run out. These fibrils have apparently 
the same function as nerves, namely that 
of rapid conduction from one spot which is 
excited to another where action is carried 
out ; but, of course, they are of quite a differ- 
ent origin from real nerves, being all 
differentiated inside a single cell, while each 
of our millions of nerve-fibres is an outgrowth 
from a whole cell. Thus in this respect 
as in so much else the protozoa, within their 
minute and single-celled bodies, have anti- 
cipated many of the inventions made later 
and independently by many-cclled animals. 
These devices are therefore not directly 
ancestral to ours, but interesting parallels at 
a lower level of organization. 

The bodies of the higher animals consist 
of republics of co-operating cells. In sur- 
veying the whole range of living things 
known to-day (Book 2) we noted a number 
of forms on the border-line between the 
single-celled and the many-celled — there 
are the flagellates that live in colonies, the 
simple filamentous alga; and fungi — and 
these lead up to more highly organized 
forms. During early evolution there must 
have been a transition stage when life was 
experimenting with variable success with 
such aggregations of cells. On the cellular 
level there are surprisingly highly organized 
creatures like the infusorians that we have 
just discussed ; the first many-celled aggre- 
gations were very much less individualized 
than these. A sponge is a multitude of 
cells, specialized into several co-operating 
kinds and growing as a whole into a definite 
and characteristic shape ; j^ut the cells still 
retain a very considerable degree of inde- 
pendence ; cut away a bit of a sponge, or 
pass it through a fine sieve, and it will 
reorganize itself without difficulty. A 
polyp, or a flat-worm, or a sea-squirt, 
although showing a much higher degree of 
specialization of organs and tissues, still 
retains the power of reconstitution to an 
astonishing aegrec. It would seem that its 
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parts specialize themselves, but not whole- 
heartedly, keeping a certain potential inde- 
pendence in reserve. Finally, in the most 
elaborately organized creatures the subor- 
dination of the cell-life to the life of the whole 
is well-nigh complete. 

As one would expect, the development of 
nervous communications between part and 
part shows a parallel growth from a stage 
of preliminary experimental inefficiency to 
its final elaboration. 

We have a primitive kind of communi- 
cation between cell and cell in the micro- 
scopic green spheres, each about one-fiftieth 
of an inch across, of the flagellate Volvox 
(page 404), which consist of hundreds of 
individual cells embedded in a common 
mass of jelly. Each of these cells has a pair 
of lashing flagella, but they all beat in a 
disciplined way, so that the colony travels 
with one side always in front. Here the 
cells are connected together by fine strands 
of living protoplasm, and we may guess that, 
nerve-like, these strands convey impulses 
from cell to cell, and so make possible their 
COrOperation. 

The somewhat similar flagellated cells 
of a sponge (Fig. 103) are less well dis- 
ciplined. In normal conditions each beats 
away, its stroke quite independent of that of 
its neighbours ; and when conditions are un- 
favourable it stops and draws in its flagellum. 
Through the gelatinous tissues of the sponge 
other cells crawl about like Amoebae and 
transport food from part to part. As the 
various cells multiply the sponge as a whole 
grows. The only reactions which are 
directly and rapidly adjusted to changes in 
the outer world are performed by muscle- 
like rings of specialized cells round the water- 
canals and the main mouth through which 
the current is ejected. Under unfavourable 
conditions (such as shortage of oxygen in 
the water) these contract and the water- 
system is temporarily closed. Also there is a 
crude kind of transmission in the sponge 
that foreshadows true nervous action. 
Parker has shown, working with a tube- 
shaped sponge that grows on the coral-reefs 
of Bermuda, that an injury near one of the 
great outward openings is followed after 
a little time by the closure of the latter. 
Apparently an impulse of some kind has 
crept sluggishly through the tissue from 
injury to opening — not through special 
nervous tissue, for such is lacking, but through 
the general living flesh of the sponge. To 
such primitive forerunners of nervous activity 
Parker has applied the term “ neuroid 
transmission.” 

674 


chapter 

True nervous tissue appears in the co-l i 
terates, where it is associated with sner- r 
sense-organs and with sheets and U, j 
muscle. But it is curiously prinmive'’?* ’ 
arrangement, which diffen striki„,,iv fl ^ 
that of our own nervous systemi ^ I , i 
choose a jelly-fish to typify this staJe ^ 

The body ofa jelly-fish, as is well known 

IS a tramparent jelly-like bell, fringed at 
edges with stinging tentacles. In the midai 
of the lower side of the bell is tlu^nS 
surrounded by larger tentacles and generalK 
at the end of a longer or shorter tube that 
dangles down like the handle of an umbrella ^ 

Except for feeding movements of the ten 
tacles and mouth, the jelly-fish has only one 
form of muscular activity, and that is iu 
swimming. A living specimen in an aquai. 
ium tank can be seen to beat rhythmicalK 
almost like a heart. Each beat consists of d 
simultaneous contraction of the whole bell, 
and it has the effect of jerking the animal up^ 
wards through the water. After the beat the 
bell expands again because of its elasticity : 
the contraction is brought about by a layer 1 
of muscles in the bell. 


In his admirable Science from an Easy Chau, 
Sir E. Ray Lankester describes the behaviour 
of a little fresh-water jelly-fish. First 11 
drives itself upwards through the wairr 
with a series of powerful contractions of its 
whole body ; then it rests and floats slo\^l\ 
down like a parachute. But as it descends 
it captures water-fleas and other animals with 
its tentacles. Because of its transparency, 
they do not notice the living snare that 
sinking down over them. Then it jerks 
its way up again, then floats down again, 
and so on. 


That upward jerk, a sudden convulsi\c 
contraction of the whole bell, is the main 
activity of the jelly-fish. Sometimes it beats 
rapidly and sometimes slowly. Sometimes it 
rests altogether for a while. But these 
changes of rhythm are the only variations 


It can ring on its single swimming movement. 

Spaced at equal intervals round the 
margin of the bell, are eight “marginal 
bodies,” which contain the chief sense- 
organs of the jelly-fish. Each includes 
several different structures. First there is an 


organ which resembles in its design a 
simplified version of our own inner cars and 
perhaps underlies a primitive sense of balance. 
Then, also, there may be a more or less 
elaborate eye ; and it is believed that the 
marginal bodies are sensitive to chemical 


stimulatioj^. 

The nervous system does not lie in definde 
tracts, or nerves, as ours does, but it consists 
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, lacework of nerve-fibres which 

“ des tl ;' whole bell. Round the rim 
is a i!' user ring of nerve-fibres ; that 
!"''L only "ipecial aggregation of nervous 
'! the itily-fish possesses, the only thing 
Tout it tliat even remotely suggests a brain. 
11 niaitcf of fact, it is more like a circular 
■ than a brain, for it is only a region of 
"'jolly cfHcient conduction, and, as far 
IS we can tell, performs none of the peculiar 

brain functions- 

The simplicity of this nervous system 
obviously harmonizes with the simplicity 
of the movements that the animal performs. 
We ourselves can make a thousand different 
niovcrnents at the bidding of our brains ; 
the reader has only to think of all the possible 
\^avs in which his or her wrist and fingers 
can be moved. Now these hand movements 
involve the action of thirty-nine different 
muscles, and to each muscle there 
must run a separate bundle of 
nerve-fibres from the brain so that 
It may be properly controlled — 
thirty-nine separate and distinct 
nerve-paths from brain to hand ! 

But for the one movement of the 
]elly-fish such an elaborate tele- 
phone system would be unnecessary. 

Fhe diffuse network suffices, spread 
-over the whole bell and securing 
oiiK that it beats together as a 
sinde unit. 

The nervous system of a jelly-fish 
iiiav be compared to a nightmare 
iflephone system in which there is 
nn proper exchange but only a 
langle of wires ; where the raising 
”1 one receiver would call up 
hundreds of subscribers, or indeed, if you 
5 pokc loud enough into it, every subscriber 
lu the system. 

Tlie absence of definite nervous paths 
the jelly-fish is easily demonstrated. 
It so happens that in many jelly-fishes 
including the commonest kinds) the im- 
pulses for movement emanate from the 
marginal sense-organs. If these are cut off, 
the whole animal is motionless unless it be 
uircctly stimulated, by a touch for example, 
^vhen it responds by a single contraction 
^'1 the bell. But if only seven of the eight 
marginal organs are cut off, the remaining 
'me suffices to keep the jelly-fish active ; 
|nythniical impulses radiate out from it along 
he nerve-net to the muscles, and so the 
jmrmal swimming movements are produced. 
‘ in such a jelly-fish it is possible to 
th( bell into any shape, into strips or 
spirals or other patterns, as Fig. 290 


demonstrates, and in spite of such mutilations 
me contraction still spreads rhythmically 
trom the marginal organ over the beil. 
So obviously there are no special conduction 
paths ; the nerve-net conducts perfectly 
well in all directions. 

The jelly-fish, then, presents an interesting 
stage in the growth of the apparatus of 
behaviour. It shows the three essential 
kinds of tissue. Some of its cells are special- 
ized for the detection of stimuli (some for 
light, some for chemical substances, some 
for balance, and so on) and others are 
turned to muscle-fibres. Yet other cells, 
the nerve-cclls, specialize in rapid conduction 
of messages from part to part. But this 
nervous system is astonishingly diffuse 
and decentralized, compared with our own. 

In the evolutionary passage from coelen- 
terate to higher mammal, three important 


changes have taken place. The first is 
the supersession of a diffuse, directionless, 
all-pervading network of nerve-fibres by 
definite nerves, running, as telephone wires 
run, from one point to another without side- 
branches or wayside entanglements. As 
the range of possible sensations and move- 
ments is extended, these improvements in 
the telephone system become more and more 
necessary. The main steps in this transition 
still survive in the more primitive animals, 
where an extensive nerve-net is found side 
by side with a few special nerve-paths. Even 
in highly organized creatures the prirnitive 
network may persist in one or two parts of 
the body. The wave-like creeping move- 
ments of a snail’s “ foot ” are controlled by a 
nerve-net, and so arc the writhings of Mr. 
Everyman’s intestine. But most of the 
nerve-fibres, in mollusc and man, lie in 
definite tracts or nerves. 



In these examples^ pulsations spread rhythmically from the remaining 
marginal organ {see text) over the whole bell. {After Romanes.) 

t 
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As the telephone web of the body becomes began to burn him. In something ovp 
organized in this way, a second parallel minutes he would feel the paiiu and I 
improvement is brought about in the speed brain reacted at once, the impulse to ^ l 
with which nerve-fibres will carry their him drop the cigarette would arrive ^ 
messages. fingers in another two minutes. But K 

Here we have to break away for a moment would have suffered extensive orea 
from our telephone analogy. In a telephone damage in the interim. 

. wire the electric currents travel with an Thus the telephone-cables of the 
extreme velocity from mouthpiece to receiver, become more and more efficient as 
But the “impulse” in a nerve is not an ascend in the scale of Evolution. The third 
electric current ; it is a change; that runs important advance is the development of a 
along more like a ripple on the surface of a central exchange, the central nervous system 
pond than an electric current in a wire, to which the nerves converge, where the 
The first beginnings of nervous activity are information from the various sense-organs 
by our standards impossibly slow. Even is received and collected, and whence 

harmonious impulses are sent to the 
various effectors. Only thus can 
behaviour be knitted together and 
the different parts be made to work 
as a single whole. 

To go into the details of the 
nervous system in the various 
phyla of animals would take us 
deeper into biological technicality 
than we need to plunge. A few 
points of importance may be sum- 
marized very briefly. 

In the echinoderms (Fig. 89) the 
nervous system is very de-central- 
ized ; the same may fairly be said 
of their behaviour. The main cen- 
tre, a loop of nervous tissue, runs 
round the mouth ; from this hvc 
nerve-trunks depart, one along each 
of the rays of the body. But these 
five nerves are not simple telephone- 
cables, as our nerves are : they are 
governing exchanges like our spinal 
cords. 

Each of the five arms of the star- 
fish behaves with* remarkable in- 
dependence ; the creature is in many 
wayj more like five individuals 
springing from a common centre 
in surprisingly highly-organized creatures than a single person with five fully subor- 
it may be hardly swifter. In the nerves dinated limbs. A single arm, cut away 
of a fresh-water mussel, an impulse takes two from the rest, will crawl about on its tube- 
or three seconds to travel an inch. In slugs feet and turn over again if put the wrong 
it runs forty or fifty times as quickly. In way up (Fig. 88). When a starfish is 
king-crabs the messages from the brain to thrown on its back, each arm tries to ngn 
the muscles travel at about ten feet per itself by twisting over at the tip, grippii^g 
second ; in a frog they do seventy or eighty ; the ground and pulling. When one arm 
in ourselves four hundred feet per second — gets a secure hold it sends nervous messages 
which is more than two hundred and fifty to the others, which then stop their en* 
miles per hour. deavours and stay passive, so that the ^ 

Perhaps the meaning of these facts will arm pulls the whole animal over on to 1 
be most forcibly brought home by imagining normally lower face. These nervo 
a man with the nerves of a fresh-water message^mre sent by way of the ring 
mussel. Imagine that he carelessly let his the mouth. If the ring be cut ^ 
cigarette slip between his fingers, so that it each pair of arms, there is no ‘ 
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Fig. 291. A diagram of the nervous system of a starfish. 

Five main nerves run along the arms from a central ring round the 
mouth. 
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il.cm: if the animd is upside 
^Tear h arm goes on struggUng to right 
1 they work against each other. 


simply tics itself into knots. 

a ai-n 


‘’’Moreover, as we saw in Book a, the starfish 
. „"erccl with little stalked pincers, with 
“hirh it defends itself against aggression and 
iiselfclean. But these are best studied 

iK rclaiives, the sea-urchins, where they 
in j 


are larger 


and more numerous. 


sea-urchin is a hollow, bony ball 
bristling with spines. Each spine can be 
moved about ; it has a ball-and-socket joint 
at its base, and a special set of muscles that 
^ove it. In among the roots of the spines 
is an undergrowth of little stalked pincers. 

If an enemy approaches, the spines at that 
jide of the sea-urchin turn like lances 
towards him, and the jaws below stand up, 
ready in case he should get to close quarters. 
Now none of these things are due to impulses 
from a central brain. Each spine, each 
stalked beak has a little reflex system of its 
own, and reacts independently of the others. 
Each is so constructed that it directs itself 
towards the chemical stimulus of an enemy. 

A tiny chip broken away from a living sea- 
urchin’s shell, with only a single spine 
attached to it or a single stalked beak, will 
show the same alarm and preparation. 
Most of the behaviour of the creature is 
[ due to a similar summation of the automatic 
' responses of its thousands of separately 
working parts. Any small animal touching 
the urchin is suddenly gripped by the tiny 
beaks, passed by the tube-feet and spines to 
the mouth and there eaten. Here, again, the 
parts arc working separately. Von Uexkull, 
who worked on the behaviour of sea-urchins, 
speaks of them as ‘‘ republics of reflexes.” 

But most arymals are more centralized 
than this, and with the lower worms — 
llatworms, roundworms, bandworms and 
so on— the head comes into our story. Here 
for the first time we have animals which 
regularly progress with one end always in 
front ; and as the head evolves with its 
special sense-organs and mouth, the brain 
appears and evolves with it. In these worms 
there is a simple brain in front, sending off 
two main trunks, one down each side of the 
body. 

In annelid worms ,(Book 2, Chap. 3, 
§ 4) and arthropods (Book 2, Chap. 2, 
§ t ) there is a characteristic type of nervous 
system. The brain is in two parts, one just 
tu front of the mouth and one just behind it ; 
they are connected together by thick nerves, 
the whole apparatus forms a dense 
round the ammal's gullet. From this 


a single great trunk runs away, corresponding 
to our spinal cord, but lying along the belly 
instead of the back. In these creatures, as 
we noted (page 137), the body consists 
essentially 01 a chain of more or less similar 
segments, and in each segment the nerve- 
trunk swells out to form a little Jocal brainlet, 
from which lesser nerves radiate out to the 
sense-organs, muscles and other tissues. 
The nerve-trunk of an earthworm may have 
over a hundred such subsidiary centres, one 
in each ring of its body. 

That these swellings are indeed brain-like 
in their working 
was shown by 
some very sug- 
gestive experi- 
ments by Yerkes, 
subsequen tly 
confirmed by 
Heck. A nar- 
row tube is made 
in the shape of a 
T, and earth- 
worms are put 
into the stem of 
the T so that 
they creep along 
towards the 
cross-bar above. 

When they come 
to the parting of 
the ways, they 
can go either 
right or left. 

Should they go 
right, they get a 
gentle electric 
shock from a pair 
of electrodes 
concealed in the 
wall of the tube. 

Should they go 
left, they escape 
without this 
punishment. 

Even a worm 



Fig. 292. A diagram of 
the nervous system of an 
annelid worm. 

From a main nervous ring round 
the mouthy a double cord runs 
down the lower side of the bodji, 
with a swelling in each segment. 


_ will learn. At first the 

choice of route is made at random, and the 
animal goes right as often as it goes left. 
But, very slowly, the fact that the right- 
hand path is dangerous is forced upon 
its elementary intelligence. After a hundred 
trials or so, it goes left definitely more often 
than it goes right. After a hundred and 
fifty, the lefts were found to outnumber the 
rights by about ten to one. Then the 
electrodes were moved from the right-hand 
tube to the left-hand tube ; slowly the worm^ 
unlearnt its first lesson and mastered the new 
one. 
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But the most interesting point is this. It 
was found that worms could learn in this 
way if the brain-mass round the mouth was 



Fig. 293. A diagram of the nervous system of a crab. 

It built on a segmental plan {compare Fig. 292), hut moU of the 
“ subsidiary brains ” behind are gathered together into a single mass 
between the legs. 


removed altogether ; and even if, to make 
sure, the whole central nervous system 
of the first six segments was absent. So 
undoubtedly these swellings all 
along the worm’s nerve-cord can 
perform a function which is confined 
to the brain in ourselves. 

Sometimes this segmental arrange- 
ment may be modified. The most 
noteworthy alteration is the pulling 
together of a number of these sub- 
sidiary segmental brains into a 
single nervous mass. Thus the 
house-fiy has, between its legs, what 
we may call a belly-brain, which 
seriously rivals its superior centre, 
the head-brain, in size. The same 
is true of crabs. 

The state of affairs in molluscs 
(Fig. 294) is rather complicated. As 
in the arthropods and segmental 
worms, there is a ring of brain round 
the gullet which dominates the rest 
of the nervous system. From this 
ring two main pairs of nerves run off. 

One pair goes to a pair of subsidiary brains 
which co-ordinate the movements of that 
highly fcharacteristic molluscan organ, the 
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foot. The other pair goes to ,nh„ sui, 
sidiary brains which supervise tlir v/orV 
of the digestive apparatus, gills ai,d so for, “if 
But into the details and viri«' 
that the group presents we 
not penetrate. ^ 

^ Neither need we devote space 
in this section to the vertebrate 
nervous system. It has already 
been considered in a single tvne 
(Book i), and we shall return to it 
more fully in a later chapter. 

§ 5 

Vegetable Behaviour 

The essential processes which 
underlie behaviour— nervous action, 
sensation, movement, and so forth 
—may be traced, as we have seen, 
in an elementary state in even the 
simplest* animals, such as amoeba 
They take their roots from general 
properties of protoplasm. The 
body, as is well known, is a vast 
community of cells ; any cell shows 
some measure at least of irritabihts. 
contractility and co-ordination. .A 
dis.sociated cell creeping about m 
a tissue culture shows not onlv 
movement, but di.scriminali\e 
movement. Recently Dr. R. (1 
Canti has made a cinema film of such cells, 
speeded up so that their behaviour ernei^tes 
very strikingly. One secs, for example, a 



Fig. 294. A diagram of the nervous system of a mollusc. 
From a main ring round the mouthy cords run back to “ suhsidjars 
brains ” controlling the viscera and foot. 


cell Greening along ; suddenly h 
“ attracted^ by another cell, turns asicl^ an 
moves towards it ; crawls round it an.i over 




rudiments of behaviour 


T>yt ihr second cell apparently resents 
cloM approach, for it struggles and 
^ uiindly away, leaving the first alone. 
S sin liai* independence our white blood- 
' coiiMiine bacteria and other things that 
e no i)usiness to be in our blood. 

Wc h.nT already stressed the difference 
-tween specialized and unspecialized cells. 
We can all add two and two together, or 
fifty yards without excessive discomfort, 
sing' the first few notes of the National 
\ntheni An Einstein, a Nurmi, or a 
Chaliapinc is simply a person who can do 
of these things outstandingly well. 
Similarly a muscle-cell, a nerve-fibre or a 
sense-cell surpasses the general cell popu- 
lation of our bodies. But just as Chaliapine 
would lose most of his value were there no 
siat’es or opera-houses, or an Einstein if 
therewere no books, publications and learned 
societies, so specialized cells require an 
dpproprialcly organized body-community, 
whose elaboration increases with their 
specialization. When we turn from animal 
to plant behaviour we find the most remark- 
,il)le differences due to the different directions 
in which specialization has gone. 

One often sees accounts in the newspapers 
of how in many ways plants parallel our- 
sdves. They have beating hearts, we are 
lold, and nerves like ours ; they can be 
shown to tremble at an unpleasant stimulus, 
or lo scjuirrn in a death agony. Generally 
ihcse accounts centre on a series of ingenious 
lAperiments conducted by Sir J. C. Bose, 
of Calcutta. Now, since contractility, 
conduction, and sensibility are general pro- 
toplasmic properties, one would expect to 
find something of the sort in plants. Irrita- 
l)ility to different kinds of stimuli exists 
undoubtedly in plants, and in one*or two 
( ases a kind of slow transmission of impulses 
has been demonstrated which seems to 
parallel the “ neuroid ” transmission of an 
amoeba or a sponge. Moreover, many 
plants, as is well known, exhibit various 
movements : opening and closing of flowers, 
turning of leaves towards the light, and so 
forth. These are, however, due in most 
cases to a rather different kind of mechanism 


horn the contractile tissues of animals. 
^ he plant-effector is usually a pack of cells 
that can swell and stiffen by absorbing water 
ttnd becoming turgid. 

Here, then, plant behaviour parallels our 
but no more than does the behaviour 
of an amoeba or a sponge. It is ridiculous to 
ovei Stress the analogy ; to speak, for ex- 
3mpie^ of a plant having nerves like ours 
simply because it shows crude nerve-like 


transmission. In another instance Bose 
has detected rhythmical pulsations in the 
central tissue of stems, and interprets them 
as the motive-force that drives sap upwards. 
They may be — although it has been denied 
by several botanists— but it is certainly 
misleading to speak of such pulsations as 
heart-beats. The writhings of Mr. Every- 
man’s bowels are a hundred times more 
closely akin to the beating of his heart than 
are these alleged pulsations in plants. 

Evolution is commonly presented as a 
process leading up to and culminating in 
the crowning human brain ; but let us 
remember that while this slow growth was 
in progress another evolution was going on, 
starting from the same microscopic origins, 
but taking an altogether different direction. 
The plant design began with a green scum 
of microscopic life-specks ; it elaborated and 
perfected itself through alga and moss, 
through fern and horse-tail, to the grasses, 
flowers, and spreading trees of to-day. 
Gradually the stem stiffened and straight- 
ened, the roots and leaves and pipes for 
fluid transport became more intricate in 
design and efficient in functioning, and 
strange ways of securing fertilization and 
distribution came into being. Yet all the 
time the vegetable stock was minimizing 
the nervous and muscular phenomena that 
we prize so highly. The rudimentary 
powers of sensation, conduction and response, 
latent in its protoplasm, remained unex- 
ploited. Plants arc green ; they have no 
need to hunt or forage ; so the vegetable 
stock evolved upon fundamentally different 
lines. 

The main activity of a plant is not dis- 
criminating movement, but discriminating 
growth. It spreads its leaves towards the 
sun and its roots down into the soil. In this 
it shows a certain parallelism with our own 
behaviour ; for it grows in this direction 
and avoids that much as an animal moves 
in this direction and avoids that. Anyone 
who sees a speeded-up film of plant behaviour 
will at once recognize this parallelism. 

Take a particular case : the growing root 
of a nasturtium seedling is photographed 
every fifteen minutes. I’he resulting film 
is run through the projector at the ordinary 
rate of fifteen pictures a second. The rate 
of movement has thus been magnified 13,500 
times, and the behaviour of the root-tip 
now seems that of an animal instead of a 
plant. It pushes its way like a white worm 
through the soil ; like a worm’s head, its 
advancing end waves from side to side as 
it moves onwards ; like a worm^ it avoids 
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ot^qlin by holding anid crawling round 
them. 

The same apparent acquisition of the 
attributes of an animal as a result of mere 
change in the tempo of behaviour is seen in 
nearly all such speeded films. The nastur- 
tium bud, which takes all a morning in its 
slow expansion into a flower, becomes 
alarming like a lion suddenly throwing 
open great jaws ; the snowdrop folding its 
petals and drooping its blossom during the 
hour before sunset, has the air of a man 
relaxing his limbs and hanging his head on 
his breast in sudden grief. The horse- 
chestnut twig, emerging so slowly from its 
winter dormancy that its movements, its 
onward growth, its putting forth of successive 
leaves one by one, its alternate slow rotation, 
a little to one side and then to the other, are 
as imperceptible as those of the hour hand 
of a watch, suddenly acquires all the life 
and grace of a dancer. 

This appearance is not deceptive. The 
reactions of plants are indeed not dissimilar 
to those of many lower animals ; and the 
fundamental difference is precisely a differ- 
ence of rate. The plant, rooted in the soil, 
cannot escape danger by flight, or capture 
food by active pursuit ; rapid reactions are 
therefore, with rare exceptions, pointless, 
and its movements are almost wholly self- 
centred, devoted to attaining the right 
position for itself and its organs, unrelated 
to enemies or to prey or to any rapidly moving 
object whatever. That being so, they can 
be executed quite well through the slow 
agency of growth, and no special rapid 
machinery such as muscle has ever been 
needed or called into existence. 

Two main outside forces influence the 
direction of plant growth. The first is 
gravity ; leaf-bearing stems tend to grow 
upwards (as is very easily shown by growing 
seedlings in the dark), while roots tend to grow 
downwards. The second is light ; stems 
grow towards light, and roots (for instance, 
in a seedling suspended in the air and illu- 
minated from one side) grow away from it. 
A third factor, moisture, may also play a 
part ; in most cases roots grow towards 
moist regions in the soil. Responses of this 
kind arc called tropisms ; and, as we shall 
very shortly sec, the word has a similar 
application in animals. The response to 
lignt is cmled phototropism, that to gravity 
geotropisnif and that to water hydrotropism. 
As a further verbal complication, if the 
plant grows towards the stimulating influ- 
;cncc its iropism is called positive, while if 
1 t grows|lway it is called negative. Thus a 
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leaf-bca«n|r 
and neradvdy.geotropic; while 
nejativdy phototropic, positively 
^ p(^tively hydrotropic. The utiR 
these phrases will soon become apparem. ^ 

§6 

Instinctive and Intelligent Behaviour 

While plants specialized in directional 
growth, animals took the other road and 
developed an apparatus for directional 
movement, with the more refined sensitive 
structures that this faster method of response 
necessitates. But for all their muscles 
sense-organs, and brains, animals may be 
ruled in their activities by external influences 
as slavishly as plants are. 

While these lines are being written, a little 
zoo of insects is flying in, one by one, through 
the open window from the night outside. 
As they enter, the pilgrims go straight for the 
object which has fascinated them and drawn 
them in— the acetylene lamp on the table. 
They flutter round it and crawl over the 
shade ; some are held by the white circle 
of light it throws on to the ceiling. Some- 
times one of them finds the way round under 
the lamp-shade and flies straight for the 
hypnotizing glare— only to fall, burnt or 
dead, a second later. One fat moth fell 
with a flop at the heat, then pulled himself 
together, rose and, undaunted by his 
experience, made straight for the white glare 
again. 

Sir E. Ray Lankester wrote of a house in 
Java in which an open lamp was lit every 
night. “ Regularly two sets of animals 
. . . arrived on the scene. Swarms of 
moths and flies dashed in and out of the 
flame knd fell, maimed by the heat, to the 
ground. There a strange group had already 
assembled. Gigantic toads and wall-lizards 
crept from their holes in the masonry and 
woodwork and awaited the shower of injured 
insects, which they snapped up in eager 
rivalry, as the infatuated flame-sceken 
dropped, hour after hour, to the floor. 
{Diversions of a Naturalist.) 

A kindred case was observed by Loeb. If 
you take a number of prawns and put them 
in a dish through which a gentle electric 
current is continuously passing, they will 
show no sign at first of awareness of the 
current. But in a little time every one 01 
them will be at the end of the dish which is 
connected with the positive pole of the 
battery. Jhe prawns seek the anode as 
slavishly as the moth seeks the lamp* 
Various other creatures can be similarly 



4, need by 

r,“sliPP«' animalcule, fopwcauwle^ways 
^ to tlic negative pole— the opposite 

!Ltion to the prawn. 

H w are we to interpret these facts? 
oi)vlously, the bias is of no value to 
” Jwpssor, because Weak electric currents 


■ nossessor, oecausc wcoik. 

^fSiis kind never occur in nature. It is a 
^ irelv accidental phenomenon. In the case 


urely accidental pnenoraenun. xn uic case 
Pr the prawn the nerve-fibres in the central 
nervous system lie in different directions, 
according to the muscles with which they 
arc connected ; and it is known that a 
constant electric current will affect the 
activity of a nerve-fibre according to the 
angle at which it happens to cross it. In a 
prawn which happens to be facing the 
positive pole, the nerves to the muscles which 
push it forwards are made more active, 
Ivhile those which carry it backwards are 
[•nfeehjed. In a prawn facing the other 
ivay the reverse occurs. So that the first 
prawn progresses somewhat more vigorously 
ind easily than usual, while the second goes 
ivith labour and difficulty, until it happens 
to turn round. It is as if they were living 


►F BEHAVIOUR 

led half-way between 
mern. This shows that they seek the light 
because of a simple automaticity and not 
because they * like light and deliberately 
seek It out, for in the latter case they would 
go to one light or the other. If one light 
was stronger than the other, the animals 
took a course with a slight bias that way, 
and its angle could be calculated very 
accurately by means of a simple mathe- 
matical formula. In another series of experi- 
ments rapidly flashing lights were used, and 
here it was found that the pull a light 
exerted on the creature depended on a 
straightforward relationship — it was pro- 
portional to the product of the light’s 
intensity and its duration—which is parallel 
to what we find in certain simple light- 
produced chemical reactions, like the changes 
that occur in a photographic plate during 
its exposure. 

These experiments were, of course, pre- 
pared under simplified conditions ; in 
nature the action of a tropism is often counter- 
acted and delayed by a host of other stimuli 
and reactions. The insects that make for 


)n tlie side of an invisible hill. Just as in 
:he latter case gravity would •be constantly 
urging them down the slope, so the current 
constantly urges them to the positive end of 
the tank. 

Something of the same kind happens in 
tlic case of the insects that fly into the light. 
They are so made that the angle and intensity 
dF the light that falls into their eyes affects 
heir muscles ; and they tend to fly towards 
he light as infallibly as a prawn tends to 
nake its way towards the plus end of its 
■lectrified aquarium. 

Gravity can act upon animals in a similar 
vay; there are* earth-seekers which tend 
>lways to direct their course downwards, 
tJid earth-shunners which tend to travel 
ipwards. 

fhe parallelism between these slavish 
^ponses to physical factors and the tropisms 
a plants, which we described at the end of 
he last section, was first stressed by Loeb, 
extended the words phototlropism, geo- 
*'opism, and so forth, to animals. Move- 
j by an electric current is 

ailed galvanotropism. Moreover, Loeb 
>enormed a number of pretty experiments 

0 show the automatic, mathematical way 
r .^hich the animals were driven by 
heir inner urges. 

• instance, he tried the behaviour of 

1 animals in the presence of two 

K ts. If bQtij equally bright, the 

iinals generally went, not to either light, 


the light do not go altogether blindly and 
directly ; they may pause on the way to 
chase or avoid each other, or to rest for a 
little while. But sooner or later they get 
there, just as a feather floating in the air 
will sooner or later come to earth, though 
on the way in may indulge in all sorts of 
devious twists and flutters. Under natural 
conditions a tropism is a sort of directional 
urge that runs through the behaviour of a 
creature, and gives it a pervading bias, 
perhaps conspicuous, perhaps hardly notice- 
able, but always in a given direction. 

Galvanotropism, we noted, is useless to its 
possessors ; the positive phototropism of a 
night-flying insect is not only useless but 
sometimes, in the neighbourhood of human 
habitations, definitely destructive. But often 
a tropism plays an important adaptive part 
in the life of a creature. Some animals, like 
the roots of a plant, are neptively photo- 
tropic ; a blow-fly grub will crawl 
from the light in a straight line, and,'Ss 
it lives buried in decaying things, the 
helpfulness of this tropism is manifest. 

Moreover, in many cases the sense of a 
tropism can be reversed by other conditions. 
Thus barnacle larvae seek light in thfcold and 
avoid it in warmth ; similarly many small 
aquatic crustaceans, such as the water-flea 
Daphnia, tend to swim downwards in a 
bright light and upwards in darkness. 

There is a very pretty case in which such 
a change of tropism underlies a conjplicated 
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instinct. The caterpillars of the goldtail 
moth Porthesia chrysorrhaa hatch in autumn 
and spend the winter hibernating in nests 
near the ground on the stems of the shrubs 
on which they feed. In early spring they 
leave the nest and crawl straight up the 
shrub to the tops of its shoots, where they 
find the first buds beginning to open, and 
these they devour. The coming out from the 
nest is apparently a response to warmth, for 
they can be made to leave it at any time in 
winter by warming it artificially. But why 
do they crawl upwards — how do they know 
that the only place where they can find 
food is at the tops of the branches ? If 
they went downwards they would starve. 

They do not know. This upward creeping 
can be shown to be a simple positive photo- 
tropism, directed by the light reflected from 
the sky. If some of the caterpillars arc 
taken as they are leaving the nest, and put 
in a glass tube lying near a window, they 
will all collect at the end of the tube nearest 
the light, and stay there. If the tube is 
turned round they will crawl to the other 
end, again towards the light, and there 
wait. Most surprising of all, if a few young 
leaves from their food-shrub arc put at the 
other end of the tube, the end farthest 
from the light, they make no attempt to 
reach the meal ; the light-rays hold them 
captive at the end nearest the window, and 
here they stay until they starve. 

Under natural conditions the tropism 
guides them up to the only place where they 
can find their food. But there is a further 
complication here. For only an unfed 
caterpillar is positively phototropic ; in 
some way nourishment removes the tropism, 
and after eating light has no effect. The 
utility of this is clear. The caterpillar 
quickly clears up the leaves at the top of 
the twig, and if its slavery lo light persisted 
it would have to stay there and starve. But 
having eaten it is freed and can creep in any 
direction ; the experiment with the glass 
tube and the window now has no result. 
So it is able to work its way downwards and 
fihd the lower buds as they begin to open. 

A tropism, then, is a blind and unreasoning 
drive within an organism ; it may lead the 
creature to destruction or to salvation, but 
in either case it is a simple result of the 
interactipn between the inborn structure 
of the nervous system and stimuli from the 
environment. 

Another kind of response, equally blind 
and unreasoning, is the reflex. To reflexes 
we introduced ourselves in Book i. Chap. 3, 
§. 6, taking as an example the automatic 
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movements of the hand when the f 
touch the red end of a cigarette. 
note many other examples in lain rC 
The differences between a reflex 
pism arc two. Firstly, a reflex usually 
concerns a part of the body (in this case ‘ 
hand), while a tropism affects the posiu ' 
and movement of the body as a whol? 
Secondly, in a reflex an abrupt reaction ‘ 
elicited by some sudden change in tlf 
environment, while a tropism is more ^ 
steady, underlying bias in behaviour, hrouehl 
about by a constant stimulus. But the 
distinction between the two will become 
clearer in later sections, as we handle the 
words. 


Between them, tropisms and rcflcxe^ 
underlie most of the phenomena usualK 
loosely called “ instinct.” The flying of the 
moth into the flame is often spoken of as ,in 
injurious instinct. Young chickens, when 
they hatch have the instinct to peck at aii\ 
small object that they notice lying on the 
ground ; but soon experience teaches them 
to distinguish the edible from the inedible, 
In this case the first instinct is a reflex. 

Instinct is rather a dangerous word, because 
it has been used in a variety of senses in 
ordinary speech ; any unconscious impulsi 
may find itself labelled instinctive. Bin 
here we are going to restrict the term to tlmst' 
elements in behaviour which are inborn 
in the organism, or which develop in laier 
life (as the beard and deep voice of a human 
male develop) as a simple result of the 
organi.sm’s own constitution. Instinct is 
congenital behaviour. Contrasted with 
instinct we have all those elements which 


depend upon individual experience -upon 
memory and learning. These, for want of a 
better word, we may call intelligent be- 
haviour. 

Every animal comes into the world with 
a certain inherited endowment of congenital 
behaviour. Some go through life with that 
alone. Before we carry our analysis any 
further, it will be well to consider an 
example of that kind. But most animals 
learn as they live ; as we ascend the anima^ 
scale we find them extending and improving 
on their original outfit, sometimes onb 
slightly and sometimes very considerable 
by personal adaptability and experience. 
Finally, in ourselves intelligent behaviour 
outweighs and largely supersedes insimc 
Our next chapters will trace the inter- 
relations of the two kinds of behaviour, nrs^ 
in the higtiest and most interesting 
brates, ancf then in the group to whieh ^ 
ourselves belong. 



RUDIMENTS OF BEHAVIOUR 


« ^ fjj.( we must introduce ourselves, 
u^mean » microscope, to a creature 
l!losc bt iKiviour is entirely congenital. 

§ 7 ' 

The Behaviour of the Slipper 
Animalcule 

If we take a few bits of water- weed from a 
ol in summer— preferably a stagnant 
pool-ancl leave them in a glass of rain- 
water to rot, in a few days we shall ve^ 
probably see a multitude of white specks in 
tlif glass, on holding it up to the light. 
These specks, the largest ones about a third 
of a millimetre long (an eightieth part of an 
inch), are slipper animalcules. The rotting 
\^^eds have first nourished a host of bacteria, 
\isible perhaps as a faint turbidity in the 
water, and the slipper animalcules, tiny but 
ravenous beasts of prey, are now living on 
(heir very much smaller neighbours. 

The appearance of a slipper animalcule 
(Paramecium is its technical name), 
when magnified with a low power 
{]{ the microscope, is shown in 
Fi[t. U95. It is covered with 
cilia • the minute, vibrating, hair- 
like projections that we first met 
in the lining of our windpipes — 
md by means of their almost 
ceaseless lashing it swims rapidly 
.'ilong. But the cilia are not all alike ; 
some are stronger than others and 
the direction of their lashing is not 
quite the same as the long axis of the 
body. Because of these facts, and also of 
>1 curious twist in the front end of the creature 
its body has been likened to a leaden rifle- 
bullet twisted by being shot through a 
Etrooved barrel), it swims in a spiral course, 
Tinning round and round on its own axis 
Eis it travels forward. 

About half-way along the body is a wide 
i^unnel-shaped pit, which sinks in towards 
the middle of the body. This is the mouth ; 
like the rest of the body surface it is covered 
cilia, and their lashing keeps a whirl 
water flowing into the funnel, where such 
nourishing particles as bacteria are seized 
Old swallowed. « 

faramecium is one of the biggest of the 
^^ttcr-known protozoa, and, as with the 
jest ot the group, it has an organization like 
hat ol a single cell from our bodies. Most 
Its interior consists of the viscid fluid 
Pt'otoplasm ; in the centre somewhere is a 
nucleus with a smaller one (or perhaps 
"'^>1 lying beside it. Any food particles that 
taken in at the mouth pass into the 


interior contained in little water-filled cavities 
diges^eT 

By our standards, the ways of a slipper 
animalcule are as strange as its structure, 
it multiplies by tearing into halves after the 
manner of protozoa, and it is neither male 
nor female, for its equivalent of the sexual 
process, divorced from the reproductive 
function (Book 4, Chap. 2, § 3), is an affair 
between exactly similar individuals. But 
here we are not concerned with these rarer 
adventures ; it is on the humdrum daily 
business of feeding and self-preservation that^ 
we shall concentrate our attention. 

As we watch a paramccium bustling its 
spiral way across the field of the microscope, 
we may chance to ^e it give a highly 
characteristic and important reaction* 
Suddenly it stops, darts swiftly backwards, 
turns slightly, and then starts swimming 
forward again in a new direction. This is 
called the “ avoiding reaction,” and it means 


that the animalcule has come up against 
something that it doesn’t like. 

Suppose that some kind of obstacle, such 
as a bit of plant debris, blocks its path. As 
soon as it touches the barrier thfe creature 
gives this avoiding reaction — starting back, 
turning, and trying a new line. Perhaps 
this still does not clear the obstacle ; if not, 
there is another collision and another 
avoiding reaction, and so on until the para- 
meciurn gets round. There is no system in 
this exploration. It is a perfectly random 
affair ; the animalcule turns first in one 
direction and then another until it happens to 
get clear. 

Exactly the same reaction is given if very 
strong light suddenly falls on the animal, 
or if it gets into water which is unsuitable — 
too hot, too cold, too salty, too acid, or too 
alkaline. To all these unpleasant stimuli 
paramccium has but one answer ; and it 
repeats this answer until it cither perishes 
or else escapes into better conditions. 

The details of the avoiding reaction may 
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295. Paramecium caudaium^ the slipper animalcule. 
{Photo by H. Bastin.) 
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V3jry accofdiiife to the nature of the influence exanuning hi 5 ccE W^tematicallv ♦ 

dlat calb it forth. Sometimes the back- finaUy, in man it becomes supplanted 

.1 . : whi'ip nt certain variable extent, by deliber'^fr’ , ^ 

nine, ^t thc ideaof-haveashouft; 
« Paramecium to Pil 

and if It ^yas indispensable as the mast^ r 
the protozo^ acUvitics, it remains cquaik 
indispensable as the exploratory scout \ 


wards movement is considerable while at 
others it is slight ; sometimes the change 
of direction is greater than at others ; and 

so on. ^ , r 

Thb “ try, try, try again ” of a single form 
of response we may call the Method of Tri^-l 
and Error. In paramecium, we see it in its 
simplest form.' But it continues to be em- 
ployed in one way or another on every level 


of behaviour up to the 


showed, almost all the apparently 


investigator) 


human. A dog behaviour of paramecium depcnds^solelvr 
with a stick in ‘its mouth is trying to get the repetition of thb piece of automatism” 

Normally the stagnant waters, full of decavi 

ing vegetation, which it inhabits, are slightly 

^ J 


i^through ii set of railings ; it turns its head 
now at one angle, now at another, it shifts 
the stick in its teeth, it tries over and over 
again without any evident system in its 
investigation, until finally one position allows 
|t to pass 


-that too IS trial and error. So, 



Fig. 296. A number of slipper animalcules, 
irnprisoned between two slips of glass, show their 
liking for faintly acid regions. 

Above, they collect round a bubble of carbon dioxide {left), 
which dissolves in the water, forming an aqid, and neglect 
a bubble of air {right). Below, some time later, the water 
round the carbon dioxide has become too acid for comfort, 
and the creatures now lie in a ring where the acidity suits them 
better. 

too, on ft more elaborate level, is the be- 
haviour of a man seeking frantically to 
escape from a room in which he has been 
locked, as he rushes round and hammers the 
walls, in the hope that by chance he will hit 
on a weak spot. So, on a different level once 
more, is the behaviour of the scientist when 
confronted with a strange fact to whose 
solution his previous experience suggests no 
obvious line of approach, he tries what 
Darwin called “ fool’s experiments ” in the 
hope that one or other of them may yield 
a clue. But as we go up the scale, the method 
of trial and error ceases to dominate behav- 
iour, it becomes a tool in the hands of this 
or that instinct or desire, as when the dog with 
the stick desires to get to his master through 
the railings ; it becomes modified by 
experience and intelligence, as in a prisoner 
trying to break out of his confinement and 
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alkaline. Where, however, a multitude 
of the bacteria on which it chiefly feeds are 
collected, the carbon dioxide they give off 
will make the water more acid. It is 
therefore, an advantage for paramecium to 
find and stay in any region of slight acidity. 
That it does so can be easily demonstrated. 
If a number of paramecium be put in a drop 
of water between two slips of glass, and then, 
by means of a fine pipette, a bubble of aii 
and a bubble of carbon dioxide be separately 
introduced into the tiny aquarium, the car- 
bon dioxide- bubble will soon be surrounded 
by a dense ring of animalcules, while the 
air bubble will be neglected. 

As more carbon dioxide passes into the 
water, the ring of paramecium will move 
slowly out from the bubble, the water 
immediately against it being now too acid 
for comfort. If, during this latter phase, 
we watch our little experimental world 
through a low-power microscope, what we 
see is this : if a paramecium happens to 
swim from the general drop into the region 
of the crowded ring, it gives no reaction, 
but swims on with its normal spiral. When 
it reaches the region of the stronger acid 
on the inside of the ring, however, it gives 
an avoiding reaction, and changes direction ; 
and it does the same if now, swimming back 
again, it reaches the neutral water on the 
outside of the ring. So it continues, giving 
the avoiding reaction every time it gets 
the edge of the ring, and the acidity becomes 
too high or too low. Thus by means of its 
sensitiveness to high or low acidity, and its 
single answer to both, the paramecium 
becomes trapped, but trapped in the middie 
zone where the conditions are best. 

Precisely similar behaviour can be seen 
when drops of weak acid or of various sa 
solutions arc used ; in each case the anima • 
cules waBider by chance into the mos 
suitable regions, but, once there, reuis 
to leave them ; and wc have the paraao 
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t, t oaraniecium is guided in its positive 
Sav^iour by a negative ^action. 

The creature does, however, exhibit a 
ovr nit ce of behaviour which is directly 
^!!^ntag( oils to it. Its bacterial ^rey has 
habit of swarming together and forming 
Vtlike collections of great numbers of 
individuals. If a paramecium is guided to 
he faintly acid zone round such a raft by its 
avoiding ' reaction, it will obviously be 
advantageous for the animal to stop swim- 
jj^ing and anchor itself directly to the 
bacterial raft. This is done by means of a 
characteristic reaction to solids. Whereas 
strong mechanical contact (such as is pro- 
duced by the creature suddenly bumping 
its front end against a hard obstacle) calls 
forth the avoiding reaction, light touches, 
pspecially with objects of irregular and 
thready surface such as the bacterial raft 
t)r a scrap of paper, bring about a total 
itoppage of the cilia on the side touching 
the object. The other cilia also slow down, 
‘xcept for the ones round the mouth, which 
:ontinue actively sucking food towards the 
mouth. The result is that the paramecium 
stops and browses over the surface it has 
discovered. It is interesting to note that 
when the animal is doing this its sensitivity 
toother agencies is diminished — its attention, 
so to speak, is occupied by its meal — a 
phenomenon which is of course paralleled 
in our own behaviour. 

This second reaction, in spite of its 
simplicity, is obviously of service to para- 
niecium under natural conditions. The 
rough, solid \)bjects which elicit it will, in 
general, be rich in nutritious particles. 
But the experimenter can show how mectiani- 
cal and unreasoning a thing it is ; Jennings 
mund that paramecium would stop and 
Drowse eagerly but emptily over such objects 
as scraps of paper, fine fabrics, threads, or 
heaps of carmine powder, in spite of the 
•act that “ the cupboard was bare.” 

In addition to these two reactions, para- 
jnecium rnay respond by a directional bias 
iu Its swimming to one or two simple 
physical agencies. For example, it is nega- 
tively geotropic ; it tends to swim upwards, 
^gainst gravity. In the pools it inhabits it 
?oes not feed on the bottom but swims about 
jn the upper layers of water, finding out«nd 
utowsing over floating particles in the 
banner we have described. The sensc- 
^fgan by which it feels its way upwards is, 
apparently, its digestive appajfatus* Para- 
has of course no permanently 
^tked-ofF alimentary tube, but when it 
food-pajticks it takes them into little 


vesicles of water, in which they drift round 
j of these little vesicles, or 

food-vacuoles,” is in effect a stomach and 
intestine combined. Digestive ferments ooze 
into them from the living protoplasm around; 
the products of digestion are absorbed out 
of them. Now the food is in general heavier 
than water, apd so it comes about that the 
food-particles rest on the lower sides of these 
temporary stomachs in which they are 
enclosed. It would seem that the Para- 
mecium can feel this, much as we might feel 
a small but heavy object in our stomachs 
pressing downwards, and that this is the* 
only way in which it gets any sense at all of 
up and down. If the reader can stretch his 
^^^^biation sufficiently, let him be mentally 
floating in water (not on it), with eyes closed, 
with the balancing organs in the car tem- 
porarily paralysed, and only the pressure of 
a small hard object in the stomach to tell 
him which way up he is. It is possible to 
trick paramecium because of this fact. By 
inducing it to swallow grains of finely 
powdered iron or nickel and then holding 
a powerful magnet over it, the animal can 
be persuaded that up is down, and its 
reactions can be reversed accordingly. 

But this response to gravity only takes 
place if the water is faintly acid. In neutral 
water there is no reaction. Apparently it 
depends for its manifestation upon the 
physiological state of the animalcule. This 
typifies a set of phenomena of very great 
importance ; a number of reactions which 
occur with machine-like regularity in one 
set of conditions are changed or fail to 
appear altogether when the conditions are 
altered. We met a similar case in the 
caterpillars of Porthesia chrysorrhoea, A great 
deal, perhaps all, of the variability and 
apparent spontaneity of the behaviour of 
lower organisms is due to such alterations of 
physiological state ; and we have only to 
think of our own feelings and reactions to 
food when hungry, just after a good meal, 
and when on the verge of sea-sickness, to 
realize tfiat in higher forms also they play 
a leading part. 

Thus, by means of a few simple and 
perfectly automatic reactions, the slipper 
animalcule swims about, seeks and consumes 
its prey, and avoids hostile influences. To 
us it is almost incredible that so small an 
equipment should suffice. If an animal 
like a pig, say, or a deer were to live with 
such slender resources, it would normally 
bustle blindly along, bumping into trees and 
rocks, and only able to get round obstacles 
by backing aWay for a few steps, turning 
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into a new direction at random, and starting 
off again. Put in a small pen with an open 
gate, it might give ten or twenty such 
reactions before it hit the way out. When 
it smelt a suspicious smell, it could not make 
off in the opposite direction, or wait warily 
and find out just what kind of potential 
enemy was the cause of the smell, or what 
it was doing. It could not see or snuff its 
food from afar, much less learn its way 
about' its locality and remember where to 
find the best grass and juiciest thickets, but 
would be reduced to careering along, 
brought to a standstill now and again by 
the feel of herbage or leaves on its legs ; and 
indeed, it would not seek for its food at all, 
but would simply happen upon it by luck. 
But for paramecium, swimming about in a 
bacterial soup, such reactions are enough, 
and thus these tiny, single-celled creatures 
conduct their lives. 

Can we imagine so limited a creature as 
having a conscious mind ? Let us assume 
so for a moment, and see what kind of mind 
it must be if it exists at all. 

The first important difference between its 
experience and ours is that it has no special 
sensory apparatus, such as the eye or the 
ear, for determining the direction from 
which such agencies as light arrive, nor for 
determining their relation to each other in 
space. It knows nothing but its own body, 
and the things that touch its body. Neither 
has it, as far as we can judge, much power 
of discriminating between different kinds of 
influence ; it gives one reaction only, the 
avoiding reaction, to such diverse conditions 
as a hard obstacle, too-acid water, too- 
alkaline water, salt water, hot water, chilly 
water, and so forth. Presumably it experi- 
ences but one kind of sensation for all these 
things, since it gives but a single response. 
So that we can read into the mind of our 
paramecium no variety of qualities, colours 
and tones ; no images, no sense of near and 
far ; at most, nothing more than monotony 
of faint pleasure and displeasure. 

Secondly, paramecium has no memory. 
It gives no sign of profiting by experience ; 
even the dodging by which it tries to get 
round an obstacle is random and un- 
systematic. Sometimes indeed it shows 
quite transitory changes of intensity or kind 
of reaction, after long repetition of the same 
external influence, but these are merely 
fatigue effects and not expressions of a 
memory faculty at all. It reacts differently 
because it is tired. Paramecium’s life is 
forgotten as soon as experienced. The 
animal recalls no past and anticipates no 
666 
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future, but lives life after life, as it 
a perpetual chain of “ nows.” ’ 

Specialists in the study of proto/. i 
paramecium as highly-orga^ed niembcr 


of the group. One could find 


even .simpler 


lives. Amoeba, for instance, does ,u,t swim 
by rippling cilia, but oozes along by a'kinj 
of viscous flowing of its whole body that w 
have already described (page 167). U lads 
a special mouth, and embraces and takes in 
its food at any point on its surface. Its 
behaviour is as simple as or simpler than 
that of the slipper animalcule. Going lower 
down the living scale, we find kinds of 
bacteria which do not move at all ; which 
do not eat, but simply absorb their food • 
whose only activities are growth, sexless 
reproduction, and the automatic exudation 
of various chemical materials. We find the 
life, like the structure, is at or below the 
cellular grade ; there is as much behaviour 
— sensibility and activity — in one of our 
Mr. Everyman’s white blood-cells, or in a 
connective-tissue cell in a tissue-culture, as 
there is in these elementary free-living 
creatures. 


§ 8 

The Different Worlds in Which 
Animals Live 

There are two great mistakes into whidi 
everyone, it would appear, falls by some 
kind of inevitable tropism when beginning 
to observe and think over animal behaviour, 
and it may be well before we go further to 
devote a brief section to their discussion. 
One is to ascribe to animals the highci 
faculties of human mind, such as intelligence, 
purpose, elaborate emotional -states like 
hopes or fears or aspirations, powers of rapid 
learning, of imitation, of recalling an idea. 
The other is the assumption that the world 
in which animals live is that world of objects 
and events in space-time in which we pass 
our lives. The ascription of human faculties 
to animals underlies all the familiar stories ‘of 
dog intelligence, all the pleasant anecdotes 
of dozens of books on popular natural 
history. We shall have occasion to prick 
that bubble, regretfully but decisively, 
several of the later sections of this Book. 
But ^his is perhaps the place to discuss our 
other point. 

When we say that the world of a beetle 
is different from that of a dog, and botn 
from that of a man, we naturally do no 
mean that external reality in which a 
dog lives its iSe differs from that in which a 
beetle lives. But the nature of externa 
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. _th.it is a problem for the philoso- 
h What concerns us as biologists is 
h ^aturt^ i;f the external world as it touches 
"V DDcai s to the animals, the world as it 
Actively is for them. The world of a 
Inner animalcule does not consist of a 
lumber of objects as it does for us, each 
Let, like a tree or a dog, possessing a 
lumber ol properties, some concerned with 
hape, Olliers with hardness and heaviness, 
ithers with temperature or smell or taste 
,r colour. There are no things in its experi- 
iicc, only separate stimuli ; it apparently 
las no capacity for perceiving two kinds of 
(iniuli joined up into one compound ex- 
iciicncf, for thinking them together, as we 

0 when we think Of the yellowness and 
niindness of an orange. There is no space 

1 its experience, no right nor left ; it has 

0 capacity for telling where anything is in 
[lation to anything else ; nor can anything 

e.xperiences have a shape — all the stimuli 
lat beat upon it are as formless as smells 
1C to us. And there is no time in its 
\pcnence ; it lives only in the narrow 
oundary between the past and the future. 
)ii(e an experience is past, it is blotted out 
)i ever ; past and future have no meaning 
lid, indeed, no existence for paramecium. 
.Most of the lower animals live their dim 
iiid windowless existence in a world of this 
united kind. Let us think of one or two. 

A jelly-fish bell is an arrangement of 
i«ves and muscles which has only one 
iiswer to all the possible questions which 
ur varied universe can put to it : it can 
iil.se. It can vary the emphasis of its 
Iiswer by pulsing more strongly or less 
J'ongly ; that is all. 

A sea-urchin is a feudal system of re- 
tion.s, but a feudal system without a king, 
be barons occasionally combine, though 
^ey enjoy a great deal of local indepen- 
; but there is no brain-parliament 
nerc the local lords can pool their ideas, 
here is in the sea-urchin almost no appar- 
us for putting together the experiences of 
^ parts and making a single experience 
yhe sea-urchin as a whole, 
fhe worm, the mollusc, and still more the 

1 iropod, have the makings of such an 
^paratus : yet their sense-organs and their 
ams often do not permit their experience 

anything very elaborate. Even for 
a complicated creature as a snail, for 
s ance, the sun does not exist ; there are 
n y degrees of light and warmth. And it 
dw things. It only becblnes visually 

when they are between it 
light ; and then they arc merely 


shadows of more or less intensity. The 
world of Crustacea begins to acquire more 
ot a framework and a greater richness within 
the framework. A crab scuttling over the 
shore at low tide can see on which side of 
him you are approaching ; and objeas 
begm to exist for him, because he can 
distinguish something of sizes and of flat 
shapes, if not of solidity. But, all the same, 
the shapes are wretchedly blurred and dim ; 
he sees men as trees, walking ; his visual 
world is little but a world of dark dangers 
of different extent, between which he can 
draw no further distinctions. 

To such creatures as hermit-crabs, objects 
with solid shapes begin to exist. This is 
more or less of a necessity for them with 
their shell-inhabiting propensities ; and 
experiment has shown that they can dis- 
tinguish spheres from cubes and flat from 
pointed cones. 

With the perfection of the eye as an image- 
forming camera instead of a mere light- 
perceiving organ, and with brains capable 
of linking up impressions from ‘other senses 
like touch or smell with those from sight, 
the world of evolving life grows rapidly 
richer ; it comes to have some resemblance 
to the world we know, by consisting of solid 
objects in space. When a bee is flying to 
and from its hive, across our garden, it sees 
the same objects as wc do. It may not 
know that this is a chair or that a tree ; but 
at least it sees them and distinguishes them. 

Even so, the world of such a creature may 
differ from ours in many ways. It may, 
for instance, be a world of black and while, 
since the animal has no colour-sense ; and 
most insects are deaf, so their world is 
soundless. 

There are other frameworks in our human 
world besides that of space ; there is the 
framework of time and the framework of 
cause and effect. These evolve long after 
that of space. I’he story of the evolution of 
mammalian intelligence, which we shall 
give in a later section, is in large part a story 
of life making groping experiments in the 
direction of these new frameworks. A dog 
is just beginning to put two and two to- 
gether ; but his powers in that direction 
bear about the same relation to our human 
capacity for digging out causes and drawing 
deductions as the power of a crab’s eye to 
distinguish the shape and pattern of things 
does to a dragon-fly’s or a bird’s. So with 
time ; the non-human animal does not 
have its life fitted to a framework of time. 
The past may be alive in the present for it ; 
but so far as we know, the past docs not 
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exist in its own right, as it does for us, as 
something to which we can have access when 
we wish. The length of time for which an 
animal can hold an image in its head is 
very short ; the image speedily gets crowded 
odt by the insistent throng of new sense- 
impressions. It is probable that no animals 
bciow apes can call up images of past events 
as we can ; a dog probably is incapable of 
remembering and reflecting about his absent 
master, although he recognizes him again at 
once on his return, even after years. This 
lack of imagery and recall too makes the 
animal’s time framework a poor one. 

With man and man’s greatest invention, 
language, the world once more becomes 
richer : it becomes an orderly whole with 
at least the possibility of having all its 
aspects related one to the other. 

Cell*-colonies acquire a purely physical 
unity ; they are marked off in space ; cell- 
colonies then become many-celled animals, 
and the nervous system confers on them a 
unity of behaviour — they act as wholes ; 
the human ‘cerebral cortex provides men 
with an inner unity of experience — their 
world of thought becomes a single whole. 
Looked at from a slightly different angle, 
we sec the aggregates of cells we call higher 
animals acquiring a physical unity quite 
early in their evolution ; but only at the 
very end, in man, do they come to possess 
an individuality of the inner con.scious life. 
Before, any inner life there may have existed 
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has been a mere aggregate of shreds 
incidents of consapusness ; now it bee ^ 
organized— a personality. 

There are thus three main kinds of wnrU 

inwWchani^lsUve. There are s?aceS 

tuneless worlds consisting of mere 
There are worlds consisting of stimuli n m 
.together to make objects, things with shaC 
and sizes. And there are worlds of sdL! 
and time, of objects held together in bonds 
of cause and effect tt^ make orderly con- 
structions. 

These are the three main stages in the 
evolution of the world as it is known to life 
They are connected by every possible 
transition, and the evolution is still pro- 
ceeding. Our sun is t very different sun 
from Abraham’s ; it is much bigger, much 
farther away, and much hotter. Even our 
framework of space has recently changed. 

We are often apt to think that our capacity 
for changing our thought-constructions— as 
when we abandon the flat earth for the 
round, the central for the merely planetary 
globe, the first chapter of Genesis for Evolu- 
tion — is something specifically human. So 
in a sense it is ; for it is only we men who 
have got any such elaborate thought-con- 
structions to change. But it is also the 
culmination of the same slow process which 
was begun when life first began to enlarge 
its world by increasing the range and 
number of the bare stimuli to which ii 
could respond. 
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§ I 

The Ailhropod Mind as the Culmination 
of Instinct 


A S we have pointed out in^Book 3, two 
only of the various streams of evolving 
t animal life have attained outstanding success. 

' These arc the vertebrates and the arthropbds. 
]n Chapter 3 of Book 2 we were at some 
pains to stress the radical differences between 
iheir two plans of construction. In Chapter 
of Book 5 we pointed out some of the 
differences in their evolutionary fate. We 
bh;ill here discover an equally profound 
divergence between them in behaviour and 
: in plan of mind. 

The mammals, with man at their head, 
and the insects, with ants, bees, and termites 
.IS their highest specialization, are the cul- 
minating branches of these two divergent 
blocks. The divergence began with obscure. 
^ details of bodily^chcmistry and construction, 
Mich as the preference of insect tissues for 
bpcreting chitin and using it for a skeleton 
on the outside of their bodies, of vertebrate 
tissues for making cartilage and bone and 
nsing it as an internal scaflblding. The 
vertebrates went in for tails and for limbs 
r^irictcd to two pairs, the arthropods for 
taillessness and a whole battery of append- 
JRvs. There were many other differences, 
but wc need only stress once more the fact 
mat land-vertebrates breathe by lungs, land- 
arthropods by air-tubes. This fact is not so 
unconnected with our present subject as it 
^eems, for it was air-tube breathing which 
milted the size of insects. Their small size 
condemned them to comparatively few 
rain-cells ; and this limitation of the 
dumber of brain-cells made it impossible for 
to provide all the myriad alternative 
rain-pathways which are needed for any 
c aboratc process of learning and for the 
Pastic behaviour we call intelligent. (It is 
perhaps no coincidence that several observers 
ave remarked on the “ insect-like ” be- 
uvioiir of the smallest warm-blooded verte- 
the humming-birds.) 

oth^^ J^e>nstruction of vertebrates, on the 
hand, was admirably suited for 

VY ■ ' T* , 


§ 2 . Anatomy of In- 
fVajs of Life Among AnU. 
Termites. § 8 . Bees. 

strength, size, and power. All the biggest 
animals, both of land and water, are verte- 
brates. Thus when they had exploited to 
the full the mechanical resources of their 
bodies, there remained the resources of 
behaviour of which they could take advan- 
tage ; for they could grow big brains, they 
could learn, they could adapt themselves 
individually instead of having to leave 
adaptation to the slow variations of the 
germ-plasm. Their size necessitated a longer 
growth ; and this too favoured learning — , 
and in its turn favoured longer life, so that 
experience should not be wasted. So the 
arthropods and the vertebrates represent 
two different lines of mental development. 
Ghitinous armour and air- tubes limited their 
possessors to a reliance upon instinct, the 
vertebrates’ tail and backbone, their general 
size and muscularity alloVed them to develop 
their intelligence. 

We ourselves arc almost destitute of 
instincts. When people talk of human 
instincts they usually mean either habits or 
intuitions ; and both habits and intuitions 
are based on years of previous experience. 
We find it very difficult to imagine the mental 
life of a higher insect. What can it feel like 
to be born with a nerve-machinery that 
ensures you shall react without prior ex- 
perience and without education to quite 
elaborate situations ; to react to them in a 
finished and apparently purposeful way ; 
and yet to be baffled by quite small variations 
in the situation ? 

What does it feel like, for instance, to be 
very hungry and yet starve to death rather 
than try any unaccustomed food outside the 
one species of animal or plant normally 
eaten, as many insects (but not a single 
vertebrate) will do ? Or to be impelled, 
like some kinds of solitary wasps, to hunt 
for one kind of spider only, to sting it in a 
particular way so as to paralyse it, to wall 
it up with an egg as food for the grub which 
will hatch out of the egg — and then never 
pay any more attention to your offspring at 
all ? What docs it feel like to be able to^ 
build a honeycomb — a double plate of deep 
cells, the celb accurately hexagonal, the 
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bases of all the cells of one plane elaborately 
dovetailing with those in the other ? And 
all this without the least instruction in 
geometry or in wax-modelling ? What does 
it feel like to be a worker-ant and know 
without being told exactly what to do with 
the babies of your own species ; but to be 
so incapable of profiting by experience that 
if you are provided with ant-babies of 
another species which require a different 
food and different treatment, you never 
make the least effort to alter your routine 
and continue in your own ways although all 
your charges without exception sicken and 
die after a few days of your care ? 

The answer is that we do not know what 
it feels like ; but that in all probability the 
level of accompanying consciousness is not 
high. Probably the insects do exceedingly 
little thinking ; one object releases an 
elaborate train of behaviour, while another 
is paid no heed to, in the same automatic 
way that light of a certain wave-length 
hitting our eyes has to give rise to a reaction 
which we feel as a sensation of red, while 
light of only slightly longer wave-length 
cannot be perceived as light at all. The 
instincts of insects, however extraordinary, 
are for the most part nothing else but reflexes. 
The animal is turned out complete with the 
possibility of them, as a musical-box is 
turned out complete with the possibility of 
playing a definite but limited repertory of 
tunes. Its behaviour is part of its inherit- 
ance ; and just because it is so autoihalic, 
no more demands thought than does our 
withdrawal of a pricked finger from a needle, 
or the secretory activity of our pancreas 
when stimulated by secretin in the blood. 

The insect has its repertory of inborn 
tricks. It docs not have to learn them, 
however elaborate ; but in revenge the 
repertory is limited, and the tricks are so 
automatic that they easily fail in any unusual 
situation. The vertebrate has the trouble 
of learning by experience (which may be 
bitter), but in return it has a far greater 
range of possibilities open to it, a much more 
adaptable behaviour. 

It is interesting to find that the same rigid 
and narrow specialist adaptation to a 
particular way of life is seen in other depart- 
ments of insect life. This is particularly 
well marked as regards hearing. The ear 
of all higher vertebrates is sensitive to tones 
of a wide range of pitch ; and from the 
enormous variety of sounds which the animal 
is thus enabled to perceive it picks out those 
which have meaning for it. Among insects, 
comparatively few have hearing-organs at 
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all, and these, in some cases, are adanierf , 
perceive only the particular note t niitted t 
other animals of the species ; their world t 
sound is confined to one or two tonrs ^ 

We may reasonably assume that \Nhcn 
insect cannot satisfy one of its instincti? 
impulses it feels some sort of displeasure and 
if it is thwarted, experiences somethinn 
anger at whoever is doing the thwartinir- 
that it is somehow excited by the sight of 
prey or the smell of its mate, and ft^ls soin(- 
kind of satisfaction in the proper accom 
plishment of the behaviour its instincts forcr 
upon it. But of anything like a train of 
thought, rational or not, it cannot be capable 
And experience, even in the highest insects 
can do little except to put a polish, so ui 
speak, on the machine-made instincts alrcadv 
conferred on it by its genes. 

We can sum up this divergence between 
insect and vertebrate from another and 
rather different point of view. Behaviour 
and mind, no less than bodily structure and 
chemical physiology, have all in the long 
run been evolved in relation to their environ- 
ment. We need not beg a philosophical 
question and say they are determined by n. 
but at least they are conditioned by it. Uc 
very sense-organs, on whose inforinationwp 
depend to build up the highest fliglih of 
intellect or imagination, show this con- 
ditioning very clearly. No animal, Im 
instance, possesses any sense-organ for de- 
tecting whether a wire or a rail is canying 
an electric current or not ; and yet such 
knowledge is sometimes a matter of lile or 
death. The reason for this gap in out 
repertory is doubtless the fact that powcrlul 
electric phenomena (apart from lightning, 
which cannot be avoided) do not occur in 
life’s normal environment ; they liave only 
begun to exist in the last few decades. But 
had electric currents dangerous to life been 
running through the landscape during 
geological time, then animals, we can cob* 
fidently assert, would have evolved sense- 
organs to detect them. 

And the sense-organs which life docs 
possess are narrowly conditioned by 
facts of the lifeless environment. Sugar i!»| 
abundant in nature, and sugar-containing 
substances are nutritious . Hence we no 
only possess sense-organs capable of detecting 
a sweet taste, but we find sweet things agree- 
able. Had the nutritious sugars been rar 
in nature, and saccharine, which nsel 
for food purposes, been abundant, the sensa 
tion of swjfetness would doubtless not na\ 
been pleasant ; while if lead acetate 
sugar of lead, which is sweet but poisono 
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, the common sweet substance, 

ctnps'' would of necessity have been 
H' aerecMhle to the higher animals, for only 
h se wiili natures that found sweetness nasty 
have escaped being poisoned. As 
fi'ial correspondence between sense-organs 
^nd cnviionment let us mention the fact that 
of the energy which the sun radiates upon 
Hie surface of our earth, the ^ maximum 
intensity is of the wave-length which gives 
ns a sensation of greenish-yellow ; and this 
is right in the middle of the narrow range of 
radiations (only a single octave of them) to 
which our eyes are sensitive. If the sun 
were in a somewhat different stage of stellar 
evolution, and was sending out most of its 
energy in the form of orange or red rays, it 
15 likely that the range of radiation we can 
see would centre on red instead of on yellow. 
We should sec other colours beyond the red, 
and we should be blind to blue and violet. 

Organisms, in fact, are relative beings ; 
[hey have meaning in relation to their 
tiniionment, no meaning apart from it. 
\nd this relativity of life is just as pervading 
in regard to the senses and the mind as it 
l^ in regard to the mechanical construction 
ni a limb or the adaptive significance of a 
colour-scheme. 

Blit arthropods and vertebrates differ in 
ihcway in which mind and behaviour are 
fitted to the environment. Your arthropod 
IS born adapted. Turn back to page 120 
dd remind yourself of the battery of tools 
that grow out of the lobster’s body — walking 
bits and pincers, jaws of various kinds, 
'wiinmerets — each capable of doing some 
special thing. Get hold of a lobster and sec 
tbcm Ibr yourself if you can. The arthropod 
mind is rather like that. Contrast your own 
bind with the lobster’s organic tool-kit — it 
bas no sharp edges or crushing forces, none 
d the special structures with which a 
lobster’s limbs are so richly and variously 
provided. But it can move, plastically and 
sdaptably, and be turned to a great variety 
01 uses. Much the same can be said of your 
mind. It starts off comparatively unen- 
ournhered by special instinctive furniture, 
3nd adapts itself as you grow up by learning 
''bat to do. Your butterfly creeps out of 
me pupa-case in which it has shaped from 
mi almost unorganized pulp. It brings 
''mil It two pairs of wings, six pairs of legs, 
"0 antennae, and a highly specialized 
mouth-parts ; most remarkable 
y ^11, it brings a brain finished and complete. 
knoM s from the outset what it is to do and 
it is to do it. It never grows up or 
, it enters the life drama in fully 


adult form. Contrast your own first 
appearance. 

Those two types, butterfly and man, 
present the contrast of arthropod and 
mammal in its extremest form. All arthro- 
pods are mechanical as the butterfly is, but 
few vertebrates have a plasticity that even 
approaches our own. In studying the 
behaviour of arthropods we shall see how 
much is possible on the level of purely 
mechanical behaviour. Later, when we 
turn to vertebrates, we shall trace the 
gradual supersession of inflexible instinct by 
a new and more effective kind of mental 
organization. 


§ ^ 

An Anatomy of Instinct 

The complication of the actions which 
insects perform untaught, and in the absence 
of, all experience, has struck observers from 
tlie earliest times ; and it was the study of 
insect behaviour which played the dominant 
role in generating the concept of instinct 
which prevailed both in biology and in 
general thought for the best part of the 
eighteenth and nineteenth centuries. The 
concept was also modified by philosophical 
and theological notions, it being almost 
universally held, before the evolutionary idea 
came into prominence, that the actions of 
man were guided by reason, those of animals 
by a wholly different faculty called instinct, 
directly conferred upon them by God. How 
erroneous is the first part of this antithesis 
will become apparent in full force when wc 
study human behaviour ; and the last half- 
century’s detailed studies of animals have 
made it increasingly dubious whether the 
very term instinct should not be discarded. 

Addison reflected the general view of the 
eighteenth century when he wrote in the 
Spectator : “I look upon instinct as upon 
the principle of gravitation in bodies, which 
is not to be explained by any known 
quantities inherent in the bodies themselves, 
not from any laws of mechanism, but as an 
immediate impression from the first Mover 
and the Divine energy acting in the 
creatures.” 

To us, with the evolutionary idea as 
background, the facts of nervous physiology 
as foundation, a radically different approach 
is necessary. 

Let us take one or two examples of what 
are commonly called instincts. One of the 
• most illuminating is the spinning of a 
cocoon by caterpillars about to pupate. 
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Fig. 297. An elaborate instinct. i 

The spider-crabs disguise themselves by picking bits of weed, biting them off to the right length, and attaching on loj 
the little hooks with which their backs' and claws are covered. It has been shown by experiment that the action n puitly. 

instinctive. 


They have never seen their parents or a 
cocoon belonging to their species ; they 
cannot know by any form of experience that 
they are suddenly going to pass over into a 
passive pupa, with all their old organs in a 
state of dissolution ; nor that they will 
emerge from this second period of embryology 
as ,a winged insect which must escape from 
the cocoon and will have only a tongue, 
no jaws to bite its way out. 

And yet, what elaborateness of apparent 
precision ! The cocoons of the moth 
Saturnia pavo, for instance, protect the pupa 
by being exceedingly tough ; to make it 
possible for the winged adult to get out, the 
substance is fitted with an arrangement of 
spikes like that in a lobster-pot, but leading 
the other way, allowing egress and not 
ingress. Addison, confronted with such a 
cocoon, would doubtless have said that God 
had conferred upon the caterpillar a know- 
ledge of the mechanical principles involved 
in lobster-pof construction. 

In an attempt to become more scientific, 

. many naturalists later abandoned the view 
that the knowledge had been implanted by 
the Creator; in favour of the idea that* 
instinctive actions were inherited habits, 
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Previous generations had once done them 
consciously, deliberately, with effort ; the 
actions became gradually perfected, but at 
the same time more automatic, until they 
were done with the same efTortlessncss as 
that with which we achieve such difiicult 
but habitual tasks as talking or writing. 

But this view is untenable. For one 
thing, it demands the inheritance of acquired 
characters if it is to work, and that, as \yc 
have seen in Book 4, is something which m 
all probability does not happen. But ev^ 
if acquired characters were inheritef; 
matters would be little better. For no on( 
can seriously suppose that a caterpillar, to 
instance, can possibly know that he or sni 
is going to wake up one day as a wingcf 
butterfly, and can have the foresight t; 
make provision for this future event. It cai 
never have done its spinning work con 
sciously and deliberately, because it cai 
never have possessed the facts on whic 

The impossibility of there being knowkdR 
behind instinct is parhaps most pre 
illustratcdkvin the well-known case ot to 
yucca plant and its moth, Pronubn- 
yucca, or Spanish baypnd^ with its 0 
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jj.^5 of white befl?^ can only be fertilized 
k thf help of this particular moth. The 
female moth visits the yucca Bowers (each 
/which stays open only for one night), 
^oops up the pollen,^ which is rather sticky, 
ind knc«ids it into a pill, which she holds in 
1 pair of specially shaped appendages. Then 
he pierces the ovary of the flower with her 
ong ovipositor and lays three or four eggs 
ust betAveen the future seeds. And then, 
lying up to the pistil, she pokes the pollen- 
)all down into the cup which it conveniently 
)fars at its tip, and leaves it sticking there. 
;he then repeats the process with another 
lower. The pollen germinates, sends down 
is pollen-tubes, fertilizes the plant’s eggs, 
,nd the caterpillars that meanwhile hatch 
,com the moth’s eggs begin to eat the seeds. 

there are about two hundred seeds in one 
flower, and as each of the three or four 
caterpillars needs about twenty-five seeds, 
almost half are left over for the needs of the 
plant. The full-grown caterpillars eat their 
way out of the seed-capsule, let themselves 
down to the ground by a silk thread, and 
make themselves a cocoon there ; without 
caiiiig any more, they await the trans- 
formation to a pupa, which does not over- 
take them until the next summer ; and later 
in the season they emerge as moths, to mate 
■ and repeat the cycle. 

The association is one of mutual benefit, 
a reproductive symbiosis ; the action of the 
female moth in putting the pollen-ball on 
the pistil seems admirably purposeful, just 
her care not to kill the goose that lays 
the golden eggs, by only introducing three 
or four future grubs into each flower-capsule, 
seems admirably calculated. But when we 
renecl that the mother moth dies before the 
seeds mature, and that the moths of the 
next generation have never seen a yucca in 
ower before they begin their business of 
pollen-gathering and egg-laying, it becomes 
•ovious that foresight and reason can play 
Jjo part in the instinct — quite apart from 
le lact that experiments have decisively 
siown that no insect is capable of drawing 
suci (onclusions as the moth would have to 
raw ]f it vyere really being intelligent on 
'^0 acts presented to it. We have no more 
nf that the moth is being 

intelligent in its actions than 
y^ca is being purposeflil and 
nreihgcnt m Rowing a pistil with a cup at 
on receive the pollen ; or, to confine 
to the moth, we have no more 
to find proof of intelligence in its 
Pron*^^ Pt^ttitig the yucca pollen in the 
place than in its growing the special 


^pendage with which to manipulate the 

. gist of the matter ; an 

instinct IS, hke a leg or a gland or an adaptive 
colour-pattern, one of the tools of the 
species ; it merely happens to be a bit of 
behaviour-machinery instead, of a bit of 
engineering or chemical machinery. It is 
the outcome of the animal’s nervous con- 
struction, as the leg ^nd its working is the 
outcome of its mechanical construction. It 
IS a bit of nerve-clockwork. 

As such, instincts can be polished up, 
altered, specialized by the same evolutionary 
agencies as limbs or glands. If we believe 
that natural processes, such as variation and 
selection, can account for the existence of 
adaptive structure or colours, we need have 
no difficulty in thinking that the same 
processes can account for adaptive instincts, 

In the same way, the leaf-insect does not 
say to himself : “ Every day in every way 
I will look more and more like a leaf” ; or 
the bug that grows a sham ant on its thorax 
deliberately pretend to be an ant. That 
was all worked out for it by the forces that 
mould the species, no more and no less than 
were the levers of our arm-bones or the 
light-focusing apparatus of our eyes. In 
fact, the ant-bug has got such poor eyes 
that it is probably quite incapable of forming 
an image of an ant nearly as accurate as 
the imitation he grows on his thorax. It is 
the sharp eyes of the birds that have ensured 
the bug’s likeness to the ant, not any volition 
or intelligence on his part. Nor is there 
any more proof of intelligence in the be- 
haviour that goes with the colour to make it 
protective. The young plover that at the 
sign of danger crouches down on the shingle 
into invisibility will do the same on a carpet 
or a lawn where it is extremely conspicuous. 
The stick-insect will stiffen into the re- 
semblance of a twig whenever it is illumin- 
ated, and stay thus rigid so long as it is 
illuminated — and this whether it is among 
twigs, or on the laboratory bench, or exposed 
to the eyes of its enemies on an open path. 
The mother bird that trails one wing as if 
wounded in front of an intruder is not 
deliberately simulating injury ; she is carry-- 
ing out an inborn method of response. 

Here the curious fact (already mentioned 
in Book 8 , Chap. 2, § 6 ) that prawns will 
creep to the positive pole if a weak electric 
current passes through their tank, is illumin- 
ating. Obviously there is no advantage in 
* their going to that pole, Under natural 
conditions such circumstances never arise ; 
it may be said with certainty that no more^ 
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than a few hundreds of prawns out of the 
myriads that have lived on earth have ever 
had an opportunity of exhibiting their 
galvanotropism. Yet the phenomenon de- 
pends on a property common to all prawns 
— upon the way the nerve-fibres happen to 
be arranged in their central ganglia. It is 
a necessary consequence of their anatomy. 
The instincts that we are discussing are 
really only more complicated instances of the 
same kind of thing ; the animals are so 
made that, given a certain combination of 
circumstances, they will — and must — behave 
in a certain way. Just as the colouring of a 
leaf-insect or a young plover depends on the 
way its pigments are disposed, so the actions 
of a cocoon-spinning caterpillar or of a 
female yucca moth depend on the way their 
inner protoplasmic telephone system is 
planned. 

The absurdly automatic nature of insect 
behaviour is well illustrated by the mating 
reactions of certain moths in which the males 
smell out the female by the aid of their huge 
feathery antennae. So acute is their sense 
of smell that males will come from more than 
a mile away to flit round an empty box in 
which a female has been confined. If a 
male be put with a female in a cage, mating 
will follow in due course. If the male’s 
antennae be cut off, however, he is incapable 
of recognizing the female as such — or rather, 
his antennae arc the one channel through 
which the mating reaction can be stimulated, 
so that without them his sex-behaviour can- 
not be set going. Most remarkable of all, 
however, is his reaction to the two little 
scent-organs which the female possesses near 
the tip of her abdomen. If these be cut 
out (an operation which does not seem to 
incommode the female) and they and the 
operated female are put in a cage with a 
normal male not deprived of his antennae, 
he will pay no attention to the female, but 
will make vain attempts to mate with the 
two little scent glands. It is all so different 
from human reactions that we can scarcely 
grasp it. But if we want to understand the 
world of insects, we must try to grasp it. 
We have to realize that the male moth has 
no idea of a mate ; he merely possesses 
mating reactions ; and these are fired off 
by one stimulus and one only — a particular 
smell. 

When a bee stings, a similar automatism 
is revealed. The actual mechanism of 
stinging is purely reflex. If a worker-bee 
stings a man, it leaves its sting in the wound ; 
and the isolated organ there continues to 
execute the same movements as during the 
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first piercing of the skin, so pierrin^ 
into the flesh. When the 
keeper is stung, he therefore maW s hast, f 
extract the sting at once. J'his .'V' 
machinery is, however, normaUy held und 
higher control. A bee whose brain has be^ 
extirpated, has had its chief inhibiting centr! 
removed ; and it puts itself without ceasin 
through its various reflex paces, deanin 
Itself, protruding its sting, walking restlessh 
about, fanning its wings, and so forth. 

Higher vertebrates have instincts just aj 
much as insects. But in them, the instinct 
is rarely so machine-made ; it is flexible at 
its two ends, both as regards the situations 
which call it out and the methods adopted 
to execute it. And the process continues 
until in man nothing is left but the most 
central part of the instinct, the instinctive 
impulse like fear or attraction or anger which 
pushes one on to act in a certain general 
way when confronted with a certain general 
kind of situation. Nothing approaching this 
flexibility is seen in any insect. Men have 
trained performing fleas ; but the fleas are 
merely crawling or hopping along in the 
ordinary way while harnessed to a miniature 
carriage. No one could train a flea or anv 
other insect to do anything so different from 
its ordinary activities as shamming dead or 
jumping up at the word of command, like 
a dog, or bicycling, like a performing bcar,| 
or sitting up at table and politely pa.ssing: 
the plates like the young chimpanzees at the 
London Zoo. Insects have elaborate in- 
stincts because they have no elaborate brains 
to be intelligent. 

I'his lack of intelligence is most cleaiiv 
seen in those numerous instances in which 
an instinct, beautifully adapted to the 
ordinary conditions of the possessor’s life, 
makes default and even acts wasletiilly or 
harmfully, when the conditions are changed 
— even though the least glimmer of iniclh* 
gence would have set matters right. 

In one species of solitary bee, each mother 
builds a mud cell which she fills witli honey 
and pollen up to a certain level ; then she 
lays an egg on the food ; and then seals the 
cell up. An observer broke open a ce 
while the bee was away. On her returii, 
she noticed the hole, for she explored 1 
thoroughly with her antennae. But she ha 
not the sense to mend it. She procee e 
with her business of food-gathering, 
after load of food being deposited m 
cell only to fall through the open 0 • 

When shcfiad brought the regulation n>im 

of loads, she laid an egg, and scaled np 
foodless cell. As with the solitary wasps 
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II shortlv describe, the normal behaviour 
rhain of actions, each determined by the 
before each determining the one after, 
fis adaptive, but not purposeful. 

L even more obvious example of clock- 
* , instinct is provided by certain cocoon- 
tinninff caterpillars. If the animal is 
^Lrrupted in the middle of its task and 
Jhe half-finished cocoon removed, it will 
not begin again from the beginning, but 
spin only what remained for it to do, 
in spite of ‘the fact that the half-cocoon it 
produces is completely useless for protection. 

Ford describes how, when a battle is 
raffing between different kinds of ants, you 
fiin decapitate two of the combatants, and 
the heads will go on trying to fight each 
other for some minutes. That perhaps 
depends as much upon the fact that insects 
aet their oxygen by air-tubes, and not in 
blood, as upon the reflex nature of their 
behaviour. But what are we to think of the 
woiker-wasp who was imprisoned with a 
[rrub of its own species, but without food ? 
It wanted to feed the young wasp, but was 
111 evident perplexity how to do so. Eventu- 
ally it bit off the grub’s hind end, and 
oilered it to the front end ! 

There we may leave our anatomy of 
imtinet. We shall describe a great variety 
of insect instincts in subsequent sections ; 
hut they are all variations on the same 
ilifmc ; they arc all behaviour which is in 
liir main the rigid outcome of inherited 
iicrve-structurc. We should find the same 
machinery of behaviour at work in other 
ffroups. Tliere are the hermit-crabs which 
h.ne the instinct to find shells as houses for 
hicir unprotected abdomen, the other crabs 
"hich go about, one sort with stinging sea- 
^incniones held as knuckledusters in its claws, 
another sort with a distasteful garlic-smelling 
sponge. There are the octopuses which 
the instinct to build themselves a little 
ol .stones, behind which they can lurk 
jnsecn ; but if you give them bits of glass, 
1^’ will build their rampart as readily with 
although it is transparent and lets 
1? ^ccupant be seen. There is the elaborate 
kgnt-instinct of the squid, with its ejection 
ink and a right-angled turn at the crucial 
which we have already described 
^^pk o, Chap. 3 , § 2 ). There are the 
fistmcis of spiders, which rival those of 
fjsects in their elaborateness. The com- 
|ination of structure with appropriate in- 
inct IS beautifully seen in a burrowing 
r abdomen ends behind in a 

fiat plate ; and it uses this as its front 
b> block the entry to its burrow. There 


are the web-spiders, which build their 
wonderful snares without ever being taught • 
the common garden spider usually builds 
two new nets a day, one in the morning and 
one in the afternoon, for its many weeks 
of life. 

But it is in the Hymenoptera, the ants, 
wasps, and bees, and in the termites that 
rigid instinct attains its highest levels of 
intricacy. First we will consider the very 
interesting mechanism of the solitary wasps 
and then pass to the complex interplay of 
the social insects. 


§ 3 

Solitary Wasps 

Most wasps are solitary ; only a few are 
social. You may read an excellent account 
of their ways in G. and E. Peckham’s Wasps, 
or (together with many other vivid and 
illuminating descriptions of insect behaviour) 
in the works of Fabrc. 

The almost universal characteristic of 
solitary wasps, out of which the social habit 
has evolved, is their provision of food for 
their young. And though the adults live 
mainly or solely upon fruit or the nectar of 
flowers, the growing grubs are universally 
carnivorous. In solitary wasps there are no 
neuter workers. The males have but one 
biological duty — to impregnate the females. 
The females, once charged with a store of 
sperms, make burrows in the ground or in 
walls or tree- trunks. They then hunt for 
prey, which may be spiders, caterpillars or 
ants, flics, moths, plant-lice or other arthro- 
pods, and sting them through the nerve- 
centres in their nerve-cords, a procedure 
which kills in some species but which usually 
paralyses without killing. The paralysed 
prey is then put in the burrow, and an egg 
laid on it or beside it. In most cases the 
burrow is then sealed up and abandoned, 
so that the parent makes provision for an 
offspring it will never see. Each species of 
solitary wasp — and there are many hundreds 
— chooses a particular kind of situation for 
its nest, hunts only one kind of prey, and 
makes and seals its burrow in its own 
characteristic way. 

All the wasps of the genus Ammophila, for 
instance, confine themselves to caterpillar- 
hunting. They first make a nest in the soil. 
Then they seal it up with sand, take a flight 
round to fix the neighbourhood in their 
memory, and depart to hunt for caterpillars. 
This is not a light task. Although the wasps 
spend most of their time running up and 
down likely plants examining the under- 
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had there been any grass or other covering 
near it might have reached a place of partial 
safety ; but there was no shelter within 
reach, and at the fifth attack the wasp 
succeeded in alighting over it, near the 
anterior end, and in grasping its body firmly 
in her mandibles. Standing high on her 
long legs and disregarding the continued 
struggles of her victim, she lifted it from the 
ground, curved the end of her abdomen 
under its body, and darted her sting between 
the third and fourth segments. From this 
instant there was a complete cessation of 
movement on the part of the unfortunate 
caterpillar. Limp and helpless, it could 
offer no further opposition to the will of its 
conqueror. For some moments the wasp 
remained motionless, and then, withdrawing 
her sting, she plunged it successively between 
the third and second, and between the 
second and the first segments. 

“ The caterpillar was now left lying on 
the ground. For a moment the wasp circled 
above it, and then, descending, seized it 
again, farther back this time, and with 
great deliberation and nicety of action, gave 
it four more stings, beginning between the 
ninth and tenth segments and progressing 
backward.” 

After this she gave herself a thorough 
toilet ; and then proceeded to bite at the 
neck of her victim, pinching it repeatedly 
between her strong mandibles. 

The paralysed caterpillar, though much 
heavier than the wasp, is then dragged 
across country, through jungles of grass- 
stems, to the nest, which has been previously 
scaled up. One wasp was watched dragging 
its prey nearly a hundred yards, which took 
over two hours. When the nest is reached 
it is opened, the prey pushed in, an egg 
laid on it, and the nest-opening carefully 
sealed up again. A second caterpillar is 
, usually brought later to the same nest, as 
one is not enough for the young grub. 

I Fabre had described his French Ammo- 
^^hilas as stinging their prey with an uncanny 
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Fabre was here at fault, or at least that the 
conclusions he drew arc not in the least 
general. In the American Ammophilas the 
stinging is much more variable, both in 
execution and results, than he records. The 
instinct of the wasp, it seems, is simply to 
thrust its sting into the lower surface of the 
caterpillar (the sting goes in most easily at 
the joints between the segments of the body), 
and to go on doing so at different places, 
until its victim becomes more or less limp. ! 
Sometimes the wasp is content with a sinf^le ^ 
sting, sometimes it stings the caterpillar 
between all of its thirteen segments. 

And not more than half of the stung 
caterpillars observed by the Peckhams lived 
on in a paralysed state. Some of them 
reared and rolled about violently when 
the wasp-grub began to take mouthfuls I 
out of them ; others died quite soon and 
became decomposed before the wasp-grub 
had finished its growth. In both cases, 
however, the grub’s development was not 
prevented. So long as the victims are not 
fully active, and so long as most of them do 
not decay prematurely, the method will 
work. The quasi-miraculous accuracy of 
the wasp’s surgery turns out to be a rough- 
and-ready reflex of no great complexity or 
regularity : the wasp has no surgical know- 
ledge of the insides oi caterpillars, but merely 
displays a reaction t6 the feel of their bodies. 
The same simplicity of behaviour is seen m 
those species that provide spiders for their 
grubs : they react to captured prey by 
thrusting their sting into the lower surface 
of the spider’s fore-part As the nerve- 
centres of spiders are concentrated in a single 
mass surrounding the gullet, the sting wi 
in nine cases out of ten pierce soine part o 
this comjpound centre and so achieve some 
degree of paralysis. .. 

The instinctive and machine-like 
of most of their behaviour was clearly sno 
by some experiments of Fabre on the w^F 
Sphex, '^ch hunts crickets. Wimn 
Sphex has brought a |)ai*alysori cricke 
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Z wasp came out, fetched the cricket back 
[ the threshold, and went inside again— 
r ^hich Fabrc again moved the cricket 
r He repeated the procedure forty 
imes always with the same result ; the 
vasp’ never thought of pulling the cricket 
traight in. Drag cricket to the threshold 
p in -pop out— puli cricket in : the 
equeiice of actions seems to be like a set 
)f cog-wheels, each arranged to set the next 
)ne going, but permitting of no variation. 
The Peckhams repeated the experiment 
^viih an American Sphex. This creature 
A-as not quite so automatic, for after her 
jrey had been moved a number of times, 
ihe did drag it straight into the burrow. 

These wasps have a certain power of 
earning, as shown by their memory for the 
lurroundings of their nest : and some of 
hem at least can modify their behaviour in 
i way which shows the beginnings of in- 
olligence. But the main flow of behaviour 
s automatic. All that experience does is 
io change a detail here and there : and the 
change is made as it were under protest, 
and only after many repetitions. 

The same cogging up of behaviour in a 
rigid sequence of actions was found by the 
Peckhams in Pompilius quinquenotatusy one of 
ihe spider-hunting wasps, which has the 
instinct to hang its prey in the crotch of a 
grass-plant. This species only digs a burrow 
ifter catching its spider, and the hanging 
np of the prey serves to keep it from being 
'tnlen by ants while the wasp is busy digging. 

11 a paralysed spider is removed from the 
t'rotch where the wasp has hung it, and an 
uninjured spider substituted, this latter will 
usually remain quiet for a time, as it reacts 
fo handling by “ shimming dead.” The 
wasp comes back in due course, and in 
5ume way notices the difference. But in- 
stead of stinging the new spider, she refuses 
to have anything to do with it (this is not 
one to the spider haying been handled, as 
was readily shown by experiment), and flies 
oh to find another. When she comes back 
whh the new prey, instead of using the 
sorrow she has just made, she digs another, 
^^0 again an invisible sequence must, it 
be preserved. Only a paralysed 
spider in a grass-crotch releases the reaction 
0 drag the prey into the next. An un- 
P^ralysed spider in a crotch is not a normal 
Poouomenon, and interrupts the whole 


II^'VERTJ 


jrates behave 


the hangmg up of a 
.yi^ysed , spider provides the stimulus for 
« ;:thc next action m the sequence, the digging 
1C, pf the, burrow ; and this is called out, even 
11 a perfectly good empty burrow is waiting. 

Among individuals of a single species 
there is a good deal of variation in instinct, 
just as there may be in colour or size ; but 
in a single individual the instinct is, within 
very narjow limits, fixed and rigid. * 

§4 

Insect Societies 

We come now to the most intercstmg|| 
aspect of arthropod behaviour, the forma- 
tion of co-operative communities of insects 
which store food and have a real economic 
life. 

The incipient stages of sociality, in which 
parents remain with and look after their 
young, are to be found here and there in 
many orders of insects, such as earwigs and 
some beetles. But true social life, in which 
the young stay on with their parents and 
help with further broods, is known in two 
groups only. One is the Hymenoptera, 
which includes ants, bees, wasps, and 
ichneumons. The other, the Isoptera, a 
very different order allied to the cockroaches, 
consists of the termites, often miscalled white 
ants. 

But there is a still further degree of insect 
social life. Some of the young may be 
transformed into unsexed neuters, who take 
upon themselves all the duties of the colony 
except that of reproduction. 

The ants are the most specialized and 
the most successful of all social units. We 
will begin with some account of them, and 
then pass to the termites as a remarkable 
example of parallel independent evolution. 
We shall next deal, very briefly, with some 
interesting facts about bees. The social 
wasps, a further variant of the social theme, 
will demand no more than incidental men- 
tion. 

All ants, like all human beings, are social 
animals. Many people seem to imagine 
that ants are like miniature men — that there 
are a number of ant races, some practising 
one mode of life, some another, but all part 
of one big single group. This is very far 
from being the case. There are over three 
thousand five hundred separate species of 
ants already known to science, each one a 
biological unit pursuing its own independent 
path, incapable of interbreeding with anj 
other. c 

These various species show an extra^ 
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ordinary diversity of size and structure. 
The largest worker-ants weigh about a 
fiftieth part of an ounce — four or five 
thousand times as much as the smallest. 
There are^ome worker-ants with formidable 
grinding mandibles for chewing up grain, 
others with sabres for piercing their enemies’ 
heads, others with leaf-cutting scissors for 
jaws. There are those with huge heads 
^nd those with tiny heads, those wth squat 
bodies and those with slender bodies. For 
we must not forget that, in striking contrast 
with men, ants have to be built for their 
jobs. They do not make tools ; they grow 
^ them as parts of their bodies. Almost all 
ants, for instance, have an antenna-comb, 
an ingenious gadget for holding their 
sensitive antennae and combing them free of 
dirt, which is built into one pair of their 
legs. Two or three kinds of ants have huge 
heads expanding to end forwards in a round, 
flat, hard surface. These creatures station 
themselves at the entrances to the nest, 
which they block completely with their 
heads, moving aside when another worker 
taps them with its antennae. They are 
porters and doors in one. 

Each species of ant is thus built specially 
for its own particular kind of life and is 
quite unadaptable to any other. Even 
within the single community there is the 
same kind of specialized physical diversity. 
Only the males and females have wings ; 
the neuters grow up wingless. The neuters 
have much bigger brains than the males or 
the queens ; but, as they never have to fly, 
their eyes are smaller. In an ant called 
Carebara, the neuters are minute ; they 
are only about one-thousandth of the bulk 
of the queen. It is as if Lilliput were not 
only sober reality, but as if Lilliputians 
lived side by side with normal-sized men and 
women to make up a single human com- 
munity. 

Even within the neuter caste there may 
be markedly different sub-castes. Con- 
trasted with the more ordinary-looking 
workers, there may be soldiers, larger, with 
portentous heads, and battle-axes for jaws. 
In such creatures as Atta, the leaf-cutting 
ant, there is a huge range of neuter size 
and structure. In this genus we can if we 
like distinguish soldiers, worker majors, 
worker minors, and the tiny worker minimae ; 
but the different forms are actually connected 
by every possible gradation. In more 
specialized cases, soldiers and workers may 
be sharply marked off from each other, with 
a gap between. 

This physical diversity goes hand in hand 
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with diversity of behaviour. T’h{^ ^ , 
do nothing but fertilize the queens when tl 
time comes. The queens lay eggs cirmallv 
The workers have the instinct of tendiriir th ' 
young, the soldiers are impelled to bite and 
snap in defence of the colony. The workers 
of one kind of ant keep ant-cows, but never 
look at grain or make raids on other ants 
Those of a second are only graminivorous 
those of a third live by slave-labour. Thus 
the division of labour in an ant-community 
unlike the division of labour in a Imman 
community, is based on marked, inborn 
individual differences of structure and in- 
stinctive behaviour between its members. 

The way in which the ant-stock exploits 
the resources of the world is equally different 
from the human way : it does so by splittlncr 
up into thousands of separate species, each 
with its own inborn peculiarities, instead of 
remaining one species with branches differ- 
ing only in their acquirements of tradition 
and culture. 

The neuters of ants, bees, and wasps are 
not a third sex ; they are sterilized females, 
which develop with rudimentary ovaries 
and oviducts. The difference between Ihein 
and the fertile females, the queens, seems 
to be brought about solely by feeding. This 
we know for certain in bees. Female bee- 
grubs fed on “ royal jelly,” which contains 
more pollen and, therefore, more protein, 
grow into queens, those fed on a less protein- 
rich diet grow into workers. The constitu- 
tion of the female bee is so devised that it 
has these two possibilities of expression to 
be unlocked by the keys of two different 
diets. 

Bees have only one sort of worker, but 
among ants further differences obtain, givinp; 
soldiers and workers of different types. 
While the difference between queen and 
neuter seems to be due to a difference in 
the quality of food, that between worker 
and soldier depends apparently on differences 
in quantity. Where there exists a gradation 
between worker and soldier, we find that the 
proportionate size of the head goes up with 
the absolute size of the whole body, just as 
we found for the big claw of the fiddler* 
crab (Fig. 188). The developmental 
machinery is so set that keeping the grubs 
underfed and making them pupate when 
quite small will lead to a creature witli 
relatively tiny head, while fattening them 
to the greatest possible size will mean that 
the neuter into which they metamorphose 
must not onJ^.be big but big-headed. 

The difference between female (whether 
neuter or queen) and male, however, depen s 
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on heredity. But the method of sex-deter- 
mination is different from the normal. 
Instead of the male having one chromosome 
less than the female, he has a whole set of 
chromosomes less ; for he arises from an 

unfertilized egg. 

The eggs of these social insects are unique 
jn the animal kingdom, for they will 
develop equally well whether fertilized or 
no; they can be parthenogetic, but do 
not need to be. Unfertilized eggs always 
turn into males, fertilized into females. 
Whether an egg shall be fertilized or no is 
controlled by the queen as she lays it. 
The queen, in bees and wasps as well as 
in ants, mates once only in her life — during 
her “ nuptial flight.’* The population of 
spermatozoa she then receives is stored in a 
little purse, opening off the oviduct, with 
purse-strings of muscle round its neck. In 
(his they live for all the rest of the queen’s 
life “-a period that may extend to several 
years ; seventeen years is the . longest 
lecorded. If an egg is to grow into a 
lernalc, the sphincter is relaxed an instant 
as the egg passes across the bagful of sperms, 
a few sperms escape, and one fertilizes it. 
If It is to grow into a male, the sphincter is 
kept tight shut, and the egg pursues its 
parihenogcnetic way. 

There is a reason for this. The ordinary 
methods of sex-determination inevitably 
i:ivc equal proportions of males and females. 
But the states of ant, bee, and wasp are based 
on the labour of sterilized females. What 
should they do with a huge population of 
useless males, when a few score are ample 
to perpetuate the race ? The problem has 
Been neatly solved by the adoption of this 
other method, in which the proportion of 
the sexes can be varied as desired. 

J he way an ant-community develops is 
as follows : Swarms of winged males and 
virgin females fly out of their nests (leaving 
an excited population of workers round the 
door-ways) and up into the air for the only 
night of their lives. Nuptial hordes issue at 
me same time from all the nests over a large 
; this simultaneous flight is prompted 
apparently by special weather conditions, 
and certainly promotes cross-fertilization 
letween different nests. Queen ants differ 
rom queen bees in permitting several 
^ales to mate with them, one after the other. 

non this polygamous flight is over, the 
jnales drift off to perish of starvation. Of 

Irmales, some return to t}ieir old nests 
j.nr in ant-societies many fertile queens may 
vc and lay in mutual tolerance within a 
^ngln nest) ; others fail to find their way 


home, and proceed to found new colonies. 

K I find a. sheltered spot, creep in and 
break off their wmgs at a pre-formed plane 
of weakness. For weeb they take no food, 
but hve, ripen their first eggs and feed the 
first batch of young grubs at the expense 
^ the material produced by their degenerat- 
ing wing-muscles. The first grubs pupate 
and turn into workers. These at once, 
without any instruction, take over all the 
duties of the nest-building galleries, keeping 
the place clean, and tending the young. 
From now on the queen does nothing what- 
ever for the community but lay eggs. 

In bees and wasps the nests are often * 
beautifully regular, and always contain rows 
upon rows of developmental cubicles for 
the young. Every member of the colony 
lives boxed up in his or her or its private 
cell from first egg-hood to adult emergence. 
But in ants the nests, often subterranean, 
consist of an irregular network of galleries 
and chambers, and they never contain special 
cells for the grubs. Ant-homes thus lack a 
certain picturesqueness to be seen in the 
hive, but in both respects the ant is really 
more advanced than the bee or wasp. The 
irregularity of the nest allows much greater 
plasticity, more freedom in adjusting means 
to ends ; and the young, not being confined 
to one spot, can be taken from chamber to 
chamber as conditions demand, or even given 
an airing or sunning out of doors. 

What interests us most of all, however, is 
to find what keeps the ant-community 
together, how its social and economic life 
is organized and unified. In human societies 
there is an economic nexus, of goods and 
services and money ; there are sentiments 
of patriotism and social devotion ; there is 
education at home and at school, to fit the 
growing child for his life as a social being 
and to train him for a particular career. 

It is wholly^ different with the ants. 
Among them there is no education. The 
workers, it is true, can learn to modify 
their behaviour to cope with certain un- 
accustomed situations, but the modification 
is slight, and when the shroud-like covering 
of their pupal life is stripped off them by 
their nurses they emerge fully equipped with 
the instincts needed to carry on with the 
work of nest-building and food-gathering 
and nursing. The division of labour, again, 
which in human communities is the result 
of special training, is, among ants, the im- 
mediate result of inborn differences in 
structure and instincts. 

Then ants have a sort of patriotism ; but 
it seems to be based entirely upon smell. 

figs 



Ants which by some means or other have raise the fore^parts of their bodies 
acquir^ the characteristic nest-smell are their mouths are close together and 
tolerated and treated as fellow-citizens ; second ant will produce froni its mouth ^ 
those which have not this shibboleth, even drop of liquid which the other will swullo ? 
if they belong to the same species, are This liquid it pumps up , from its ci\)d'' 
attacked and killed. By putting a number large reservoir in the fronllof its abdomerf 

of pup« of different kinds of ants together, between gullet and true stomach. Ford 

an artificial mixed ant-state can be pro- calls it the “ social stomach,’* because any 
duced. The animals on emergence all food which it contains is part of a common 
acquire the same smell and live together in store, available for any other ants which 

come begging. Only when Ibod 
passes the valve from crop 
true stomach is it digested and 
utilized by the private in- 
dividual. When honey coloured 
blue with a harmless dye is 
given to ants, the blue crop can 
be seen through the thin parts 
of the abdominal walls. If a 
few ants are fed on such dyed 
honey, within a couple of days 
practically every ant in the 
community y^ll show a pale blue 
tinge, showing how vigorous is 
the exchanging of food. There 
is in fiict a circulation of food 




Fig. 298. Scenes from ant 4 ije. 

(i) Wofk^s of the ant (Ecophylla upahin^ their nest. The nest is made of 
leaves. One set of idorkers is pulling, the two sides of the rent together ^ others 
aremng grubs as scccoiine-tubes to stick the leaves together. {2A) Colobopsis 
at home. This Texan ant makes iLs nest in live-oak gallSy i to inches 
across. One gall is here represented as if cut across. A soldier is using its 
head to plug the entrance {below on the right), (ui?) A 'fmier ” soldier 
enlarged to show how itc head is modified to serve as a door. 

amity, though in nature they would fight to exchanged 
the death. Blood is thicker than water ; of the foo 
but for ants at least smell is more powerful this fractio 
than bl(wd. fully diges 

Ants have an economic life, too ; this is As with 
based entirely upon direct exchanges of assimilable 
food. If you watch ants in an observ’ation passage t] 

nest, you will often see one ant go up to the rest i 

pother and stroke it with its antennae, consumptii 

This is a solicitation of food. If the second is digested 

ant is well-fed, it will 3top j the two will the so-call< 
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within the colony very nearly 
as essential as the circulation of 
blood in the human body; 
and the altruistic instincts of I 
the separate members of tht 
colony are reinforced by the 
tangible economics of fo(ul- 
services rendered and received, 
Each particle of food is proba- 
' bly swallowed and regurgitated 
half a dozen times or so before 
it finally passes to be digested ; 
the ants appear to have the 
2® sense of taste well developed, 
so that this multiplies six times 
the collective pleasure the) 
t/ » made of derive from food. 

)getkery others All social insects have some 
A) Colobopsis system of food-exchange, hi 

to inches and becs it is confined to a 

passing of crop contents from 
door. mouth to mouth. In termit^ 

it is more elaborate, for food is 
exchanged in many states and forms. Some 
of the food is regurgitated, as in ants ; but 
this fraction is only partially digested. More 
fully digested food is dispensed at the anus. 
As with the ant-cows, only part of the 
assimilable substances are absorbed in the 
passage through the animal’s 6wn gut j 
the rest is passed out behind for others’ 
consumpti( 5 ilw Then some of the food which 
is digested and absorbed is worked up io 
the so-called salivary ^ands into a nutritive 
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liquid Nvhich one tcrtmte wdl produce for therefore get at the rich currents of plant- 

anotiin ’s benefit And some castes at least sap. Aphids and coccids, however, have a 

^xude tatty substances from their skin, which proboscis dcsiped for this purpose ; they 

are iK^t only agreeable, but enable the differ- sit tight, anchored by their tongues, and 

.nt c.l^tes, in the unending darkness of the pump themselves full of nutritive liquid. 

„esi, to recogniJKp each other by their taste. They are, however, wasteful in their internal 

I he ddference between the food-exchanges of arrangements. Much of the nutriment 

mits and termites is like the difference remains undigested, and is passed out in 

between a monetary system with only one the form of little drops of sweet liquid, 

kind of currency, like cowrie shells, and one so-called honey-dew. Ants have always had 

with copper, isilver, and notes. 


In wasps we get an interesting 
variation. There is no exchange be- 
tween adult and adult, but there is 
between adult and young. After a 
i worker has fed a grub, it taps its head 
I and tlie grub gives out a drop of 
slih^htly sweet liquid from its salivary 
glands, which the worker eagerly licks 
up. This difference from ant or bee 
practice is connected with wasp diet, 
which is mainly flesh. The growing 
grub needs protein for its growth ; the 
adult wasp need^ chiefly sugars and 
such-like fuels for its muscles. The 
grub, by returning part of its food in 
the form of sugary liquid, not only 
piovidcs a bribe to keep the worker at 
Its nursemaid work, but helps in dis- 
tributing the available food economi- 
|. tally. Sometimes the workers cheat, 

I and try to get the grub to produce 
the sweet bribe without feeding it. 
Occasionally they succeed ; but for 
the most part the system works as an 
economic system should, to encourage 
legitimate business. 

§ 5 

IVaj^s of Life Among Ants 



I he ways of ant-life are various in 
the extreme. Most of their species are 
general foragers, picking up what mis- 
cellaneous small animal prey they can 
hi^id. But there are many which 
have specialized. Certain ants, unique 
^mong sub-human animals, keep 
domestic animals. Man, a vertebrate, 
domesticates other vertebrates ; ants 
domesticate other insects. The commonest 
^nt-cows (as Linnaeus first dubbed them) are 
plant-lice or aphids, but coccids or scale- 
insects arc ako kept. We keep cattle in 
order that they may transform grass, inedible 
os, into edible milk and meat. The ants 
plant-'lice and coccids to tap the re- 
sources of the plants. No ant has developed 
sucking mouth-parts ; their jaws are all 
built 6ri the bitittg plan. They cannot 


Fig. 299. Scenes from ant 4 ife. 

(3) The beginning of a colony of wood-ants. A queen after her 
nuptial flight has broken ojf her wingSy imprisoned herself in an 
underground cell, and laid her eggs. Of the grubs that hatch out 
she gives one much more food than the rest, in order that she may 
have a worker to assist her as soon as possible. (4) A queen 
Carebara, whose workers ate less than a thousand times her wiight. 
She is leaving on her nuptial flight, and a number of workers are 
clinging to the hairs on her legs. 


a reputation for thrift, and they do not 
tolerate this waste. They lick the sugary 
mess off the leaves ; or they catch the drop 
as it emerges from the aphis ; or, last stage 
of all, they “ milk ” their cows, caressing 
them abdominally with their antennae, upon 
which the ant-cows void their liquid contents. 

The more specialized among pastoral ants 

S domesticate their insect-cattle. Some 
little wood-pulp staWes over them, 
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and may connect the stables with the nest 
by covered passages. Others excavate 
underground chambers and set their cattle 
to exploit roots. And some tend the aphis 
eggs through the winter and put them out 
on plants when they hatch in spring. 

Then there are the agricultural ants. In 
these, the larger workers climb trees, cut 
bits out of leaves, and bring them home held 
aloft like green umbrellas ; in the nest they 
are chopped up fine and turned into regular 
beds of leaf-mould by the smallest workers. 

On these beds, which are suspended from 
the roofs of special subterranean chambers, 
the ants grow a fungus, a white meshwork 
of filaments. This, if left to itself, fruits in 
the form of a large toadstool. But so long 
as the ants have it under cultivation, it 
never fruits. They plant it on the chewed-up 
leaves, they weed the beds of other moulds, 
they manure them with their own excrement, 
and they treat the precious vegetable so 
that it grows in a peculiar way, with little 
knobbed heads. It is these knobs wliich 
the ants especially fancy as food, and on 
which they almost entirely subsist. These 
underground fungus-gardens are connected 
with the outer air by ventilating shafts, 
which are closed or opened to regulate the 
temperature and the moisture. 

When the queens of these agriculturalists 
are preparing to leave the nest on their 
nuptial flight, they take a good meal of the 
fungus. A mass of the filaments and of the 
leaf-mould on which they grow is collected 
in a little pocket in the floor of the mouth. 
This pocket is present in all ants, and serves 
to collect dirt and solid particles out of the 
food (for no ant ever swallows any food 
that is not in the liquid state) ; when the 
pocket is full the contained pellet is ejected 
on a rubbish-heap outside the nest. After 
the agricultural queen is fertilized, she 
excavates a little earthen chamber, and 
snaps off her wings. She voids the fungus- 
pellet on to the floor of the chamber, manures 
it with her own dung, and keeps the fungus 
going until the eggs she lays hatch out into 
grubs ; she feeds them with bits of fungus- 
heads. The grubs pupate and turn into 
workers. These, all untaught and without 
a previous glimpse of a leaf, sally out, cut 
leaves, chop them up, and add to the garden. 

Fungi grow readily in the humid atmo- 
sphere of an ants* subterranean city. Doubt- 
less these fungus-growers at first supple- 
mented their ordinary diet with a few 
casual fungi, and only gradually were the 
instincts evolved which led to the perfection 
of fungus-agriculture which we see to-day. 
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The transference of the staple v('0(;iablp 
from one nest to another seems at first 
sight the most difficult evolutionary step ; 
but we see how utilization of the already 
existing debris-pocket in the mouth, together 
with a trifling change of behaviotir as regards 
its contents, suffice to bring it about. 

The third type that we will choose is that 
of the grain-collectors. Perhaps we should 
have put them first because of their literary 
celebrity. For to this tribe belonged ifil* 
ants which impressed King Solomon. Th(jy 
have been celebrated in fable from iEsop’s 
day to our own. However, their achieve- 
ments, remarkable as they are, are not sc 
extraordinary as those of the cattle-kcepen 
and the fungus-gardeners. It was at oik 
time supposed that these little creatures 
not only stored grain, but planted and 
cultivated it. This has now been shown to 
be a myth. They are in the stage of food- 
collectors, the stage through which our own 
forebears must have passed in their transition 
from hunting to farming. They all inhabit 
dry countries, and the store of grain is 
gathered against the season of drought. 
Sometimes neglected seeds germinate ntai 
the nest when the next rains come, and it 
is this which naturally enough gave m' 
to the legend of deliberate cultivation. 

The soldier-caste of the grain-ants has 
been demilitarized. Their swords have bci'n 
beaten into ploughshares by evolution--in 
point of fact, their militarist jaws have been 
converted into heavy grinding and crushing 
tools, which are able to achieve what tlie 
worker’s slighter jaws cannot do—break up 
the hard grains. In some species the workeijs 
then chew up the flour thus producec , 
moisten it into a kind of paste, an 
cakes of it out to bake in the sun. 

Another remarkable ant of tl^Y 
is the Honeypot, Myrmecocystis. 1 he nee. 
are the only insects which make store-cliani- 


bers for liquid food. But these ants havt 
got over the difficulty by turning some oi 
their own number into living ' 

The ordinary workers collect the honey- 
voided by plant-lice ; arrived back m t 
nest, they hand over most of the con . 
of their crops to a special kind of _ 
appropriately called the Replete. _ 
have the capacity of distending their P-^ 
until their abdomen swells to the size ^ 
pea, perhaps a hundred times its 0 g 
bulk. At the close of the wet scasoii ^ 
. repletes hang themselves up m 
the roofs underground cellars, an ^ 
the dry season of scarcity they are, so to p ‘ ^ 
taken down and tapped, supplyhig w 
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• oninninity for 

iiontli' from their 
iupfrfliiily. 

This jnouldmg ot 
individuaTs 
trLictLHt* so that it 
K’coincs a tool of 

he comiTfunity is 
qually well illus- 
by the leaf- 
iest ant, CEco- 
ihylla, which in- 
labits nests made 
f green leaves 
hied together, 
hose ants share 
ntli man the 
oubtful honour of 
being the only 
known organisms to 
nn p 1 0 y child- 
labour. If you tear 
.1 hole in a leaf 
nest, you will see a 
frciiig of workers 
svvarrii out and pull 
ihe edges of the gap 
loi't'ther. Mean- 
while, on the inside 
of the breach, 

I allot her gang ap- 
1 prars, each member 
of which has a grub 
in its jaws. When 
ihe outside gang 
ha\'e got the leaves 
in place, the interior 
\vorkcrs begin their 
jal). They squeeze 
the grubs ; the 
Jii ubs exude threads 
ol extremely sticky 
''t'c retion from their 
^n-called salivary 
glands, and with 
these threads the 
Workers repair the 
fianiage, dabbing 
the grubs from one 
'^ide ol the rent to 
the other. This is 
•^hild labour, if you 
"iib but with all 
kinds of funda- 
jnental differences 
h't’ni its human 
f’ountcrpart. The 
children in the mills 
Y ^-^ncashir€, 
three-quarters of a 


Fig. 300. Scenes from ant-life, 

(lA) A worker of Polyergusy the 
Amazon slave-maker, carrying away a 
cocoon of Formica rufibarbu. One of 
the Formica workers h trying to 
retrieve the cocoon. (iB) The Ama- 
zon has dropped the cocoon and has 
pierced the brain qf the Formica with 
her mandibles, (a) ^ grain-crushing 
neuter {modified soldier) of Metsor, 
one of the harvesting ants, carrying 
a seed home in her jaws. (3) A 
worker of the common field-ant, 
Formica pratensis, defending the 
colony. Holding on by her middle 
pair of legs, she is squirting a jet of 
formic acid at the enemy. (4) Honey- 
pot ants. A number of replete neuters, 
with their abdomens enormously 
swollen by their crops distended with 
honey-dew, are hanging from the roof 
of an underground store-chamber. 
Below, one of the repleles is regurgitat- 
ing honey-dew to an ordinary worker. 
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<5Cjitiiry ago, did not secrete thread like 
spidcw or possess hands like shuttles or 
carding-combs. But in the ants, the con- 
stituti(m of the grubs has been altered during 
evolution to fit them for this work. Their 
salivary glands produce this very adhesive 
substance, which is different from the secre- 
tion of the corresponding glands in ordinary 
ant-larvae, and the glands are much larger 
than usual. 

Another remarkable ant variation is the 
slaye-maker. The term slave^making is firmly 
engrained ; but in reality the relations *of 
slave-maker to slave are often more like 
those of parasite to host. The workers of 
the slave-making species set out and raid 
the nests of other kinds of ants. The best- 
known are the Amazon ants, Polyergus. 
With their long sickle-shaped jaws, they 
pierce the brains of the defenders, and carry 
away a store of cocoons. Forel gives some 
wonderful descriptions of these expeditions, 
the organization and the tactics involved, 
the. fierce fighting, the occasional repulse 
of the attackers. The pupse hatch out in 
their new home, and set about what their 
instincts impel them to—the care of ant- 
babies, even though these are not of their 
own land ; the building of the home, albeit 
an alien one ; the foraging of food. The 
Amazons themselves do not stir leg or jaw 
, in any such domestic duties — for which, 
indeed, the build of their mandibles alto- 
gether unfits them. 

The red slave-maker, Formica sanguinea^ is 
not so specialized. Its neuters can still 
work ^ well as fight ; and old colonics 
may give up their raids and allow all their 
slaves to die off. Their queens are unable to 
found a colony independently ; apparently 
they have not enough reserve materials 
stored in their bodies. After the nuptial 
flight th^ queen cither returns to her old 
home Or to another colony of the same species, 
or dse invades a small nest of a related 
species, the brown ant Formica fusca. There 
she excitedly seizes a number of pupae 
and mounts guard over the pile, killing any 

the fusca workers (who are much smaller 
man she is) if they try to recapture the cocoons. 
Sometimes, it^ seems, the fusca queen is 
killed by the intruder ; but sometimes the 
workers adopt the stranger and turn against 
their own queen. 

The Amazon queen is even more warlike 
^d invariably founds new colonies by invad- 
mg a small community of the slave species 
(again usually Formica fusca) and killing 
* the queen witn one bite of her sickle-shaped 
jaws through the brain j the fusca workers 

m V 


Acn adopt Jiw and for her 
Ae eggs she lays. So Ae nuxed colSv% i 
wamors and ahen slaves is begun ® ^ 

This way of life must clearly have a™.*' ! 
out of Ae general foraging habits of 
Ahen cocoons of some related species ca^&i 
away m a raid, aroused Ae nuning insu™S| 
of their captors, and were tended insSl 
of being devoured. The workeis tS*' 
emerged from them wodd automatical^ 

*<= ‘colony I 

which thus would receive an accession of 
working strength mAout having incurred 
the expense of feeding Ae grubs. And so 
It would thrive, and any further strengthen- 
ing of the instinct to raid and to look after i 
the raided cocoons would be preserved liv 1 
selection. 

The path of biological dependence, how- 
ever, IS a slippery one. In many species 
dependence has gone so far that the slave- 
makers are the merest parasites. Ordinary 
parasites, like the tapeworm, tend to lose 
their organs of food-finding and of pro- 
tection against the outer world ; they become 
masses of tissue focused upon food absorption 
and reproduction. The only department 
of their life in which there is elaboration 
above the normal is in their means of dispersal 
to enable them to make the difficult passage 
from one host to another. These parasitic 
ants are no exception. But the biblogical 
unit in ant-life is the colony, not the in- 
dividual, and it is the colony which shows 
degeneration. In these species the colony 
has lost all its workers ; it has come to 
consist of nothing but reproductive units, ' 
male and female. The queens are found in , 
alien nests, entirely incapable of looking 
after themselves. Their offspring are the 
only young ants in the nest. Tended by 
alien nurses, they grow up into sexual forms, 
and the fertilized females insinuate them- 
selves into new nests of the host species. 
The old nest inevitably dies out, for the 
host workers die of old age one by one, 
and cannot be replaced. 

The crux of the life-cycle is the invasion 
of fresh hosts. The fertilized queen makes 
for a nest of the slave or host species, the 
workers meanwhile looking on without 
interfering, and then cither she herself 
fights and kills the rj^^tfUl queen, or the 
workers even turn agaj^ their own queen 
and kill her. In either case she is then 
adopted as queen. 

This extraordinary behaviour of the host 
workers, wheNdo not treat the alien as an 
intruder, but accept her and passively ot 
actively turn against thek oym flesh and 
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Ld is one of th<! itrimgest of biology. 
iTas ^ human cotomunity adopted and 
^hipped a toyal iamily of aliens. It 
Lg to depend on the alien queen having 
furnished by natural selection with a 
(jbe. "iince the time of Solomon, ants have 
5 cti hi'ld up as moral exemplars ; but they 
jve the ir weakness — greed. These parasitic 
kjeens liave thdir bodies beset with glands 
hich produce a rather fatty, sweet-smelling 
nd swe ct-lasting secretion ; and the host- 
orkei^ can be seen licking this with the 
reatrst avidity off the tufts of hair on to 
hich it exudes. 

§6 

The Parasites of Ant-Colonies 

The individual ant has its own internal 
arasites^; but the ant-colony, that amor- 
hous beginning of a new and compound 
idividuality, is the real unit of the species 
lid harbours many more hangers-on. 
Llready over two thousand species of animals, 
loslly insects, but with a fair sprinkling 
f spiders and mites and a few Crustacea, 
ave been discovered living in the nests of 
nts, and incapable of existing anywhere 
Lsc. That is about half as many kinds of 
olony-parasites as of ants. 

In this respect, the communities of ants 
jid termites have attained a complication 
eyond that of human societies. The rela- 
loiis of the ants to these ant-guests, indeed, 
re very different from those between man 
nd his domestic animals and pets. Ants 
lave no other domestic animals but aphids 
nd scale-insects. These are their milch 
‘title ; but they have no beasts of burden 
ike hoises or camels, no animals yielding 
hem clothing like sheep or vicuna, none 
diose eggs they take, like poultry, or whose 
Icsh ilicy eat like ox or pig, no companion 
ind guard like the dog, no vermin-catcher 
ike tlie cat. Nor do they have any pets 
ielil)cralely domesticated, like canary or 
loldfish or fancy mice, for their attractive- 
icss. 

I'ur in the insect- world the whole mechan- 
by which things happen is different, 
ihe guests and parasites of the ant-colony 
lave been moulded to their present queer- 
itss of structure and behaviour by natural 
Section, not by Jfdficial selection. No 
'^nscious purpojMS on- the part of the ants 
licnisclves has intervened in their making. 
« shall see, the tastes and habits of 
ants themselves have contributed to the 
‘volutionary shaping of the guests’ germ- 
5lasin. But dwJ shaping has been always 
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indirect ; the ants are part of the guests* 
environment, and if the guests are to survive, 
they must be adapted to life among ants as 
tapeworms have had ^o become adapted to 
life in vertebrates’ intestines. Some of tlic 
smaller hangers-on of humanity, like the 
cricket on the hearth or the house-martin, 
have become adapted in this way to their 
human environment ; but all such creatures 
arc very small compared with man, while 
ant guests, almost without exception, are 
about of a size with their hosts. 

If we imagined that in England our houses 
were, against our wills, inhabited by cock- 
roaches as big as wolves and house-flies like 
hens, and that there were also crickets to 
whose presence wc were indifferent, although 
they were the size of our own children, and 
pet-like creatures whom we liked because 
they rendered us some agreeable service, 
as it might be parrots which had the instinct 
of scratching our backs for us ; and mon- 
strous animals which we allowed to eat our 
babies in their cots because they secreted 
hot rum-punch or some equally fascinating 
liquid, and that in France, say, and the 
United States, there were similar sets of 
animals, willy-nilly sharing men’s houses 
and reproducing there, only all belonging 
to different species from those of England ; 
and finally that they were all incapable of 
existing permanently anywhere outside our 
houses ; then we should begin to get some 
idea of the ants’ menagerie of guest-animals. 

The simplest relation between a colony- 
parasite and host is one of simple thieving 
on the part of the parasite, unmitigated 
hostility on the part of the ants. One of 
the most amusing and impudent of such 
thieves is Lepismina, a wingless silver-fish 
insect. When one of the worker-ants is 
engaged in regurgitating a drop of food to 
a sister, Lepismina steals up, cravyls b.elow 
their upraised bodies, makes a sudden snap 
at the drop of liquid as it passes, and bolts. 
Regurgitation is a ticklish matter, and 
demands rather a delicate pose on the part 
of the two ants engaged upon it. Before 
the aggrieved couple can disengage them- 
selves for pursuit, the thief is gencr^ly well 
away towards safety. But Lepisnuna has 
always to keep out of its hosts’ way if it does 
not want to be attacked and killed. There 
are some parasites, however, of which the 
ants take no notice. The maggot of the 
little fly Metopina, for example, is found in 
the nests of an ant called Pachycondyla, 
clinging round the necks of the ant-grubs. 
In these ants, the grubs are fed by a primitiyt 
method ; pieces of insect-meat arc pl8u:od it 
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a natural trough which the grub grows near 
its mouth. When a grub is fed, round 
whose neck a Metopina is wrapped like a 
boa, the parasite unpoils, helps itself, and 
coils up again. The ant- 
nurses pay no attention to 
it at all ; they clean it as if 
it were a part of the ant- 
grub. Apparently it has ac- 
quired the authentic nest- 
smell, and this is enough to 
make the nurses overlook the 
very abnormal shape of those 
of their charges which are 
being exploited. Then there 
are other parasites which, 
though the ants are perfectly 
aware of their presence, are 
tolerated. One of the queer- 
est of these is the mite, 

Antennophorus, which rides 


about on the heads and bodies of its h 
Although it is as big in comparison wiihl!' 
host as a small monkey in comparison with 
a man, up to four or even six may h,. 

on a single ant. To secure ' 
lood, these creatures employ 
a trick found in many ant 
guests ; they stroke tl,eir i 
hosts so as to simulate the ' 
food-begging caresses of one 
worker soliciting another to 
regurgitate. And they get I 
what they ask for. In all 
ant-guests which solicit food 
by stroking, the organs for 
soliciting and caressing are 
moulded into passable imi- 
tations of ants’ antenna?. 
Sometimes these caressing 
organs are the parasites' 
own antennae ; but often, 




Fig. 301, Some guests and parasites of ant-colonies. 


(i) ^ hietUy Mimeciton, which closely mimics the Driver-ants with which it lives. (2) The beetle Atemeles sohctim 
a umker Myrmica to regursitate food for it by caressing the ant with its fore-legs. In return U will allow 
to suck the secretion from the tufts of yellow hairs on its abdomen. (3) The silver-fish Atelura rushing up to snatch 
the drop of liquid food that one Lasius worker is regurgitating to a second, {^^nolher 'Lasius worker which is oinm 
three mitesy Antennophorus y one under its head and one on either side of its abdomen. (5) A Hon^t worker with 

little beetles {Osysoma) attending to its toilet. 
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^ III Aiitcnnophorus, one pair of legs is made 
aiitniiia-like. It is as if a badger or a 
squirrel were to grow imitation human lips 
on thr giving 

jjiin Ins dinner. 

Still other parasites are fed for services 
rrndeK'd. One little beetle, for instance, 
failed Oxysoma, seems to perform various 
agreeable toilet duties for its hosts, licking 
them ^ lean and pleasantly stroking them. 

Finally come the strangest gang of all — 
those parasites of the colony which are not 
only tolerated, not only paid with food, 
but looked after and protected by their hosts, 
sonietiincs before the ants’ own flesh and 
blood. And the reason for this unnatural 
behaviour is the ants’ boundless greed. The 
poiasite exploits the cravings of its hosts by 
ollering them a delicious secretion to lick. 
Worker-ants and termites thus share with 
man the unenviable distinction of being the 
only animals with vices. 

Most of these vice-exploiting parasites, 
these perambulating bars of the ant-world, 
dre beetles. There are several hundred 
species of them ; they all produce the 
special sticky secretion which their hosts 
like so much, and this always oozes out on 
to bunches of special hairs, which act as 
teals from which the ants can suck the juice. 
-Ihc beetles usually have had their antennae 
altered so that they are like ants’ antenna*. 
Thus the beetles earn a living by pioviding 
luxuries in return for necessities. Their 
relation with their hosts is a perversion of 
the normal food-exchange on which the 
hlh ()1 the ant-colony is based. The ants, 
like many human beings, put luxuries first ; 
at a threat of danger, the beetles are generally 
carried off to safety before the ants’ own 
grubs and pupae. 

Ibe most remarkable of all guest-beetles 
Loinechusa, a parasite of the Red Slavc- 
inaker, Formica rufa^ whose history has been 
unravelled by the Jesuit entomologist, Was- 
niann. Not only does the adult beetle live 
A' pandering to the ants’ gustatory desires, 
but its grubs appear to exude some equally 
ucsiidble bribe. The ants look after the 
>eeilc-grubs better than their own brood, 
and even allow them to eat the ant-grubs, 
ps a result of the neglect of their beetle- 
luhuuatcd nurses, a large proportion of the 
unt-ldrvae perish ; others are wrongly dieted 
^l^d grow up as useless intermediates between 
'workers and queens. A heavily-infected 
colony of the Red Slave-maker is doomed 
extinction ; but such heavily-infected 
colonies are rare, and the parasite itself 
'^porcidic and infrequent. 


^ This perversion of the normal nursing 
instincts of the workers argues overpowering 
attractions in the beetles’ secretions, com- 
parable to those possessed for human beings 
by spirits or opium. But there is always 
some striking difference between insect and 
man. There are human beings who neglect 
their children for drink ; but the behaviour 
of the ants is as if a mother were to abandon 
her baby for the charms of gin or brandy- 
butter which she lapped off as it exuded 
from the body of a changeling creature. 
Professor Wheeler, in his Social Life Among 
the Insects, admirably sums up the situation : 

“ Any insect possessed of these glandular 
attractions . . . can induce the ants to 
adopt, feed and care for it, and thus become 
a member of the colony, just as an attractive 
and well-behaved foreigner can secure 
naturalization and nourishment in any 
human community. But the procedure 
among the ants is more striking, because the 
foreigners are so very foreign. . . . Were 
we to behave in an analogous manner we 
should live in a truly Alice-in-Wonderland 
society. We should delight in keeping 
porcupines, alligators, lobsters, etc., in our 
homes, insist on their sitting down to table 
with us, and (in some cases) feed them so 
.solicitously that our children would either 
perish of neglect or grow up as hopeless 
rachitics.” 

§ 7 

Termites 

I’erniites and ants afford a wonderful 
example of parallel evolution. Termites, 
though sprung from a stock related to the 
cockroaches and difl'ering fundamentally 
from ants in having no grub-stage and no 
metamorphosis, but hatching from the egg 
as babies of the same general build as their 
parents, have evolved independently a 
social life strikingly similar to that of ants. 
They, too, have sexual and neuter castes ; 
the neuters arc often divided into workers 
and soldiers ; their cities arc an irregular 
network of galleries and chambers ; the com- 
munity’s economic existence is based on an 
elaborate system of food-exchange ; they 
have numerous colony-parasites, many of 
which exploit their hosts’ greed just as do 
the guest-beetles of ants’ nests ; and some 
species even cultivate fungi in a way almost 
identical with that of the fungus-gardeners 
among ants. 

But when we look into the organization 
of the termite state, we find interesting 
diflerenccs of detail between it and the ant 
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community. The neuters are not all neuter 
females ; there are neuter males as well, 
in equal abundance with their sterile sisters. 
Then when we find soldiers in addition to 
workers in a colony, the two castes are not 
merely unlike in their proportions, as with 
ants, but qualitatively unlike. This and 
other evidence has led many biologists to 
believe that the difference between sexual 
individual, worker and soldier, in termites, 
is not an affair of feeding, as with ants, 
but is due to some elaborate hereditary 
machinery, such as that •which controls 
the production of the two sexes in most 
higher aniitials. There is a further proba- 
bility in this. Since the young, growing 
termites are free to feed where they will 
(in the gardener termites the young have 
been described as browsing like miniature 
white lambs on fungoid herbage of equal 
whiteness), it is difficult to see how their 
diet could be regulated. But full proof is 
as yet lacking. 

Then not only are there neuter males, 
but the royal, sexual males help in founding 
the colony, unlike the male ant, whose 
services to the race are at an end with his 
single act of fertilization. The kings and 
queens, as in ants, fly out into the world 
when the time comes to mate ; however, 
their flight itself is not a nuptial flight, but 
an opportunity for the young people to 
meet. A male and female join fortunes, 
descend to earth, both shed their wings, 
both set to and excavate a nest, and only 
then is the marriage consummated. The 
fully fertile queen usually grows to an 
unbelievable size, several inches long, her 
original slimness revealed by the patches 
of dark chitin which once made a continuous 
skeleton, but now are separated by areas of 
white egg-distended skin. Some of these 
queens lay eggs almost continuously, at the 
rate of about one egg every two to four 
seconds, for many years. 

Besides these fully developed queens there 
may be numerous “ second form ” and 
“ third form ” females, which have repro- 
ductive organs, but are in other ways inter- 
mediate between the true queens and the 
wingless workers ; these always remain 
unbloated. And there may be a similar 
gradation in the males. The function of 
these creatures in the colony is obscure ; 
we know, however, that in some species, 
instead of soldiers, there is a special caste 
of nasutif or “ nosy ones,” who constitute 
a sort of chemical warfare corps. These 
have long snouts on which open the ducts 
of special glands that seacte an unpleasant 
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liquid which is extremely sticky, and pos. 
sibly corrosive as well. With this th(‘ nasuti 
immobilize their enemies by gumminj^ them 
up— legs, antennae, and body— -in a helpless 
mass. The size of these defence glands in 
some of these creatures is enormous, much 
bigger than all the other organs put icjgether 
— a visible proof of the extraordinary degree 
to which division of labour has specialized 
the various castes. 

One of the most curious and uucannv 
things about termites is the fact that all of 
them, save the winged sexual kings and 
queens, are subterranean creatures that shun 
the light. The workers forage for hundreds 
of yards round the nest, but always at nifrlit 
or else under cover of tunnels which tliey 
build for themselves as they go. When 
they reach a supply of food, whether it be a 
log in the forest or a piece of human furniture, 
they eat it out from the inside. Finally it 
becomes a mere shell and collapses at a touch. 
The workers are all pigmentless, llesh), 
white creatures ; the winged kings and 
queens, which will one day have to brave 
the light, are dark brown. The soldiers 
have huge, cast-iron heads, but suit and 
defenceless bodies ; the hard heads are 
brown, the soft bodies white. 

Parallel with this shunning of all direct 
contact with light and the outer world h) 
termites has gone a specialization of their 
nests. Only in the more primitive termites 
do we find diffuse nests, underground or 
in dead wood, like those of most ants. In 
tropical forests there are many tree-nests, 
usually made like wasps’ nests of chewed-up 
wood cemented by saliva. Some are as 
big as a good-sized barrel ; others aie 
plastered on to trunks like a clusiei of 
sausages and are protected from raiu by a 
series of inverted carton V’s built above tlicin. 

Tropical ants build tree-nests, too ; but 
no ants have nests resembling those ol some 
African termites — stalked objects protruding 
from the ground with a musnroorn-hke 
top acting as an en tout cos against both 
rain and sun. The highest developnienis 01 
termite architecture are the giant termitaries 
(wrongly styled “ ants’ nests ”) of 
and Australian tropical scrublands, whic 
may harbour over a million individuals, 
reach a height of fifteen or twenty feet, an 
arc so concrete-like in their strength an 
hardness as to be almost indcstructib e 
save with the aid of dynamite. 
parts of Africa the abundance of these ncs 
makes the “faring of aerodromes a cos y 
and laborious business. , 

It is in their food-economics that 
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arc most extraordinary. In the 
place, they live almost exclusively 
upon ^vood. TWs is entirely indigestible 
by most animals, so that the termites here 
enjoy a notable advantap in the struggle for 
existence. But, as we have seen, they are 
only rnabled to do this by the aid of the 
swarms of symbiotic protozoa in their insides. 

Ma('ierlinck, in his book on termites, holds 
np the termites’ capacity to digest wood 
and the presence of neuter castes in their 
societit s as proof of more than human in- 
telligence. This is uncritical fantasy. The 
(WO types of existence stand on a different 
level. The termites, we can be completely 
eertain, do not even know that they possess 
flagellates in their insides, or that these 
digest wooB for them ; and even if they did 
know, the presence of these admirable aids 
(0 digestion would be no more due to clever- 
ness on the part of the termites than is the 
presence in our insides of that remark- 
able fluid, the pancreatic juice, due to our 
eleverness. And similarly with the castes. 
Workers and soldiers are what they are 
because natural selection has moulded the 
uimite germ-plasm in a particular way, 
not because of any forethought or conscious 
])lanning by the insects themselves. 

Only the workers and soldiers contain 
-the precious flagellates, because only they 
cat wood. The rest of the colony receive 
their food from these wood-eaters. The 
details of their food exchanges we have 
already mentioned. Even their concern for 
their precious, swollcn-bellied queen is in 
let urn for food. Hundreds of workers are 
gener.illy to be seen in attendance upon 
the tpiecn. It used to be supposed that they 
were actuated by the motives which prompt 
human worshippers. But once more the 
gulf between man and insect is revealed, 
fhey surround the queen because she exudes 

sped ally rich and fatty secretion ; and 
iheir apparent attentions consist in licking 
her to get something for themselves — some- 
times so violently that they rasp holes in 
the royal side. 

Icrmitcs do not spread so far out of the 
tropics as do ants, but where they are abun- 
dant they are of more economic importance, 
they are extremely destructive, not only 
jo Wooden fences and buildings and furniture, 
hut to paper. And since ink and the written 
ur i:»rinted word are no deterrents to their 
hunger, books and documents are continually 
being destroyed by them. Von Humboldt 
uot(‘d that in tropical South America books 
ttiorc than forty or fifty years old were 
Rrcni rarities ; before attaining such an age 


they generaUy go to feed termites. Some 
authorities, indeed, believe that the termites’ 
destruction of books is one of the chief 
reasons which have hitherto prevented 
tropical civilizations from reaching any 
pitch of progress comparable with that of 
more temperate nations. Our descendants 
will be able to judge whether this suggestion 
is true or no, for some tropical countries 
are now constructing libraries and archives 
with concrete foundations to make them 
termite-proof. 

On the other side of the account must be 
entered the fact that termites (unlike ants) 
are beneficial to plant growth. Cellulose 
and wood are among the most resistant of 
organic, sub- 
stances. The 
termites, in com- 
bination with 
their indispens- 
able flagellate 
allies, are among 
the few agencies 
-which rapidly 
break them 
down. And thus 
much of the 
capital of life, 
which would 
otherwise be 
locked up for 
years, is speedily 
brought back by 
termites into the 
vital circulation. 


§ 8 

Bees 

In ants all 
stages in the 
evolution of 
communal life have been lost, but in bees 
there survive many stages in the process. 
There are bees which are entirely solitary, 
where the females simply store up food for 
their grubs and leave them to hatch out 
untended. There is here no trace of social 
life, and yet it is the first step towards it, 
since the social life of insects has evolved in 
connexion with the care of the young. A 
further step is seen in bees like Halictus, 
where the female stays by her little nest 
and waits until her children emerge as winged 
creatures as big as herself. The children 
then add to the nest and throughout the 
summer there is a true colony-life. But 
autumn breaks up the community, and the 
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Fig. 302. The ravages of 
termites. 

A piece of wood excavated by 
white ants at Singapore. {Courtesy 
nf the British Mmeum^ Natural 
HiUory.) 
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females that survive the winter must each 
found a separate nest again. Here is no 
continuity of social life, nor is there any 
division of labour between castes. 

The humble-bees illustrate the next step. 
The community still endures for one season 
only, but it shows the beginnings of a worker- 
caste. The females that were fertilized in 
the autumn before and have successfully 
survived hibernation, dig themselves an 
underground chamber in which they build 
a few irregular rounded cells. In the first 
cell they lay perhaps half a dozen eggs, 
put up with them a supply of honey and 
pollen, and seal the cell up. From time to 
time they open it again and give the grubs 
fresh food. But the solitary mother can 
only manage to provide the bare minimum 
of food, and the weight of the bees that 
hatch out is only some fit teen or twenty 
per cent, of their parent’s. Further, the 
machinery of humble-bee development is 
so arranged that the ovaries only grow 
properly when food is abundant. Accord- 
ingly these first stunted bees have rudi- 
mentary ovaries, and are sterile ; they are 
in fact neuter workers. 'Fhey help their 
parent in the duties of the nest ; with their 
aid, food becomes more abundant, the state’s 
new children bigger. As the season goes on, 
all transitions are thus produced between 
sterile worker-females and fertile queen- 
females ; and by late summer queens are 
plentiful. Males are also produced in late 
summer ; and though they do not help at 
home, they at least support themselves by 
gathering their own food ; they are thus 
not so specialized as the males of ants or 
hive-bees, which have become merely the 
male gonads of the colony, nourished by the 
efforts of other members of the community. 
Winter kills off all the males and workers, 
since the reserves of food are but scanty. 

In several ways the characteristic features 
of the hive-bees’ advanced polity are fore- 
shadowed in a half-and-half condition by the 
humble-bee. It possesses neuter workers ; 
but these differ from the queens only in 
their sterility and their size, not in their 
construction and instincts. T'he queens still 
undertake other duties than that of a mere 
egg-laying machine, the males do not deserve 
the name of drones, for they still feed them- 
selves. The females, like worker hive-bees, 
secrete wax, sweating out plates of it from 
between the crevices of their chitinous 
armour ; but wax is not yet used as sole 
building material, being mixed with resin 
and pollen before use. The humble-bee does 
store up food ; some of the empty cells 
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from which worken have hatched out arc 
used as honey-pots. But they Ijuiid no 
special combs of cells all devoted to honev- 
storage, and the amount of stored Food is 
small. I 

In other bees, further gradations to the ' 
fullness of social life are to be found ; inn 
we will pass straight to the consideration 
of the most specialized of bees and the only 
insect to have been domesticated by man, 
the hivc-bec. 

'Fhe bee-hive, like the ant-nest, is on the 
way to become a super-individual. It has 
the same division of labour ; the workers 
work for ‘the community, the queen law 
eggs for it, the males are sacrificed in autumn 
for its good. It is in certain wa^s more of 
a unit than the ant-nest — it has one (jueen, 
not many. 1 1 shows its incipient indivicl uality 
in another interesting way. Although iis 
separate members cannot maintain a con- 
stant temperature, the community can and 
does. The bee-hive, at least in winter and 
spring, is for most purposes a warm-blooded 
organism. In winter, if the temperature 
falls too low, the bees set the healing 
machinery in motion. They assemble lump- 
ing from the roof in a dense bunch ; when 
this cools to a temperature of about 55 degrees 
Fahrenheit, the bees gel restless, they taki- 
a meal of honey, come back and cravsl 
actively within the cluster. The heat pro- 
duced by their movements cannot readih 
escape from the dense mass of bodies ; 
and the temperature rises rapidly— within 
an hour it may jump from 55 degrees to 
75 degrees. The outer bees which make the 
skin of the cluster cool off first ; then they 
crawl into the interior and others take then 
place, until finally the whole cluster is cooled 
to 55 degrees again. This takes the best 
part of twenty-four hours ; and then tin' 
heating process is repeated. 

In spring and summer, however, when the 
development of the young brood is going 
the hive becomes fully “ warm-blooded ; 
the bees keep it almost at blood-lnat 
(actually 93 degrees to 95 degrees 1' 
whatever the outer temperature. At lower 
temperatures, the grubs not only de\'elop 
more slowly, but abnormally ; and tern* 
peratures much higher than this would be 
fatal to bec-protoplasm as to our own. <-1^ 
cold days the workers who are looking 
the brood crouch and crawl in a thick l^yer 
over the brood-cells, so constituting both a 
protection against heat-loss and a source ot 
warmth. O»jiot days they fan their wmgs, 
drawing cool air through the hive. 

It is often asked how any theory of m- 
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1 pritanre can explain the facts of bee-life, 
-rjje ' NX orkers alone have the elaborate 
. tincts which keep the business of the hive 
oing ; descendants. 

Xhe^cirones do nothing but fertilize the 
niicens, the queens nothing but lay eggs ; 
and they give rise to the gifted and in- 
dustrious workers. The same question, of 
course, applies also to ants and termites. 
Xhc question would perhaps not be asked 
if it were not for the unconsciously held 
Lamarckian beliefs about heredity which 
most people cherish : they are surprised 
that the workers can do things which none 
of tlieir ancestors ever did. The difficulty 
is not so great as it seems ; it disappears 
as soon as we think in terms of the modern 
idea of the germ-plasm. The case of worker- 
bees is precisely the same as the case of 
specialized tissues within our own bodies. 
Our muscle-cells, our blood or glands, our 
hrain-tissucs—nonc of these leave any 
descendants : they do their jobs in our 
economy in spite of the fact that they arc 
descended from a long line of germ-cells 
which have never done anything of the sort, 
liut have merely divided, become gametes, 
fertilized one another and divided again. 
So with bees. I’hc queens and drones arc 
die j^crm-plasm of the community, they alone 
are part of the immortal racial stream ; the 
workers arc its soma, doomed to work and 
die for it without direct posterity. As the 
same human chromosomes in two different 
parts of the embryonic environment will 
* set to and help build up tissues as different 
as muscle and nerve, so the same bee-con- 
slitution with one kind of diet will generate 
egg-laying queens, with another busy neuters. 

i’hc instincts of the workers can be kept 
up to the mark by natural selection. Those 
fertile females whose genes under worker- 
diet do not develop into workers with proper 
instincts, will produce inefficient hives ; such 
communities will go under in the struggle 
for existence, and so the defective genes 
will be eliminated from the bee germ-plasm. 
Here again the process is analogous to 
what happens in our own bodies. Those 
germ-cells whose genes give rise to inefficient 
thyroids or brain-cells will be eliminated 
from the race, although as mere germ-cells 
they may be adequate enough. Once more 
We see the community as the true unit of 
the bee or ant species, the single bee or ant 
a subordinate member of this super- 
iudividuality. 

There arc numerous books, both scientific 
and popular, on the hive-bee. To them we 
JH'ist refer the reader for the picturesque 


details with which bee-life abounds. Here 
some interesting and very recent work of 
the Bavarian zoologist von Frisch must 
suffice. His patience and skill have elicited 
many new facts, and have set many old 
ones in a new light. 

The essence of this method has been 
intensive observation of individual bees 
leading their natural life. As there may 
be thousands of bees in a hive, and as they 
all look alike even to a trained eye, the first 
requisite was some means of identifying 
individual workers. To this end von Frisch 
modified and improved the marking method 
which Lord Avebury was the first to use. 
He caught bees, and by means of combina- 
tions of dabs of bright colour on different 
parts of the l)ody, gave them labels which 
made identification easy, even in flight. 
If a white spot on the thorax is taken to 
mean i, the same colour on the abdomen to 
mean 6, red on thorax is 2, on abdomen 7, 
and so on, a glance at a marked bee enables 
you to write down its number. With the 
aid of this method, of specially-devised 
observation hives, and infinite patience, 
von Frisch discovered how the numerous 
duties demanded of the workers~-nectar- 
gathering, grub-feeding, comb-building, and 
the rest — were distributed. The reception 
of such paint-marked bees by their fellow- 
workers is worth nothing, as it throws an 
interesting sidelight on bee-mind. No 
difficulty is made about old bees ; but ones 
that are taken and painted immediately 
after emergence are roughly handled and 
usually thrown out of the hive or stung to 
death. I’hc unfamiliar smell of the paint 
is reacted against unless the familiar nest- 
smell is superimposed. And if the young 
bee is smeared with a little honey as well 
as being painted, the honey is licked off, and 
after this she is accepted without more ado. 

In human communities, division of labour 
comes about by different people learning to 
do different kinds of work. You are not 
born a lawyer or a colonel ; training and 
experience are needed. In the more special- 
ized kinds of ants and termites everything, 
or almost everything, depends on heredity ; 
different jobs are performed by creatures 
who are born different — soldiers, workers, 
and so forth. But in bees a third method is 
adopted. Qiieens, males, and workers are 
born different ; but the workers’ instincts 
develop and they take on different jobs as 
they grow up — as if human beings should 
automatically and without training change 
from nurse-maids into bricklayers, then into 
hall-porters, and wind up in business. 


711 



BOOK 8 


THE SCIENCE OF LIFE CHAPTER ^ 


A queen-bee may live five years; h\it 
workers die of old age after about five weeks 
of winged existence. (To this must be 
added three weeks* development — three days 
as an egg, six days as a growing grub, and 
twelve days as a resting pupa.) This short 
span of adult life falls into three main periods. 
The first, which the bee spends entirely 
inside the dark hive, guided by smell and 
touch and hardly ever employing her eyes, 
lasts about ten days and is concerned with 
the care of the young. The second, from 
about the tenth to the twentieth day, is 
concerned with building, cleaning, and acting 
as guard at the main gate of the hive with 
occasional short excursions. And the third, 
from three weeks old till death, is spent 
mainly outside the hive, and is concerned 
entirely with collecting pollen and nectar. 

We may follow an individual bee through 
her life-cycle in a little more detail. On 
emergence from her pupa-skin and cocoon, 
she gnaws open the thin wax lid of her cell, 
which was sealed over her when she had 
ceased to grow and had turned into a pupa. 
Then she dries and cleans herself, and within 
an hour, all uninstructed, may have begun 
work. She begins cleaning out cells from 
which other bees have hatched, removing 
debris and licking their walls with her saliva. 
Only when cells have been thus treated will 
the queen lay new eggs in them. 

But in the first three days the young bee 
sits about a good deal doing nothing in 
articular (the idea that bees are always 
usy is a delusion, which springs from the 
fact that we notice them at work, not when 
they are resting ; to someone stationed in 
a central street of a great city, it would 
appear that human beings were always 
busy). Apart from cell-cleaning, the only 
other duty of the young bee is keeping the 
brood warm on cold days by blanketing it 
with its body. 

When the young worker is about three 
days old, however, the nursing instinct stirs 
within her, and she begins feeding the older 
grubs with honey and pollen from the com- 
munal stores. The younger grubs, however, 
cannot digest raw pollen, and have to get 
their nitrogenous food from a secretion made 
in the worker’s “ salivary ” glands. This is 
closely parallel with the feeding of the 
human infant on milk, and is one of the 
few cases of an invertebrate animal feeding 
its young on specially-secreted fluids. On 
about the sixth day of a worker’s life, these 
glands suddenly begin to swell and grow, 
Just as the milk glands in the breasts of a 
woman grow in preparation for suckling 
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her child. With the growth of the 
there develops the in^ct to use them ! 
and from about the sixth to the tenth day 
the worker docs little but nurse the youni 
grubs. Then the nurse-glands shrink again 
and the bee’s impulses prompt her to new 
activities. She takes nectar from the older 
bees returning from their work among the 
flowers, and pumps it into honey-cells- 
packs the pollen tight in the pollcn-cclLs • 
and removes dirt and debris a short distance 
outside the hive. In place of the shrunken 
salivary glands, her wax-glands have enlarged 
and sheets of wax grow out and protrude 
between the plates of her abdomen. With 
this, her building instincts come into play, 
and she spends a good deal of time on the 
construction of new comb. Besides the 
ordinary cells which may serve either for 
honey, pollen, or developing brood, workers 
of this age may build cells of the same 
shape, but larger, whose greater dimensions 
stimulate the queen, as she pokes her abdo- 
men into the cell, to lay an unfertilized 
instead of a fertilized egg ; these are the 
drone cells, since unfertilized eggs grow into 
males. If the workers decide to bring up a 
female grub as a queen, they build a protrud- 
ing and very large “ queen-cell.” 

All through this period, the workers, 
prompted by a new restlessness, will occasion- 
ally leave the hive and take short flights to 
get to know the surroundings, 'fhese 
explorations are pushed farther and farther 
afield, until before she is three weeks old, 
a worker has a good knowledge of all the 
neighbourhood within a few hundred yards. 

Before she goes off collecting from flowers, 
however, she spends two or three days 011 
guard-duty — work that is on the dividing 
line between her previous life inside the hive 
and her future activities out^de it. 'Ihere 
are always a few guards or door-keepers near 
the entrance to a hive, some just within it, 
some just outside, and these are always 
eighteen to twenty days old ; so accuriUely 
do the different instincts succeed each other 
in a worker’s life. They investigate the 
entering bees with their antennae, and will 
drive off any members of a strange hive. 
They attack marauding wasps or other 
creatures who try to gain entrance to make 
free with the community’s honey-stores, ana 
it is they who will fly out and sting hig 
animals or human beings who carelessly 
approach the hive. 

It is a well-known fact that if a bee simgs 
a man, the ste sticks in his skin and is 
torn out, and the bee dies. But this does 
not happen when a bee attacks a creature 
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own size ; the deadly sting (which is an 
ovipositor or egg-laying tube converted into 
a weapon, with certoin of the attached glands 
niade over into poison-secreting organs) can 
lx- used over and over again on another 
insect, d’his particular sacrifice of the 

worker in 
(he interests 
of the com- 
niunity is 
only dc- 

mand('d on 
the rare oc- 
casions when 
large ani- 
mals are to 
be stung. 

Only after 
about her 
twentieth 
day does the 
worker bc- 
U i n 1 o o d - 
gatliei ing. 

All her work 
is now to 
\'isil flowers, 
suck up nec- 
tar, and col- 
lect pollen. 

The nectar 
she brings 
back in her 
c r 0 or 
honey- 
s 1 0 rn a c h , 
vomiting the 
contents up 


again on her return, either into store, or 
mually to other younger workers, who 
themselves either feed others or pump the 
nectar into cells. Her honey-stomach is 
about the size of a pin’s head ; she must 
fill and empty it over fifty times to get a 

thimbleful of 
honey. And 
it takes the 
contents of 
over a thou- 
sand clover 
flowers to fill 
it once! 
When we re- 
member that 
a single hive 
may store 
over two 
pounds of 
honey in a 
day, in addi- 
tion to what 
it eats, we 
begin to 
realize the 
efficiency of 
the bee as a 
device, 
evolved late 
in the his- 
tory of life, 
for exploit- 
ing the se- 
cretions o f 
flowers. 

On cold, 
rainy days, 




Fig. 303. Scenes from the life of the honty-hee. 

hb -I bee'*s egg and a full-grown grub*cn the same scale. (B) Worker-bees emergingfrom their cells. Some cells are 
gnawed open ; from others bees are emerging. (C) The workers* first duty : cleaning 
" for the 0fem to lay eggs in. (D i) A bee returned from honey-gathering regurgitating food to three other workers* 
Brfort off again she executes a dame over the comb, followed by other work^s, who smelt her with their 
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the food-gatherers do not go out much, but 
sit about on the combs (thus unconsciously 
helping to keep the hive’s temperature up). 
Eventually they grow old, and spend much 
time doing nothing, even on fine days ; 
and at last, if they have met with no acci- 
dent, they die of old age, and their corpses 
are transported out of the hive by their 
sisters, and thrown away. 

The most novel and interesting of von 
Frisch’s discoveries concerns what has been 
sometimes called the language of bees. It 
is so far a language in that it is a means 
of communication, that by its aid they 
convey information to each other about the 
available sources of honey and pollen. But, 
as always, there is a radical difference 
between insect and human methods. 'I’he 
so-called bee-language is really only a chain 
of stimuli. It is based on a strange and 
elaborate system of instinctive or reflex 
actions, not learnt by a painful process of 
associating symbols with meanings as ours 
is, and the result, though effective for its 
purpose, is achieved without the aid of 
any powers deserving to be called intellectual. 

Before the experiments on this means of 
communication could be planned, it was 
necessary to find out a good deal about the 
senses of bees. It was shown that bees’ 
eyes, like our own, distinguish colour. 
But they do not distinguish it in quite the 
same way as we. For one thing, they see 
farther up into the ultra-violet than we do, 
but are quite blind to most of the wave- 
lengths which to us appear red. ('Fhat is 
why flowers visited by bees are very rarely 
pure red.) For another, though they dis- 
tinguish between different intensities of 
illumination, different grades of black, grey, 
and white, as well as we do, their discrimina- 
tion of colour-shades is a good deal less 
accurate. They distinguish readily enough 
between the whole group of colours included 
between blue and violet and the other whole 
group between orange-yellow and yellowish- 
green ; but they cannot sec any difference 
between the tints within each group — 
yellowish-green and orange are alike to 
their eyes. They can also distinguish one 
form from another, but not so thoroughly 
as we ; interestingly enough, objects whose 
shapes recall the shapes of simple flowers 
are more readily learnt and remembered. 
They sec quite well, but a good deal less 
well than birds or men. 

Bees, again like other insects, have their 
sense of smell, as well as their most sensitive 
faculty of touch, in their antennae ; and 
experiment shows that they can distinguish 
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various smells readily enough. Oikh* be 
have been taught to associate th(‘ smeH 
of peppermint, for instance, with a suppu, 
of sugar-water, a drop of peppermint oil 
will attract them from a considerable 
distance. On the other hand, bees are 
only about as sensitive to smell as men 
and fall far below dop or certain moths iri 
their olfactory capacities. They are even 
excelled by the professional perfume-experts 
employed at scent-factories when it eomes 
to distinguishing between two very similar 
smells. 

They have a brain-machinery which 
enables them to use these senses in quite a 
varied and effective way. They can he 
trained to associate particular colours and 
forms and smells with food, and to rcnK^inher 
the association apparently for the rest of 
their short lives.^ By pretty experiments 
it has been shown that when both rolom 
and scent have been associated with ibod, 
it is the colour which they look for and 
recognize while still at a distance, while the 
effect of the scent preponderates when th('\ 
are close. If, for instance, they have bmi 
used to find food inside a small box painted 
yellow and scented with oil of roses, and 
then a number of similar boxes are set out, 
one unscented but painted yellow, anothci 
not painted but smelling of roses, they will 
begin by flying straight to the yellow box, 
but will check and refuse to enter it when 
they miss the familiar scent ; however, any 
which then happen to come within ranf^e of 
the smell of roses will enter the scented box, 
though it lacks the familiar yellow colour. 
As wc shall see later, this is what happens 
in nature ; different flowers are recognized 
far off by vision ; but smell is the final means 
of identification. 

I'he bees’ powers of finding their way are 
remarkable. If you catch a bee a.s it is 
entering the hive, imprison it in a box, 
mark it with a dab of colour, and liberate 
it a mile away, within a few minutes it ''ii^ 
be at the hive again. Some observei-s 
thought that bees and other insects possessed 
a special “ sense of orientation ” through 
which in some unexplained way they were 
drawn back to the hive, but this is a baseless 
and needless assumption. The bee learns 
the lie of the land round the hive by explora- 
tion flights. The flights grow longer and 
longer, until a radius of two or three miles 
is thus learnt by heart ; but if you take 
your captive bee beyond this radius, sbe is 
hopelessly l<5»t. 

Even when there are a number of simil^^ 
hives in a row, the bees usually find their 
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l).i( k to the right hive. But mistakes are 
j,y Tio ineans infrequent, as you can convince 
\oursf by marking a series of bees from 
one Indeed, we should expect mis- 

takes, for finding the right hive must be 
as hard as finding the right door in a long, 
drab street where the houses had no numbers. 
When a queen makes a mistake on her 
return from her marriage-flight the matter 
becomes serious ; for she will get killed in 
a strange hive, and her own hive will be 
qiieenless and will peter out unless the 
workers manage to raise a substitute-queen. 
Accordingly, for years past, many bee- 
keepers have painted their hives different 
colours ; but opinions were long divided 
o\'(’r the value of this measure. The dis- 
covery of the limitations to bees’ colour 
Msion has cleared everything up. Colours 
do help the bees to find their way home — 
but, n-aturally enough, only if the t)ees can 
sec tlu'in. Black, white, yellow, grey, blue 

th(‘ l)ees can and do profit if these colours 
are used to identify their separate hives ; 
but if you put bright-yellow next to yellowish 
!f?('cn or orange, or blue next to purple 
or violet, or red next to dark grey, it is no 
help to them, because to their eyes those 
colours look alike. Von Frisch records that 
111 1922 the monks of the Bavarian monastery 
of St. Ottilie, who have a very large apiary, 
l)(,gan to paint their hives in accordance 
with these biological discoveries. In the 
ivu) ])revious years, sixteen out of twenty- 
one young queens liad been lost ; in the 
next five years only three out of forty- 
Iwo. 

Ill the absence of colour-differences, the 
bc(‘s go by differences of shape and by 
''urioiinding landmarks, big and small. In' 
■tddition, smell is- employed to help. Bees 
liavc a special scent-organ near the hind end 
itl their bodies ; and it has been shown that 
die bees of different hives exhale scents 
whi( h their sense of .smell can distinguish. 
As with ants, home and patriotism arc 
liiik(‘d with smell. A number of them may 
ohen be seen near the entrance of the hive, 
using these organs to dab their special 
on the alighting platform, and then 
fuming with their wings, so as to drive the 
sociued air out as a recognition-mark for 
compatriots. And this is done especially 
lu early spring, when memory is dim after 
die winter, or a swarm has started life in a 
situation, when the landscape is still 
^ufimiliar. ,, 

Iwo other remarkable faculties help the 
dees to find their way home. One is their 
pf)v\'er of guiding their flight by the direction 


of the sun. If you imprison a bee while it 
is feeding on a sunny day, and then liberate 
it after two, four or six hours, it will at 
once start off on a straight course, as if it 
knew the way for home ; but the path it 
chooses is not the right one ; it makes an 
angle with the right direction, and that 
angle is precisely the angle through which the 
sun has moved in the intervening time. This 
curious faculty of steering by the sun is 
not uncommon in insects ; ants in particular, 
since they cannot fly, have to rely on it to 
a great extent. 

We can thus prophesy the direction-line 
a temporarily-imprisoned bee will take on 
liberation. If we mark her, and post ob- 
servers along this line, we discover a further 
remarkable fact. She does not simply go 
on and on in this direction ; when she has 
covered a distance about equal to that 
between the point where she was captured 
and the hive, she ceases her straight flight 
and begins questing around in bigger and 
bigger circles until, if she is lucky, she finds 
the hive. The distance which she traversed 
on her outward flight is in some way recorded 
in her brain. I’his faculty of automatically 
recording distance (which probably depends 
in a bee on the number of the wing-beats 
she has made) is possessed by many animals, 
vertebrates as well as insects ; not only 
is it prominent in ants, but when rats learn 
to run a maze, it is this on which they chiefly 
rely. 

The bees’ dependence on this “ compass 
sense ” and “ sense of distance ” can be 
dramatically demonstrated by imprisoning 
a feeding bee, at once walking with it to 
a spot some way on the other side of the 
hive, and .setting it free. Guided by the 
sun, it now flics directly away from the 
hive ; but stops and searches when it has 
flown the right distance.- Bees in nature 
use any and every one of these methods of 
finding the way home — sight, smell, compass- 
sense, and sense of distance ; the emphasis 
falls on one or the other according to the 
nature of the country round the hive. 

With this knowledge about the capacities 
of their senses and their memory, von Frisch 
could go on to the real kernel of his experi- 
ments. If you put out a source of food — 
a strip of paper smeared with honey, or 
(better for experimental purposes) a little 
dish of sugar-water — not too far from a 
hive, sooner or later it will be discovered. 
It is almost always some hours, and often 
several days, before this happens ; but 
once one single worker has found it you 
can be sure that within the next hour or 
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two it will be visited by scores or hundreds 
of bees. Somehow the hive has been told. 

Marl^g, watching, and waiting enabled 
von Frisch to unravel the story. A bee 
that has found a new source of food flics 
back when her crop is full. In the hive 
^ she pumps up the shining drop of liquid 
and gives it to younger workers. Once 
rid of her burden, she begins a peculiar 
little dance, running with rapid steps in 
narrow circles over the comb, first in one 
direction, then in another. The dance, 
which always takes place in a crowded 
part of the hive, creates a good deal of 
excitement among the bees near the per- 
former. They run after her, trying to touch 
her abdomen with their feelers. After 
anything from a few seconds to a minute of 
this excited dance, with its comet-tail of 
interested bees, the dancer slops. She may 
repeat the dance somewhere else, but soon 
goes off again to fetch more nectar, repeating 
the performance each time she returns with 
a full load. 

It is easy to convince yourself that the 
dancer does not act as a guide when other 
bees follow to the source of food ; and yet in 
a short time there will be plenty there. It 
looks as if the bees must have a real language, 
and that the dancer can tell her fellows that 
there is a good bed of clover under the hedge 
two hundred yards south-south-east— or a 
dish of sugar-water in the angle of the garden 
wall— information which they then act upon 
at their leisure. 

Experiment dispels such illusions. If you 
provide a dish of sugar- water, mark the 
first few bees that visit it, and then put out 
half a dozen more dishes in different direc- 
tions and at various distances from the hive, 
then although all the marked bees return 
only to the original dish, within an hour all 
the dishes will *have been discovered by 
unmarked bees. The dance is simply a 
sign that food has been found ; it stimulates 
honey-gatherers who have been sitting quiet 
at home, and impels them to go out and 
search ; but it gives them no information 
as to where they should search. Von Frisch 
found that bees from quite a small hive, in 
hilly country, when stimulated by the dance 
to go searching, would find his little sugar- 
water dishes put out in the meadows more than 
half-a-mile away from the hive. It is known 
that bees from larger hives in flatter country 
will visit flowers two or three miles off ; and 
doubtless this represents the distance to 
which they will search. Take the sugar- 
water away, soon after it has been first 
found, and the bees behave as they would 
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when a natural source of nectar facl(■^ • ,1 
danM no more on remrning to the liiVo S 
sit at home ; and no fresh bees are 
to the search. 

If instead of a dish of sweet liquid we n . 
out one containing layers of blottinu-nanl 
moistened with sugar-watcr, the bcis h n 
^eat trouble in sucking it up. App.rontlv 
the poorness of the supply reacts on theil 
feelings ; at any rate, such bees no hnZ 
dance when they get home, but simply gL 
what they have got to their younger siiers 
and return straight away to the dish. Th^ 
same happens in nature when a source of 
supply is drying up and the bees have to 
visit an unduly large number of flowers to 
get a load. It would be uneconomic al for 
^l the battalions of the hive to be mobilized 
for a skimpy supply of nectar. And thioutrh 
this simple arrangement— that the bees 
dance when they have had an easy time 
getting food, and do not dance when they 
have had trouble or difficulty—a 
proportion is ensured between the richness 
of the supply and the number of workers 
that turn out. So on a cold day, or at a 
season with few flowers, only occa-siona! 
scouts will be going out from the hive. Ihii 
if they find anything, their return sets a 
number of others in motion. 

This, however, is only the ABC of the 
bees’ code. Now come the subtleties. \Vr 
proceed to attract a few bees to a dish of 
sugar-water as before; but we stand the 
dish on a piece of paper on which we have 
put a few drops of some strong scent, like 
peppermint-oil. We then put out a number 
of other dishes, two or three also periumrd 
with peppermint, others with other strong 
scents (essential oils are the best, such as oil 
of thyme or jasmine, bergamot or lavender), 
still others without any addition of .scent. 
And now we find that only those scented with 
peppermint will attract any visitors ; (he 
rest are neglected. The experiment works 
equally well with natural nower-perfumes, 
In place of the artificial dish, we use a bunch 
of flowers, say phlox, each flower filled with 
a drop of sugar-water to ensure abundance 
of supply. Then, when a few bees have found 
this, we set out other bunches of phlox not 
provided with sugar-water, together with 
bunches of cyclamen. Some bees are busy 
on every phlox posy, but leave the cyclamens 
strictly alone, even if they are stood dose 
alongside the phloxes. This is all the more 
remarkable since phloxes are adapted only 
to moth visilis, and the short-tongued 
cannot reach the nectar in their deep 
corolla-tubes. Yet once the artificial tieat* 
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oi one bunch of phloxes with sugar- 
^ater hds associated phlox-smell and food- 
suppK, hecs go on visiting all the phloxes 
jljey CcHi find, searching busily for the nectar 
which niight to ^ there by all the rules of 
the game but isn’t. After this has been 
going on for a time, we substitute for the 
sugai-v\atered bunch of phloxes a similarly 
treated bunch of cyclamens ; gradually the 
numl)er of bees on the other phloxes 
diminishes, and the cyclamens begin to be 
visited, until in an hour or so all arc searching 
cycLiinens. You can vary the experiment 
as you like ; any scented flowers will do — 
lieaiis or thistles, gentians or vetches — the 
result is always the same. The scent of the 
flower clings to the bees’ hairy abdomen ; 
the trail of workers behind a dancing bee 
rr turned from honey-gathering is sniffing 
at lur (if the word sniff be permitted cf 
antenna') to get her adherent floWhr-scent. 

Now we see that the apparently incon- 
venient arrangement by which the dance of a 
sucressful nectar-gatherer sends out other 
l)ees ill all directions and not only to the 
original source of supply, is seen to be 
' adiniiahly adapted to the realities of the 
situation. The recruits are sent out in all 
directions ; but they arc only searching for 
flowvis of one particular kind. In nature 
mail) plants of one kind will begin to bloom 
all over the place at about the same time. 
lliLis the discovery of a single plant freshly 
in bloom will set large numbers of bees 
searching the countryside for others of the 
same sort. The method is as good a one as 
could be devised for exploiting as rapidly 
and hilly as possible the different sources of 
linnc)' which succeed each other during the 
suiiiiner season. 

1’ Hi ally, a further subtlety ensures that 
iberc shall be no undue waste of energy. 
^\e put out two dishes of sugar-water at the 
same distance, but in different directions 
bom the hive. Each is soon discovered by 
a few bees, which then remain constant 
In thrir own source of supply. In place of 
one dish we then substitute a poor supply, 
in the shape of blotting-paper barely 
nmistened with sugar-water. The bees from 
dns dish, as we have seen, will not dance 
whe n they return to the hive. But those 
Iroiii the^ other dish will dance, and their 
dances stimulate new contingents of workers 
to 11 y off and search. We should expect 
diat equal numbers of these fresh workers 
'^oiild visit both sources of food ; but this 
IS nr)t so — the visitors to the moist blotting- 
pn})er number not more than a tenth of those 
dnu come to the easily av^lable food. By 
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close observation, followed by detailed experi- 
mente into which we cannot go, the reason 
for this was found. The different scents of 
different flowers act as so many signals in 
this code. But the worker-bees themselves 
also have a say in the matter. They, too, 
have a “ scent-sign ” ; they can add this 
scent to that of the flowers, or they can 
withhold it. When present it emphasizes 
what the flowers have to tell ; its absence 
weakens their appeal. The worker-bees 
have two scent-glands near the tip of their 
abdomen. These are usually tucked away 
inside the body, but they can be extruded, 
and then exhale a scent which to human 
nostrils smells like the plant called balm. 
When they are feeding at a rich source of 
supply, be it dish or flower, they keep on 
dabbing with these at their surroundings, 
and before settling they usually fly abopt for 
a little, impregnating the air with this scent 
of balm. 

This scent is the emphasis-note in the 
bee code. When bees are on the search for 
a flower with a particular scent, they will 
be moderately attracted by the scent alone, 
but they will be strongly attracted when the 
flower-scent is thus underlined and rein- 
forced by bee-scent. This fact ensures that 
when a group of flowers has been thoroughly 
exploited by bees, it shall not have the same 
attraction for newcomers as flowers already 
discovered but not yet fully spoiled of their 
nectar. 

This seems to exhaust the bees’ code about 
nectar. But nectar contains no nitrogen, 
and nitrogen is as necessary for the repair 
of bee bodies as of our own, Flowers also 
produce pollen ; and pollen is rich in 
nitrogen. Accordingly pollen-gathering is 
just as important a part of a bee’s activities 
as honey-sipping. Nectar and pollen 
between them make up the whole of a bee’s 
dietary. When a bee is going out after 
pollen, she first takes a little honey in her 
crop from the stores at home. Arrived at a 
flower, she scratches the pollen off the 
stamens with jaws and front legs, meanwhile 
bringing up a little honey from her crop to 
make the dusty yellow powder sticky. Her 
feathery body-hairs also catch pollen, so that 
she soon gets floury all over. With the 
elaborate combs on the much-enlarged first 
foot-joint of her hind-legs (as in other insects 
her tools are part of her body), she rakes thb 
pollen-flour off ; then she rubs her hind-legs 
together below her body, and by the aid 
of the wonderful bit of machinery at the joint 
just above the combs the pollen they have 
collected is pushed through on to the out^de 
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of a joint next above, which is hollowed out 
into a shallow trough bordered with long 
springy incurved hairs, and ads as a pollen- 
basket. With her middle pair of legs she 
pats the accumulating pollen into shape, 
until eventually she is carrying two great 
pollen-masses, each nearly as big as her head. 
So home to the hive, where she strips off 
the pollen-masses into a pollen-cell, leaving 
them to be pounded tight by younger bees ; 
and then back for another load. 

The division of labour in the hive goes 
deep. Bees that go pollen-gathering rarely 
search for nectar at the same time. And, 
like the honey-gatherers, they usually 
restrict themselves to one flower at a time. 
I’he methods by which their activities are 
regulated turn out to be extremely similar 
to those we have just set forth for the honey- 
gatherers. When they come back to the 
nest after a successful trip, they execute a 
dance (which is as distinct from the honey- 
dance as a waltz from a one-step), and this 
stimulates others to go pollen-hunting. 
The surprising new fact here discovered by 
von Frisch is that each kind of pollen 
has its distinctive scemt ; this is different 
from the scent of the flower as a whole, 
which is usually exhaled by the petals. 
While the nectar-gatherers arc guided by 
flower-scent, the pollen-gatherers go entirely 
by the smell of the pollen. This was 
prettily proved by cutting off the stamens 
of two different flowers, like campanula and 
rose, and putting the stamens in the wrong 
flowers. When a campanula with rose- 
stamens was provided and a few workers 
came pollen-gathering at it, their dance 
stimulated the bees at home to go out 
looking not for campanulas but for roses. 
Campanulas were not visited ; the smell of 
rose-pollen prevailed over that of campanula- 
petals. Curiously enough, although the 
honey-dance and the pollen-dance are quite 
different, it is the scent adhering to the 
dancing bee, not the type of dance she 
executes, which decides the activity of those 
she stimulates. This von Frisch proved 
by catching a bee who was drinking sugar- 
water and sticking a pair of pollen-bags 
of rose-pollen on to her legs. She flew 
home and, being agreeably full of nectar, 
executed the honey-dance ; but the bees 
that were stimulated to go abroad went 
hunting pollen in roses. As with nectar, 
the pollen-gatherer who finds but scanty 
pollen docs not dance on her return ; but 
if pollen is abundant, she underlines the 
fact by scenting the flower and its neigh- 
bourhood with her own scent-organ. 
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The bees’ code thus consists, first of twi 
as many “ signs ” as there are kinds nf 
flowers in the neighbourhood adapted t 
being visited by bees ; each flower coniri" 
butes one sign through its general scent 
another through the scent of its poU^^’ 
The colours and forms of the flowers also 
have to be learnt by the bees ; they enable 
another sense to be used in the search 
This mere si^al-list is converted into a 
means of providing information by the bees 
themselves — the dancing after a successful 
trip, and the imprinting of their own scent 
on plentiful sources of supply. 

Doubtless, as von Frisch says, there an- 
many other things to learn about the sif^- 
nailing of bees. The gathering of pollen 
and nectar is but one of their many activities ; 
and there must, it seems, be methods oi 
conveying information about comb-buildin^r^ 
grub-feeding and other things which arc doiu* 
inside the hive. Here a fruitful field l()r 
experiment remains. 

Certain central parts of the coinh air 
reserved for the developing brood, with a 
zone of pollen-cells round them, and thr 
honey-cells filling up the rest of the spacr- 
a lucky arrangement, since it enables thr 
bt'c-keeper to provide us with pure hoiir\- 
cornb without admixture of grubs or pupa* 

When the hive’s population has iurnMsrd 
to a certain size, the workers begin raisiiiL; 
a half-dozen or so grubs to be queens 
A few days before they are due to hatch, the 
workers take a further decision ; after a 
time of unaccustomed restlessness, about half 
of the thousands, filling their crops with 
honey from the stores, fly out in a wild cloud 
of circling, buzzing life, together witli the 
queen. Soon the queen settles on a branch 
and all the flight settles round her in 
dense cluster, pounds of bees in a solid umss, 
constituting a swarm. A few scouts aic 
busily flying about looking for suitable spots 
for a new nest, and if the bee-keeper docs 
not speedily come and coax the swarm into 
one of his own hives, he will have the chagrin 
of seeing the cluster resolve itself once more 
into a cloud and fly away out of sight. 

Among the population left behind, a nev\ 
queen hatches out, and after a week or two 
flies out on her nuptial flight, is fertilized 
once and for all by a single one of the 
pursuing drones (the race for reproduc tion 
between the rival males has led to their 
possessing powerful flight and very 1 urge 
eyes to keep the mounting queen in sight), 
and returns teethe hive, which she will never 
leave save at swarming-time. If the popu- 
lation is only moderate, the workers kill 
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jH iiu (Hher queen-pupae. But if it is still 
large, the first-hatched of the young queens 
will ck part with a new swarm, and then the 
workn s keep the other queens in their cells, 
making a little slit in the roof through which 
the prisoners stick out their tongues to be 
fed, and keep the first queen away from 
them ; otherwise she would sting them to 
death before their emergence, for, unlike the 
quren ant, the queen bee tolerates no rivals. 

Ab autumn draws on, the attitude of the 
workers towards the drones undergoes a 
change. As long as new swarms were 
possible and there might be new virgin 
(|ueeiis to fertilize, the drones arc carefully 
(ended and fed (they are incapable of getting 
food Ibi themselves from flowers), even if they 
(hance into a strange hive. But now they 
begin to be bullied and nipped, and the 
workers pull them roughly about and throw 
ihrin out of doors. They try to make their 
w,\\ 111 again to food and shelter, but are 
((reeled with more bites and even stings. 
And so gradually some by starvation and 
boine by cold, some stung to death, this 
one-sided sex war ends with the death of 
.ill the drones, and the community, now 
solidly female, settles down for the winter. 

In some ways the hive-bee communities 
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are not so highly organized as those of ants ; 
they have only one neuter caste, and their 
rigid dependence upon flowers for their 
food has prevented any such marvellous 
radiation into many ways of life as took 
place during ant-evolution. But in their 
buildings they are pre-eminent, and their 
storage-system is better developed than in 
any other invertebrate animals. Their 
remarkable method of giving information 
so as to exploit to best advantage a great 
number of kinds of flowers also stands alone, 
though we can feel sure that fresh observations 
will reveal something analogous among 
ants and termites. But, as with ants and 
termites, there is no real comparison to be 
made between their communities and those 
of man. The two organizations are of 
different kinds, and rest on different 
foundations. The successes of human com- 
munities have been gained by abandoning 
as far as possible all the things to which 
the successes of insect communities are due. 
The power of automatically performing 
unlearnt actions, which is the basis of the 
acts of bees or ants, in man is nearly absent ; 
individual flexibility and indefinitely growing 
community-experience take the place of 
rigid behaviour fixed by inheritance. 


719 



BOOK 8 


3 


chapter 

THE 

EVOLUTION OF BEHAVIOUR 
IN VERTEBRATES 

§ I. The Vertebrate Nervous System. § 2 . The Mind of a Fish. § 3 . The Am- 
phibian Mind. § 4 . The Brain in Reptile, Bird, and Mammal. § 5 . Courtship in 
Animals. § 6. The Evolution of Mammalian Intelligence. § 7 . Education k 
Animals. § 8 . Play. § 9 . The Behaviour of Monkeys and Apes. 


§ I 

The Vertebrate Nervous System 

W E now leave the arthropods and their 
elaborate instinctive life and proceed 
to consider the evolution of that type of 
brain which is characteristic of the verte- 
brata and which leads up to and culminates 
in our own. 

We shall have to go somewhat more 
deeply into anatomical detail than we have 
hitherto done. , The human mind can be 
properly understood only if one has a 
knowledge of its material substratum, the 
brain. That brain is a very complicated 
organ, and though the triplex author will 
simplify his account as far as he possibly 
can, sparing his reader every technicality 
that can be spared, yet, even so, what follows 
will need close and attentive reading. 

To begin at the beginning : all vertebrate 
animals are made on the same plan ; all 
vertebrate brains consist of the same chief 
parts, although, as we shall note, the different 
classes vary enormously in their elaboration 
of detail and in the relative emphasis which 
they lay on the different brain-regions. We 
will start with the earliest and simplest 
phases of development. 

In a young embryo, the first parts of the 
nervous system to appear are the great 
central exchanges, the brain and spinal cord, 
and, curiously enough, these originate as a 
tube of skin. We will choose that primitive 
vertebrate, the lancelet (fig. 77), as an 
illustration of this point, for it lays eggs 
that contain very little yolk, and its develop- 
ment is therefore comparatively straight- 
forward. In higher vertebrates there are 
various complications due to the presence 
of vast yolk stores, or to the growth of 
embryonic membranes, which we will do 
our best to ignore. 

An early lancelet embryo, five or six hours 
after fer^ization, is a roughly egg-shaped 
object, just visible as a whitish speck to the 
naked eye. If we were to cut it across, 
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as cucumbers are cut acros^ the cut md 
would look like Fig. 304. The body is 
made of two layers of tissue, each only one 
cell thick. The outside layer (stippled) 
is the skin of the embryo. The inside layer 
(shaded) is the wall of its digestive tube ; 
the cavity in the middle is the digestive 
cavity. Now it can be seen that the part 
of the layer which lies along the creature's 
back is a little thicker than the rest (shown 
by a darker stipple in the figure) . This part 
is to become the nervous system. The skin 
is just beginning to grow up outside it, along 
its edges. 

Fig. 305 is a similar slice of another 
lancelet embryo, about twenty hours older 
than the first. Several important changes 
have taken place in this brief interval. 
The one that most concerns us is that the 
rudiment of the nervous system has been 
overgrown altogether by the skin, and it has 
rolled up to form a tube which runs along 
the whole creature, from end to end. But 
while this special bit of skin has thus been 
turning into a spinal cord, a rather similar 
change has befallen the part of the wall ot 
the digestive tube which lies nearest the 
creature’s back. It has separated oft Ironi 
its fellow-cells and now lies as a cylindrical 
rod, seen in the figures as an oval shaded 
area, underneath the nerve-cord. I bii! is 
the notochord — the elastic rod that serves 
as a backbone for these primitive animals 
(Book 2, Chap, i, § 3^). We also note 
a third change. A new layer of tissue has 
appeared between skin and digestive tube 
(it arises as an outgrowth from the latter), 
and from this middle layer, shown cro^- 
hatched in the figure, the muscles, blow* 
vessels, and connective tissue of the lancelet 
will develop. 

In the higher vertebrates, the fact that 
the nerve-cord arises as a strip of cinbr>o 
skin which separates off from the rest and 
rolls up to fiMotn a tube, can be demonsuated, 
although, as we have alr^dy said, there 
are complications. The hollowness of the 
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/'/if. 304. The first stage 
in (he oiowth of the nervous 
system. 


cpiitral nervous system persMts throughout 
life, i across the spinal cord of an 

adult man or woman, the cut surface looks 
like l On examining it closely, a 

liny iiole can be seen in the middle. This 
narrow channel, 
which runs right 
along the spinal 
cord, corre- 
sponds to the 
bore of the 
nerve-tube in the 
lancelet. In the 
head it opens 
into a series of 
spaces, to which 
we shall re- 
turn. 

I'he channels and cavities inside the 
fLiitral nervous system are filled with lymph- 
like fluid, and they provide one of the ways 
by which nourishing substances can reach 
ilie hrain-tissue. But apart from their 
iitilil) in that direction they are of consider- 
able interest, for they are a unique character- 
istic of our phylum. No other animals but 
urtebiates have hollow brains. The brain 
)1 an insect is a solid lump of nervous tissue. 
It is at least possible that this fact accounts 
or the superior mental development of 
/ertf hrates, for, as we shall note, tliis primi- 
ive lube has a way of blowing itself out 
acre and there into pouches, with thin sheets 
)f nervous tissue 
IS i i .s walls. 

Has is a point 
d' importance. 

A'licrever brain- 
issue collects to- 
te ther into 
louse, solid 
nass('s, whether 
n our own 
)rains or the 
>rains of insects, 

Is working is 
tcreo typed and 
utomatic ; ap- 
» ^ I c n 1 1 y an 
fficient appara- 
tis lor plastic, 
ducable be- 
aviour can only 
evelop if the 
Toy matter is 
picad out 
hinly. So 

'>i*hing. suet 
Preading possi- 
the primitive 
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in the growth of the nervous 
system. 
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hollown^s of the vertebrate nervous system 
enabled its possessors to dominate the world. 

There are one or two other significant 
facts about the spinal cord of m adult 
vertebrate. First, its substance is of two 
kinds. Most of 
it is white, but 
there is a central 
core of grey 
matter (shown 
stippled in Fig. 

306), which has 
roughly the 
shape of an H in 
our cross-cut. As 
with the brain, 
the grey matter 
of the spinal cord 
is the more vital 
part ; this is 
where the living 
telephone ex- 
changes are situated. The white matter 
simply consists of the telephone wires — of 
bundles of nerve fibres running from point 
to point, and mostly up and down along 
the length of the cord. Moreover, the H- 
shaped arrangement of the grey matter is 
characteristic. The two horns of the H 
which point towards one’s back (upwards 
in the figure) are receiving stations ; it is 
here that the nerves from sense-organs in 
the skin, muscles, and so on, deliver their 
information. 
The two horns 
which point to- 
wards one’s belly 
(downwards i n 
the figure) arc 
transmitting sta- 
tions, whence 
nerves run away 
to muscles, 
glands, and so 
forth, and con- 
trol their activi- 
ties. Another 
point seen in the 
figure is that two 
deep clefts, front 
ancl back, divide 
the spinal cord 
almost com- 
pletely into 
halves, one to 
each side of the 
body. 

This central 
tube, then, is 
the first part of 
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the nervous system to appear in an embryo, 
and from it the nerves presently sprout, 
growing and branching out through the 
body as the roots of a young seedling grow 
and branch out into the soil. 

We have examined the spinal cord in 
some detail because the brain is really only 
the front end of the spinal cord made bigger 
and more intricate ; and we can understand 
it more clearly by studying its derivation 
from this simpler part. There was once a 
medical student who described the brain 
as “ a bit of spinal cord with knobs on.” 
The lancclet has hardly any brain ; the 
front end of its spinal cord barely differs 
from the rest. This is because it has few 
special sense-organs on its head ; it lacks 
eyes, ears, and nose. Moreover, it is jawless 
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and feeds by means of a filter in its throat, 
which is largely automatic and independent 
of nervous control. There would be little 
for the brain to do. 

From an ancestor not unlike this we are 
descended. First special sense-organs 
developed, and then came the jawed mouth 
with a definite, discriminating bite instead 
of a continual automatic sieving of the 
water. Thus arose the need of a brain to 
control the jaws and to receive the reports 
of the sense-organs. As the latter became 
better and better dev^oped, the brain 
became more and more dominant over the 
rest of the central nervous system. It grew 
to be the best-informed part of the whole 
organization ; gradually the other parts 
came to subordinate themselves, to send 
their own sense-information up to this main 
centre, and to take instructions from it. 
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In a vertebrate embryo, the brain first 
appears as a widening out of the front end 
of the nerve-tube. Strictly speaking, there 
arc three swellings, not one, and they lie 
behind each other. They are called the 
fore-brain, the mid-brain, and the hind- 
brain. Fig. 307 shows in profile the head of 
a chick embryo, about two days old. The 
front end of the nerve-cord curves forward 
like a crook, for the chick is hanging its 
head on its chest. The fore-brain is a 
hollow swelling, and the right eye can be 
seen lying over it. The mid-brain Ls 
another hollow swelling at tjie bend of the 
crook. Behind it is the hmd-brain, and 
that melts gradually into the spinal cord. 
All these divisions run into each other with- 
out sharp boundaries and their cavities 
communicate freely, for they are only 
local inflations of the primitive ner- 
vous tube. 

That is the vertebrate brain in 
embryo. In later development the 
three parts take different courses, and 
each grows in its own characlerislie 
way. To illustrate the state of affairs 
in the adult vertebrate we choose the 
brain of the frog, which is drawn 
from above and from the left side in 
Fig. 308. It is a fairly primitive 
brain, and shows all the mor(‘ im- 
portant parts very clearly. A main* 
malian or human brain, although 
perhaps of more immediate interest 
to us, would be much less suitable, 
because in these higher types the two 
cerebral hemispheres grow enoi* 
mously and overlap the other parts, 
so that their relations are hard to 
make out. We shall consider them 
later on. Let us take the three main 
divisions of the frog brain one by one. 

The hind-brain is not clearly marked off 
from the spinal cord ; the latter gradual!) 
broadens out into the former. Just as the 
spinal cord is a subordinate controlling 
centre with nerves running to the irunf 
and limbs, so the sides and floor of the 
hind-brain are subordinate centres with 
nerves running mainly to the face and throat. 
The movements of the jaws (and of the gilh 
in a fish) are controUed from here. But 
there is a curious nerve called the 
{“ The Wanderer ”) which differs from the 
rest ; it runs back into the chest and 
belly and helps in the regulation of the 
viscera. 

The roof hind-brain is, however, 

very characteristic (by “ roof we mean 
the part lying uppermost in a quadruped or 




the evolution of rehaviour in vertebrates 


J fish in the natural posture). In front, just 
behin'l the mid-brain, it sprouts out into 
^ spec lal mass of brain-tissue, the cerebellum. 
Thi^i have seen, is an organ concerned 
\vith balancing the body and keeping it 
poised. In that flat, automatically stable 
creature, the frog, the cerebellum is small, 
as one figure shows ; but in ourselves, poised 
precariously on two legs, it is large and com- 
plicated (Fig. 53). It is no accident that 
sucli an organ should have developed in 
(his part of the brain, for here the nerves 
from the ear arrive, and the car includes the 
most important sense-organs of balance in 
(he body. 

Just behind the cerebellum is another 
peculiar region, where the central canal 
comes up to the surface and spreads out as a 
wide, shallow trough. Over this the roof 
of the hind-brain is not nervous at all, but 
mi extrernely thin film of living tissue. 
Outside it is a dense network of blood-vessels. 
The reason for these dispositions is not far 
(0 seek. Oxygen and food substances 
diffuse from the blood through the membrane 
into the fluid inside the cavities of the central 
iicivous system, and this helps considerably 
in fuelling and victualling the brain. The 
ihiriiied-out part of the roof of the hind-brain 
is lightly stippled in Fig. 308. 

1 he mid-brain has thickened, nervous 
walls, so that its central canal is in most 
•imiiicils narrowed like the canal in the 
''pinal cord. The most important centres 
ill its roof, and bulge up as the solid 
optic lobes,” of which there is usually 
one on each side ol the brain. In most 
W'lMebrates these optic lobes are the chief 
I (lilies to which the nerve-fibres from the 
('M’S mke their course, and they serve for 
dial important function, visual reception, 
liny are very conspicuous prominences in 
die Irog. But in mammals they are super- 
seded by the hollow cerebral hemispheres, 
‘‘iid suffer a corresponding diminution in 
Moreover, the mid-brain is the seat 
ot origin of nerves to the muscles which 
move the eyeballs, and is the main controlling 
Miiire of their movements. These are its 
dest understood duties, but there are others 
'vltich still await full analysis. In particular, 
^t(* hind-brain, like the spinal cord, seems 
^(j he concerned in essentially unconscious 
mid mechanical activity, but with the mid- 
main we come to a higher plane. Much 
the activity this region also is simple 
‘mtornatism, at least, in ourselves ; but in 
ishes and frogs the mid-brain seems to do 
many things that we relegate to our cerebral 
hemispheres, and even in mammab it may 


perhaps be the seat of conscious sensations 
of pleasure or pain. 

So far the parts of the brain arc fairly 
straightforward, and similar, except for 
very minor variations of detail, in all back- 
boned animals from fishes to ourselves. 
But the story of the fore-brain is more 
difficult. Here the organs of intelligent 
thought arise ; here are found the greatest 
divergences between the members of the 
vertebrate scries. And the fore-brain has 
a somewhat confusing way of sprouting out 
into hollow outgrowths at various points, 
which are not always nervous in function. 

Very early in the development of an em- 
bryo it can be seen that the fore-brain is 
swelling out into two additional hollow 
bulbs, one on each side, much as the sides 
of the reader’s face will swell out if he shuts 
his lips firmly and slowly puffs out his cheeks. 
'Fhese bulbs sprout out more and more 
distinctly and their connexion with the 
middle part of the fore-brain narrows down 
to a stalk like the neck of a flask. These 
two bulbs are not going to be parts of the 
brain at all ; they are the first rudiments 
of the eyes. They grow nearer and nearer 
to the skin, and as they approach it the skin 
changes curiously and gives rise to the lens 
and cornea (Fig. 47). The outgrowths 
from the brain become the retina and the 
black pigment-layer outside the retina ; 
their stalks grow solid and become the 
nerves which carry sight-impulses from eye 
to brain. 

Meanwhile, two smaller bulbs with thicker 
walls grow out from the extreme front end 
of the fore-brain. These ultimately will 
be connected to the nose by nerves, and they 
are the brain centres at which the impulses 
of the sense of smell first arrive. They are 
called olfactory bulbs, and are seen at the 
front end of the brain in Fig. 308. 

Another and even stranger growth springs 
from the floor of the fore-brain. A hollow 
protrusion, rather like the finger of a glove, 
sprouts out and grows downward and back- 
wards towards the roof of the mouth. As 
it does so a bit of the embryo’s palate 
separates itself off from the rest and moves 
up to meet it. The two organs, the bit of 
brain and the bit of mouth, unite together 
to form a compound organ, the pituitary 
gland (Book i, Chap. 4, § 5). That the 
brain should participate in this adventure 
is altogether strange, for the pituitary gland 
has nothing to do with nervous activity, 
neither is it a sense-organ ; as we saw in 
Book I, it is an organ of internal secre- 
tion. It influences growth and the general 
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chemistry of the body ; in frogs it plays ah 
important part in the animals* changes of 
colour* 

An interesting parallel case of entangle- 
ment between 3xc nervous system and the 
ductless glands is found in another region of 
the body. The nerves running out from 
the central nervous system divide into 
branches of two kinds. Some run to the 
muscles of the limbs, trunk, face, and so 
forth which arc under immediate voluntai^ 
control, and also to sense-organs in the skin 
and in deeper parts concerned with the 
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PINEAL 
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bh braced ; and it can be shown tliyt as 
they grow the knot-like swcUi^ on them 
bud out tissue of a c^erent kind. Besides 
giving rise to nerve-tissue, these germs give 
rise to a set of Httlc ductless glands. In 
later development, most of the glands thus 
formed are gathered together into two main 
masses, one lying on each side of the Ijack- 
bone just in front of the kidney, called the 
adrenal glands. (As a matter of fact, the 
adrenal gland is a double structure with a 
main central mass surrounded by a distinct 
peel ; the centre arises as we have described, 
^ while the peel 

OPTIC CEREBELLUM ' - ^ 

LOBE 


SPINAL CORO 


OLFACTORY LOBE 


SPINAL CORD 


'CEREBELLUM 


OPTIC 

CEREBRAL HEMISPHERE LOBE PITUITARY GLAND 

Fig. 308 . — The brain of the frog, seen from above and from the left side, to 
illustrate the chief parts of the vertebrate brain. 

The crosi-hatched area shows where the brain has been cut away from the spinal cord. The numerous 
little stumps are nerves, cut across a short distance from the brain. 


position and movements of the body. These 
nerves execute our ordinary conscious 
movements. But others go to our more 
unconscious regions, and supervise such 
activities as the writhings of the digestive 
organs, the speed and force of the heart- 
beat, the tension of the muscles in the arteries, 
and so forth. Moreover, the nerves of this 
second group swell out here and there into 
knot-like swellings — subsidiary exchanges, 
on the telephone analogy—where a certain 
amount of routine work can be done without 
bothering the central nervous system. 

Now, in a developing embryo, the rudi- 
ments of the nerves of this second group can 
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has a dificrent 
origin and 
different Tunc* 
tions. Why 
they thus 
come together 
nobody 
knows ; and 
the fact is a 
complication 
which does 
not concern us 
now.) This 
case is, how- 
ever, not so 
puzzling as 
the case of 
the pituitary 
gland, lor, as 
we saw ill 
Book I, the 
adrenal glands 
help in regu- 
1 a t i n g t li e 
organs ol 
digestion, cir- 
culation, and 
so forth. 
They arc a 
labour-saving 
accessory ol 
crisis when the 


the nervous system. In a 
organism has to fight or fly for its lih- it 
is obviously advantageous to suspend the 
operations of the digestive organs so that all 
the bodily energies can be concentrated on 
the effort ; at the same time the circula- 
tion must be speeded up and made more 
efficient. This is done generally by sending 
a nervous message to the adrenal glands. 
The glands pour their section into the 
blood and it circulates evAywhere, mobil- 
izing the resources of body as it 
goes. In thibj^bsence of such a dcvict* we 
should have tb send special nervous instruc- 
tions to every organ concerned* *0 
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(riands effect a great economy of nervous 

Bui we must return to the fore-brain, and 
take note of the fate of its roof. A large 
part of this roof is thin and richly supplied 
[vith blood-vessels ; like the thin part of 
(he roof of the hind-brain, it assists in supply- 
ing the central nervous exchanges with 
nutriment. But out of it there grows a 
little stalked knob, the pineal gland, showing 
irery clearly in Fig. 308. This, like the 
pituiuiry gland below, is an organ of internal 
;ecretion. But it has a curious history. At 
ine time the vertebrate stock had at least 
me eye — probably two — staring upwards 
roni the middle of the head ; to this 
jay traces of those eyes can be made out 
n many amphibians and reptiles and in 
lie lamprey, that relic from a remote past 
vhen our stock was jawless. Apparently the 
lineal gland is a forehead eye which first 
lecamc blind and useless and then (at least 
n the higher vertebrates) was turned to 
.mol her purpose, and made into a ductless 
gland. 

riie brain, like the rest of the nervous 
system, starts off in the embryo as a special- 
i7ed bit of skin. Besides nervous tissue, this 
ludiment gives rise to two sense-organs, the 
eyes, and to a whole series of ductless glands. 
We will conclude our preliminary survey of 
the vertebrate nervous system by noting 
some vitally important, dominating ex- 
changes that appear in the walls qf the forc- 
hrain as it grows. 

In most vertebrates the fore-brain has 
iinly one direct nervous connexion with a 
sens(‘-organ, and that is the nose. We have 
alricidy seen how the primitive smell- 
centres push out in front as the olfactory 
lolms. True, the eye and its nerve grow 
from the sides of the fore-brain ; but the 
nerve gets connected with the optic lobes in 
I he mid-brain, and to them it sends all its 
information. Moreover, there arc no out- 
going nerves from the fore-brain to muscles 
r>r glands. All the effectors receive their 
nerves from farther back along the nervous 
tube. A glance at Fig. 308 will show that 
the hinder half of the brain (like the spinal 
cord) is thickly beset with nerves, while the 
front half is comparatively nerveless. In 
a word (except for its nerves to the nose), 
the fore-brain is free from the immediate 
t*ouiine business of receiving information 
ttnd dispatching replies. 

And npw, in the light of the things we 
have already learnt about the brain, let us 
t^cturn to the story of how it evolved. We 
start from brainless creatures like the lancelct ; 


as the vertebrate stock evolves, a biting, 
tasting moutli and a set of highly specialized 
sense organs appear, and the front end of 
the nervous tube enlarges and reorganizes 
itself to meet the responsibilities thus put 
upon it. 

The mouth and throat come under the 
supervision of the hind-brain. Here the 
nerves to their muscles arise ; here the 
reports from the taste-organs are con- 
sidered. The ears also, and the lateral-line 
organs that we shall consider in the next 
section, send their information to this region. 
The mid-brain enlarges itself primarily 
in order to receive and analyse information 
from the eyes ; it also regulates the eye- 
movements. At the front end of the fore- 
brain a centre grows up where impulses 
from the organs of smell arrive and are 
dealt with. Each of these departments 
of the brain is dominated by a particular 
sense-organ. Naturally they do not work 
in isolation and mutual independence ; 
they intercommunicate ; they are connected 
together by nerve-cables running within 
the substance of the brain, so that their 
various activities can be brought together 
and harmonized. 

In the lower vertebrates, one or other of 
the executive departments may stand out 
over its fellows and become the leading part 
of the brain. Thus the trout is predominantly 
a visual fish. Its optic lobes are very large 
and they receive nerve-fibres from the other 
sense-centres ; all such reports arc con- 
sidered, but the final decisions are made in 
the optic centres, and impulses from the 
eye naturally play a dominating part in 
the conference. The dog-fish, on the other 
hand, relies more on smell ; the olfactory 
centres at the front end of its brain arc 
enormous, and hither the other regions send 
their reports. As any keen angler will tell 
you, a trout has a critical eye for the appear- 
ance of the lure. But fly-fishing for dogfish 
would be a very different game ; instead of 
tinsel and jay’s feathers the lure would have 
to be ornamented by judiciously chosen 
scents. To take a third example, the carp 
(which has the gait and general expression 
of an incorrigible epicure) is a gustatory 
fish ; it has very well-developed taste-buds 
in its mouth, and here the leading part in 
determining its behaviour is played by the 
distended taste-centre in the hind-brain. 

But none of the highest vertebrates allow 
one sense thus to dominate over the rest. 
They cultivate thfem ail, and keep a balance 
between them. Moreover, to guard against 
any unfair weitfhtinfir of the scales they hold 
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the conferences in neutral territory. They 
have developed special parts of the brain 
which arc not under the sway of any one 
sense-organ, and to these new centres all the 
others send their reports. The obvious place 
for these new developments was the compara- 
tively unoccupied territory of the fore-brain. 

These new centres may be called centres 
of correlation, for they are not immediately 
concerned with reception from sense-organs, 
or with the dispatch of instructions to 
effectors. The sensory information is 
digested by other centres before it comes on 
to them, and their decisions are carried 
out by subordinate centres. To draw an 
analogy with a business organization, the 
new fore-brain centres are managers and 
dictate the policy of the body ; the routine 
business of opening envelopes and writing 
letters, and even of making automatic reflex 
replies in easy cases which do not demand 
special consideration, is done by secretarial 
staffs elsewhere. 

Crude rudiments of these centres of 
correlation are found in fishes, but they do 
not attain to their full dominance until wc 
reach the higher land -vertebrates — the rep- 
tiles, birds and mammals. They fall into 
three groups. First, there is a set developed 
in the side walls of the fore-brain near its 
hinder end. Chief among these is the 
thalamus. This structure cannot be seen 
in Fig. 308, for it does not protrude 
conspicuously from the surface of the brain ; 
but it lies at the side between the optic lobe 
and the hinder end of the cerebral hemi- 
sphere. The second set appears on the floor 
of the fore-brain in front of the thalamus ; 
it is known collectively as the corpus striatum. 
As wc shall see, this set is the dominating 
part of the nervous system in birds. The 
third set is a series of sheets of grey matter 
which appear in the roof of the front part 
of the fore-brain. These constitute the 
cerebral cortex, which attains its highest 
development in ourselves. A frog or a fish 
has no cerebral cortex, and we find its first 
beginnings in reptiles. The part of the 
brain labelled “ cerebral hemisphere ” in 
Fig. 308 consists largely of the centres 
which receive smell-impressions and of the 
somewhat rudimentary corpus striatum. 
But of all thc^e parts we shall learn more in 
the following pages. 

§ 2 

The Mind of a Fish 

The first vertebrates lived in water ; wc 
ourselves show in our own embryonic 
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development that our bodies are the bodies 
of fishes turned and twisted about to 
them for a life on land. This is true of our 
brains, and correspondingly of our minds 
Some of our sense-organs are still much the 
same as they were in our finned ancestors 
The smell-cells in the nose, for example 
are definitely fishy and will only work 
if they are immersed in water ; so wc find 
in an out-of-the-way corner of the cavitv of 
the nose a special set of little glands, evolved 
when the vertebrates came on to dry land, 
whose business it is to secrete a film of 
moisture over the smell-cells-— a tiny vestigial 
sea for them to work in. So let us ihrtm 
our imagination back through the eras, 
and try to get an idea of what it was like 
to be a fish. 

The most arresting difference between the 
behaviour of a fish and that of a land* 
vertebrate is the manner of muscular 
response. Instead of long jointed limbs 
the fish has a sinuous trunk and a powerful 
tail ; instead of our standing, running, 
walking, gesticulation, manipulation, and so 
forth, it has a series of undulatory movements. 
It does not know the feeling of plantiiiij 
its feet on firm ground, for its weight docs 
not greatly exceed that of the surroundini^ 
water ; instead it swims through a medium 
somewhat heavier and more resistant than 
air, and its muscular energies largely consist 
in a rhythmical sideways pressing of body 
and tail against that enveloping substance. 

Running along the sides of a fish’s bod\ 
is an important sense-organ that we lark 
completely — the lateral line. This is noticed 
as a white stripe along nearly the whole 
length of the dogfish, from the tail to the 
back of the head, in Fig. 68. When it 
gets to the head it divides into two or three 
branches, which run about on the cheeks, 
chin, and snout, and make patterns which 
vary in different kinds of fish. 

On examining the lateral line closely 
we should see a row of fine pores all alom? 
it, but larger and more conspicuous on the 
head than elsewhere. These pores open 
into a common canal, which lies just under 
the skin. Inside the canal there are bunches 
of sensitive cells rather like the sensitive cells 
of the inner-ear. As a matter of fact, there 
are grounds for believing that the car is really 
only a bit of the lateral line enlarged and 
glorified for its special functions— 
as our cerebral hemispheres are enlarged 
and glorified bits of spinal cord. But that 
is by the waf^* 

Just what this lateral line docs is by np 
means clear. Some writers believe that it 
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;tects currents, others that it is sensitive 
^ pressure, others again that it responds 
It, slo^v pulsing vibrations of the surrounding 
mcdiuni. Perhaps the most plausible sug- 
(Tcstiou is that it feels the force with which 
“he fish’s flanks press against the water. 
Xhc animal progresses by means of a series 
of wave-like sideways pushings of great 
stren^^th and delicacy — for they have to be 
nicely controlled if it is to go straight. 
We may assume that it has a delicate sense 
of the contact between itself and the water, 
responsive to every slight variation in inten- 
sity, and that this sense is one of the regular 
pervading elements in the background of its 
mental life. 

rhe eyes of fishes are less well developed 
than oui*own, and this is only to be expected, 
lor water is not so favourable a medium for 
vision as air. Generally it is more or less 
turbid, either because of suspended mud or 
sand, or because of the very intensity of 
minute floating life in it ; even in the excep- 
tionally transparent water of coral islands 
it is not possible to see very far. To a fish 
distant objects are perceptible as looming 
shadows — even with our own refinements 
of the eye they would be little more — and 
clear vision is only possible at close quarters. 
Accordingly we find an interesting difference 
between a fish’s eye and our own. We 
ourselves, when we relax our eyes, focus 
them on distant objects ; that is the natural 
position of the parts to which they auto- 
matically tend, and to examine close objects, 
fis in reading or writing, can only be done 
by exerting certain little muscles which 
alter the shape of the lens. But the machin- 
ny of accommodation in the eye of a fish 
IS dillerent. Here, in the relaxed position 
the eye is focused for near objects, up to a 
l<>ot or so away, and the focusing-muscles 
work in the opposite direction. By straining 
their eyes big fishes can focus them on 
objects up to some thirty or forty feet in 
distance. But the figures depend, of course, 
on the size of the fish. Little trout, about 
six inches long, can see clearly for about a 
foot or eighteen inches. Outside that radius 
their world is hazy and fades away. 

^^ian fish smell ? The point is often dis- 
puted, for our noses detect perfumes borne 
in the air, and on the surface of things, at 
jt^ast, it is hard to imagine a fish as smelling 
in an analogous way. But the difficulty 
disappears when we remember the little 
i^it of sea in our noses in which our smell- 
Jjells are immersed. Odorous substances 
hoin the air have to dissolve in that film 
fluid before they can be perceived at all. 


^ a matter of fact, it can be proved that 
in fishes the senses of smell and taste arc as 
distinct as they are in ourselves. Such 
substances as we know as odorous stimulate 
the nose and the information is conveyed 
thence to the olfactory lobes at the front 
end of the brain. Substances which are 
bitter, sour, and so forth and stimulate our 
own taste-organs are perceived by similar 
organs in fishes, and in this case the infor- 
mation is received by a centre in the hind- 
brain. But in a fish there is no reason why 
the taste-buds should be confined to the 
mouth, for the whole skin is moist and 
suitable for their operation ; and we do 
indeed find that many fishes taste with 
other parts of their anatomy. In cat-fishes, 
and in the carp and its relatives, taste-organs 
are found over the whole body, being 
especially plentiful in the little “ feelers ” 
and barbels that often project downwards 
from the chin and are used to examine the 
mud and to detect any smaller animals or 
other appetizing morsels. If you quietly 
drop a bit of meat close to the flanks of a 
cat-fish, the animal will twist round and snap 
it up at once, in virtue of its diffuse powers 
of taste. 

Moreover, there is a third chemical sense 
in fishes, distinct from these two. This so- 
called “ common chemical sense ” is stimu- 
lated by various irritating substances and by 
alterations in salinity, and it is apparently 
much less discriminating than taste or smell. 
It has no specially constructed sense-organs, 
l)ut depends, as pain depends (Fig. 41), on 
free nerve-endings in the skin. But it is a 
sense distinct from pain. Newts show the 
same common chemical sense. In the 
higher land-vertebrates it is largely lost ; 
the dry, thick skin that they find necessary 
to prevent excessive evaporation of water 
makes such a sense an impossibility. But 
just as smell and taste linger on in special 
moist corners of the body, so the common 
chemical sense lingers in such places as the 
inside of the nostrils and the cornea of the 
eye. The smarting of the eyes, nostrils, and 
mouth, produced by ammonia vapour, is an 
instance of its operation. 

For the chemical senses, then, fishes are 
well equipped. Their ears on the other 
hand, arc primitive. They have, of course, 
the apparatus of three semi-circular canals 
at right angles to each other with which 
all vertebrates balance themselves, but the 
part which corresponds to our cochlea 
is so poorly developed that it is doubtful 
whether they can hear sounds at all. The 
fish car lacks the apparatus of outer-ear, 
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imides, and cat-drum that collects vibrations 
and transmits them to the inner labyrinth 
in ourselvei ; embedded in the skull, the 
latter can only be stimulated by vibrations 
that have passed through the tissues of the 
head. Fishes can be trained to come for 
their food when a shrill whistle is blown 
or when a bell is rung ; but Parker has 
shown that similar reactions can be brought 
about by jarring the side of the aquarium with 
a pendulum as stimulus. In both cases the 
response is abolished by cutting the nerve 
to the ear. It may be that a loud sound 
affects the fish like a sort of fluid jolt, a 
sudden disturbance of the water, and no more 
than that. Their ears are, perhaps, more 
tactile than auditory. 

In the matter of other senses — touch, 
pressure, pain, and so on — fishes are probably 
very much as we are, save for an outstanding 
exception. Even if they are sensitive to 
temperature they can seldom experience 
such sensations as the sudden warmth of a 
ray of sunshine or the chill of a breeze, 
because of the very uniform temperature of 
the Water in which they live. 

As for the intelligence of fishes, most 
people who have studied them carefully 
are agreed that they are stupid and learn 
but slowly. One or two instances of their 
educability are worth quoting. Triplett 
kept a pike in an aquarium with a number 
of smaller fish, but he separated the two by 
means of a glass plate. Soon the pike learnt 
that to leap at the other fish was to get a 
sharp blow on the nose — although it could 
not possibly understand the reason, for the 
glass plate was perfectly invisible. Presently 
the glass plate was removed, and the pike 
swam round with the other fishes. But it 
never made any attempt to seize them. 

Thorndike put fish at one end of a glass 
tank, with an attractive shady corner with 
food in it at the other. In between were 
a series of glass partitions, each with a 
hole in it in a different place. The fish 
felt their way to the other end of the tank 
by bumping up against the glass plates and, 
alter a considerable amount of trouble, 
finding the openings and getting through. 
But after a number of trials they learnt 
where the invisible openings were situated, 
and swam directly to the goal. Recently 
Bull has begun to analyse the learning-powers 
of fishes by means of Pavlov’s method of 
conditioned reflexes (of which we shall learn 
more hereafter), and he is getting surprisingly 
good results. 

A fish, then, can learn a certain amount, 
albeit with labour and slowly. But it 

728 


lives in a curiously drehmgeribed world 
Light soon loses itself as it travels throu^rii 
water ; sound-waves also travel badly in the 
heavy medium. Even smell is a shon-dis^ 
tance sense in a fish and not a long-distance 
sense as it is in a d^ or a deer. Water 
currents are very different from breezes 
and fish sniff at things and thus find their 
prey, but do not scent it from afar. One of 
the most important things that happened 
to the vertebrate mind when our stock came 
on land was an enormous extension of the 
radius of the perceptible world. 

§ 3 

The Amphibian Mind 

Before we go any further we musf take up 
again our account of the vertebrate nervous 
system, and note an important diflVrence 
between the fore-brain of all land-verte])rates 
and that of most fish. The rest of tlie l)rain 
need not detain us, for it is very much the 
same in all vertebrates ; they all have 
underlying their conduct the same basis of 
automatic reflex behaviour. As we proceed 
the fore-brain will force itself more and more 
exclusively on our attention. 

Fig. 309 is a rough diagram to show the 
essential points at issue. On the left is the 
fore-brain as it appears in most fish. It is 
drawn from above. The front end of the 
mid-brain (M) is seen behind ; this leads 
into a hollow swelling (F) which is the fore- 
brain. At its extreme front two pouches ( 0 ) 
have grown out ; these, as we have seen, 
are the olfactory lobes. The chief nervous 
exchanges are indicated as stippled areas 
in the figure. First there is a mass of tissue 
concerned with the reception and analysis 
of impressions from the nose. This appe.u’s 
as a U-shaped area coming back from the 
olfactory lobes. In most fish it lies as a 
conspicuous swelling on the floor of the fore- 
brain, and near the middle line. At the 
sides of the fore-brain some other centres 
can be seen, especially near its hinder end. 
These arc not intimately bound up with any 
of the sense-organs ; they are the rudiments 
of those superior centres whose evolution 
we discussed at the end of § i. ^ 

Contrast with this the drawing on the right, 
which is a general scheme of the fore-brain 
in land-vertebrates. Instead of being a 
single chamber the fore-brain has nearly 
divided itself into two, so that now it has 
the shape of a Y. Behind is a region (T) 
called the b0lween-brain, which remains 
undivided through life. In front of this is 
the divided part ; its two halves arc called 
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the crrebral hemispheres. (They arc clearly 
seen in Fig. 308, but the frog differs from 
most land-vertebrates in having its olfactory 
lobes joined toother in the middle line.) 
Properly speaking, a fish has no cerebral 
hemispheres, although it has the undivided 
parts corresponding to them. 

Just why the front part of the brain should 
bisect itself in this way is not known ; but 
the resulting Y-shape of the fore-brain runs 
through all the animals with which we 
now have to deal. Oddly enough, it first 
appears in lung-fishes, those strange links 
between water-life and land-life, 

Notice how the main nervous exchanges 
come to lie when the partial bisection has 
been done. Those concerned with the 
sense of smell have been divided by the 
incision and now lie in the inner 


find that the amphibians arc stupid creatures 
wi^ a certain endowment of instinct but 
mth very HtUe intelligence or educability. 
Ihose who have made pets of newts or 
trogs testify to the general witlessness of the 
creatures. There is, however, a distinction 
between the tailed and tailless amphibians. 
Newts and their relatives still wriggle 
precariously on the border-Hne between 
water and land ; their tails arc not very 
powerful for swimming compared with the 
tails of fishes, and their limbs are small and 
feeble. Frogs and toads arc altogether 
more competent creatures. Except for their 
larval history, they are true land-animals 
with powerful legs. They are not nearly 
so dull as newts ; and their brains (especially 
their optic lobes and thalami) show a better 


wall of each hemisphere, and rather 
towards its floor. In that position 
what we may call the nose-brain ” 
is found in all vertebrates from the 
amphibians up. The superior ex- 
changes are enlarged and elaborated 
in the brains of land-forms, and in 
our diagram we can distinguish two 
pairs of these. The first pair lie one 
in each of the cerebral hemispheres ; 
they are thickenings of the outer 
halv(‘s of the floors of the hemi- 
spheres. Each of these is called a 
corpus striatum. The second pair 
lie at the sides of the hinder, un- 
divided part of the fore-brain ; each 
IS a set of three or four centres, of 
which the most important is the 
thalamus. 

Ihis brings us to the fore-brain 
as i( occurs in the most primi- 
hve land-animals, the amphibians, 
fhe cerebral hemispheres are 
largely occupied with the sense of smell, developmentof the leading nervous exchanges. 

ver most of the walls of the fore-brain, But even frogs arc morons compared with 
where they are nervous in structure, the reptiles. 

my matter lies up against the internal Nevertheless, a study of amphibian 
cavities, and outside it is a layer of white behaviour illuminates the contrast that we 
That is to say, most ofit is organized have drawn between life in water and life 
the spinal cord. on land. The lateral-line organs, for ex- 

^ I "y die smell-brain, on the inside ample, linger on in aquatic amphibians 
'val s of the^jcrebral hemispheres, is there a —in tadpoles and many newts— but disap- 
endency fpr the grey matter to move away peaf in the definitely terrestrial frogs. 
^f>ni the primitive position and to spread Again, true hearing and the voice appear 
evenly through the whole wall of the brain, as the vertebrates move into a light gaseous 
bis is a foreshadowing of a most important medium which can convey sound-waves 
cvelopmcnt that occurs in higher vertebrates adequately. \Iost newts are deaf and dumb ; 
'^the growth of layers of grey ihattcr on the J^ut frogs have car-drums, and a single 
^nace of the brain. ossicle connecting each drum with uic 

^orrespondingwith this primitive arrange- labyrinth of the inner-ear; and frogs, as 
'^ent of tte highest centres of the brain we anybody knows who has lived near a frog- 



Fig- 3^9- evolution of the fore-hrain {see text). 

{M) is the mid-brain. {F) the fore-brain, (0) the olfactory lobes ^ 
( T) the between-brain, and (C) the cerebral hemispheres. 
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populated pond, have vocal cords of which 
they make good use. Some such chorus of 
croaks, trills, grunts, and metallic clicks 
must have echoed in the warm coal-measure 
marshes when, with the amphibian, the 
voice came into the world. 

Eyes are small or absent altogether in newts, 
but m frogs and toads they are well developed, 
and are the chief sense-organs by which the 
creatures hunt their prey. Even so, the 
amphibian eye at its best seems to give a very 
blurred image. Frogs and toads will not 
touch their prey unless it moves. A hungry 
frog sees a fly crawling along ; he sits up 
alertly and takes a few steps towards it. 
If the fly stops still, nothing further happens ; 
but as soon as it moves again, out flicks the 
frog’s sticky tongue, and the fly disappears. 
Not only is a motionless insect invisible 
to the frog, or at least not recognized as 
possible food, but any small moving object 
will elicit the reflex snapping movement. 
Frogs in a glass jar can be made to snap 
at the end of a pencil pulled along the glass 
from outside, and will do so again and again, 
learning nothing by the fruitlessness of their 
efforts. 

Indeed, although amphibians can be 
induced to learn under experimental con- 
ditions, their powers in this direction are 
comparatively poor, and cannot play a very 
important part in their normal life. They 
live almost entirely on instinct, such as the 
impulse to snap at any small moving object, 
which keeps them fed. Sometimes they 
have surprisingly elaborate instincts. 

There is a Brazilian tree-frog called the 
“ ferreriro,” or smith (because its voice 
sounds like slow hammering with a mallet 
on a copper plate) , which builds special little 
nurseries in the shallow muddy water at the 
margin of ponds to keep its tadpoles safe. 
The female, who does the work, plunges down 
and brings up an armful of mud, and out of 
a series of armfuls constructs a little circular 
wall. Observers have described the careful 
way in which she smooths the inside of the 
nest with her hands. Another Brazilian 
tree-frog lives in willows near the water 
and never comes down even to breed. It 
lays its eggs in jelly-like masses wrapped 
up in a sort of nest made by sticking two or 
three leaves together. As the tadpoles 
develop the jelly softens and liquefies until 
finally they plop down into the water below. 

The courtship of newts is an interesting 
display of instinct which any country 
dweller may witness by improvising an 
aquarium. In spring the male develops a 
magnificent crest on his back and tail and 
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his colouring ^mes more brilliant, with 
patches of black, orange, iridescent blue alS 
white that from species to speS 
Putting himrelf across the path of a femab 
he dances” and waves his crest in 
ot her, with a curious sideways bend of hi; 
body SO that his fringes hang almost ove 
her head. Then he turns his back on her 
takes a few steps away, and, with violent 
wavings of his plume-like tail, he very 
conspicuously extrudes a littie white packet 
of sperms. If she has been affected by his 
courtship she steps towards it as it floats 
in the water, seiz^ it in her hands, passes 
it to her feet and inserts it into the opening 
of her oviducts. ^ 


But these fine elaborations of instinct are 
behaviour climaxes, occurring only at special 
times of the amphibian life. Usually, their 
daily round of feeding and so forth is com- 
paratively simple. They survive inch- 
vidually not so much because of their 
activities as because of their general timidity 
and furtiveness. Usually they live obscurely 
hidden in damp corners ; most land-living^ 
frogs and toads come abroad at night, and 
day-frogs often have striking powers of 
protective colour-change. As a result ol 
their marginal existence on the fringes of 
water and land, it is interesting to note that 
less than three thousand species of amphibians 
are known, as opposed to over five thousand 
reptiles, thirteen thousand mammals, twenty 
thousand fishes and twenty-eight thousand 
birds. The amphibian is on the whole an 
ineffective creature, neither truly aquatic 
nor truly terrestrial. Partly in virtue of 
its slimy venomous skin, and partly in \ irliic 
of its prolific spawning, its race manages to 
muddle along. 


§4 


The Brain in Reptile^ Bird, and 
Mammal 


The first land-brains must have been very 
like the brains of our modem newts and 
salamanders, the most primitive of living 
amphibians. In lung-fishes we find very 
similar brains. It is a simple, inefficient 
type, as we have seen, and corresponds to a 
general dullness and limitation of the possible 
modes of behaviour. In many respects 
amphibians and lung-fishes are less well 
equipped mentally than the majority of 
modern fish. From an evolutionary point 
of view, they^^epresent a stage when thei 
attention of the stock, to speak very 
phorically, was focused on those alteratio^ 
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, , land-life possible— on the sl^ 

M breathing to lung-breathmg, with 
fn>« *g4ion of the whole layout 

It the heart, and the main arteries, 
jfthetht K -tb^ir inadequacy 

putting them at a disadvantage, 

Cth their competitors in the 
forced them to make these adjust- 

%"rinTe v'LSmte bo^^^ had been 
“ rlv fitted for a terrestrial life, when the 

I”"'?"* 

1 which characterize all vertebrates above 
hf amphilhan level, had been evolved, there 
rose a new era of intense competition on 
‘|,„a Terra firma ceased to be a refuge for 
rt,,. witless, and, except for a few out-of-the^ 
w IV ctimcrs, became a hard school in which 
„‘,lv the nimble and vigorous, or the 
oxecptioiially well protected, could hope to 

survive. r t t • 

The whole apparatus of behaviour was 

improved. The vertebrate body was raised 
Irom the ground ; instead of crawling on 
their hellifs, reptiles began to run, leap, and 
tly. Sense-organs, and especially the eye 
.uid the ear, got progressively better and 
heller. There was a general speeding np 
ol the metabolic processes of the body ; 
the heart and arteries were made more 
elhcient ; the lungs became more elaborately 
honeycombed to increase the rate at which 
oxytten could be absorbed ; the kidneys 
were reorganized and their ducts were 
disentangled more completely IVom the 
reproductive apparatus than had previously 
been the case. This general revision cul- 
minated in the birds and mammals. Mean- 
while there was a necessary correlated 
inercase in the elaboration and cfTiciency 
oi' the central nervoils system. 

The most essential difference between the 
brains of amphibians and reptiles is the 
appearance in the latter of a new way ot 
arranging grey matter in the walls of the 
rereliral hemispheres. It is a departure 
of the profoundest significance. In an 
amphibian fore-brain the grey matter is 
mostly massed next to the inner cavities 
in the same primitive jxisition as^ it occupies 
in the spinal cord. But in reptiles, and in 
all higher vertebrates, thin grey sheets 
apjiear in the roofs of the hemispheres, 
separated from their cavities by layers of 
white matter of varying thickness. In 
ourselves the sheets lie right at the surface 
of the cerebral hemispheres (Fig. 54), 
and they are therefore spoken of as the 
cernbral cortex {“ cortex ” mcaiw “ peel ). 

It is important for us to realize the dis- 


tinctive features of this cerebral cortex. 

The first is its general design— it is laid out, 
as we have already stressed, in thin sheets 
and not in dense masses, and this is neces- 
sitated by its highly characteristic micro- 
scopic structure. To penetrate into the 
minute details of that would be laborious 
and take us further than we need to go. 

The second point is its position. We saw 
that the primitive vertebrate brain consists 
of a series of centres intimately connected 
either with sense-organs or with groups 
of muscles, and of tracts of fibres running 
telephone-like from centre to centre, and 
enabling them to communicate with one 
another. But soon special centres of a 
superior kind are evolved, not dominated \iy 
any immediate connexion with a sense- 
organ or an effector, but communicating 
only with other nerve-centres, not occupied 
with immediate reception or control, but 
supervising and regulating the rest of the 
brain. 

Now evidently it is of advantage for such 
presiding regions to be somewhat aloof 
anatomically from the subsidiary centres 
they control— just as it is a good thing to 
have parliament in a separate building of 
its own and not mixed up with one of the 
executive departments such as the War 
Office or the Ministry of Labour. Herein 
lies the importance of the roof of the fore- 
brain as a site of the cortex. 

Let us recapitulate very briefly the general 
layout of the brain to make the point clear. 
At the front end of the fore-brain lie the 
nerve-centres connected with the nose. To 
return to the parliamentary analogy (for 
the central nervous system is indeed the 
government of the body slate) this is the 
Ministry of Smells, k arther back, in the 
mid-brain and hind-brain, are the Ministry 
of Vision, the Ear Office, the Ministry of 
Position and Equilibrium, the Ministry 
of Respiration, the Ministry of Abdominal 
Contentment, and so forth. These are all 
routine executive organizations. They com- 
municate with each other by mas.sive tracts 
of nerve-telephones; and in particular we 
may note tracts that run up along the floor 
and sides of the fore-brain to keep the other 
departments in touch with the Ministry of 

Smells. r r u r 

In the simplest brains, the roof of the tore- 
brain is not primarily nervous ; as we saw 
in the first section of this chapter, it is 
mostly thin and nutritive in function. The 
first superior regulating centres develop along 
the tracts between the nose-brain and the 
rest. Here they find space enough, unoc- 
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cupicd by to executive centres ; here, also, 
thqr art aWc to inform themselves and to 
regulate,'' because of the tracts of nerve- 
fibres. This is how the thalamus and the 
corpus striatum arise. But when they have 
appeared, on the sides and floor of the fore- 
brain, a. new possibility follows, Hitherto 
the development of the roof into a controlling 
centre has been impracticable ; but now 
fibres can grow up into it from the corpus 
striatum and thalamus, and the cortex can 
develop out of the way of the main lines 
of communication between ministry and 
ministry, using the corpus striatum and 
thalamus as intermediaries for its information 
and decisions. Once this step has been 
taken, to develop the human brain becomes 
only a matter of elaboration and refinement ; 
all the essential zones are present. 

The cerebral cortex is found in reptiles, 
birds, and mammals. Its appearance is a 
tremendous stride away from simple auto- 
matism towards intelligent behaviour. But, 
eiiriously enough, its possibilities are only 
fully exploited in, the mammals. For the 
brain in land-living vertebrates evolved along 
two different contrasting lines. One leads 
through the dinosaur-like reptiles to the 
birds ; the other leads to the mammals. 
For a time they evolved together, but soon 
they separated. 

In the bird development, the principal 
evolutionary change was the enlargement 
and complication of the corpus striatum. 
That part of the brain may be said to cul- 
minate in birds. Nowhere else is it so 
elaborately organized ; nowhere else docs 
it outweigh the other parts so markedly in 
size. But while the floor of the fore-brain 
was thus undergoing improvement, the 
roof remained thin and the cortex small. 
In the mammal direction, precisely the oppo- 
site occurred. The corpus striatum did, 
indeed, undergo a certain amount of revision 
and reconstruction, but the main pro- 
gressive change was the enlargement and 
elaboration of the cerebral cortex. As we 
shall sec in a moment, this difference under- 
lies a very striking contrast between the 
behaviour of birds and that of mammals. 

Modem reptiles arc more bird-like than 
mammal-like in their brains. They are, 
of course, a mixed bunch, scattered and often 
only remotely related survivors of an enor- 
mous group which once dominated the 
world. But our own stock broke away very 
early indeed from the main trend of rep- 
tilian evolution, and took a different 
direction. Both from the brains of existing 
reptiles and from the skulls of fossil ones we 
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. the were 

the floon trflWf few-bmim and nS"'' 
Ae^^to. rius most markedlv 

m the dinosaur stotSk which led up .qT 
birds, and to which the crocodiles are cwf 
related. The tortoises and turtles diverirM 
at an early date, and in their brains we S 
the same tent^cy, but in an altogether 
less exaggerated form. 

Let us illustrate these points concreielv 
by considering three actual brains. Fie 
310 shows the brain of ^ lizard seen from 
the left side ; on comparing it with the 
frog’s brain in Fig. 308 the increase in 
imjportance of the cerebral hemispheres 
will be obvious. Already in the frog there 
is a perceptible tendency for the hemispheres 
to bulge backwards over the other parts; 
but in the lizard they have reached to the 
optic lobes and overlap the between-brain 
so completely as to hide it from view. Also 
they protrude upwards more prominently 
than in the frog. Fig. 31 1 shows the i 
brain of a bird, from the same side. Here 
the growth of the hemispheres, both upwards 
and backwards, is exaggerated, and the 
optic lobes are pushed out of their way 
down on to the sides of the brain-stem. 
Also a considerable expansion of the cere- 
bellum is noticeable ; this is because the 
postural adjustments of a bird, flying and 
walking on two legs, require more super- 
vision than do those of a lizard. I'lie 
expansion of the cerebral hemisphere in 
both these brains is due to a great upward 
swelling of its floor ; its roof is comparatively 
thin and has been bulged out by this great 
swelling below, much as Mr. Evcrvmians 
bedclothes bulge upwards when he lies on 
his back and raises his knees. Finally, 
Fig. 312 shows the brain of a rabbit, a 
fairly primitive mammal. Here both cere- 
bral hemisphere and cerebellum are well 
developed, and the former has grown 
backwards and covers the raid-brain com* 
pletely so that it cannot be seen from the 
side. This growth has largely taken pht^e m 
the roof of the forc-br^. From a brain hs<^ 
this the human brain can be derived (Fig- 
53) by imagining this growth of the cerebral 
hemispheres greatly exaggerated, and their 
surface becoming wrinkled to increase^ the 
area of the now essential cortex. As a 
complicating factor man walks upngt“> 
so his brain is twisted in such a way that the 
spinal cord ri^ downwards from it 
of coming straught out behind. , 

How does this structoai ^vergenc 
between the brains of repttlf^^d birds on t 



the 
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man: 


nnc hand and 

itself in tln'ir behaviour? • } " 

Ihe outstanding 

immals and other yeiliebrates lies in the 
1 1\' of the formert They can remem- 
ber more surely and learn more quickly 
jban an> other living things. Moreover, 
{hey tackle a new problem more compe- 
tently- Suppose you put a fish, or 
a frog, or a reptile, in some experi- 
mentally d(‘vised strange situation — 
such as a maze in which the animal 
has to follow a definite path if it is 
to reach a comfortable nest and 
food, while other possible paths 
lead nowhere. It will simply mud- 
dle about among the unfamiliar 
surroundings until it gets to the 
goal. Pul the animal in again, and 
it will muddle its way through 
again ; but gradually, as the lessons 
are repeated, it will get less and 
less dilatory and make with more 
and more directness and certainty 
for the goal. This kind of learning 
is simply trial-and-error, like the 
randoiri trial-and-error of a slipper 
animalcule, but with a certain ele- 
ment of memory attached to it. 

) erkes, an American investigator, 
devised a maze for some tortoises on 
''inch he was experimenting. Part 
ol the path to the comfortable nest, 

^0 which they were supposed to 
md their way, led down a steep 
[“dined plane. It so happened 
that one of the tortoises, put in the 
and not liking the look of it 
fAeirnuch began poking aimlessly 
fnii and tumbled off the side of 
1C sloping plane. Surprisingly, it 
Ijiund iisclf near a pleasant nest, 
lercaiter this animal invariably 
the problem by repeating 
‘^^!;^dent-~by making for the 
Re ol the plane, deliberately tum- 
'[iigover, and then calmly walking 
into the nest. ^ 

fo a large extent, all animals learn 
tins way— -by muddling about 
rp.v random, and by 

^ icnibcring which activities are 


OU IN 
chance 


VERTEBRATES 


tn k k ^ ^Hes the new idea 

to Me whether it will work. 

/k*^ reflective pause is really a 
that differs in kind from the simpler 
f .1 ^”*1 1*°"' f^r it is merely an extension 

a process made possible by the greater 
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more 
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I'ig. 310. The brain of a lizard. 
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tig. 31 1. The brain of a pigeon. 
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Fig. 312. The brain of a rabbit. 

The brains are drawn from the left side. Compare Fig. 308. 


f 11 —“*15 vvmiju aeuviues are 

niowed by pleasing results and which by 
* mammals do it very much 
oti, and less laboriously than 

ei vertebrates. Moreover, in the higher 
^^*^**^ appears a 
the ^ud of solution when 

comes up against anything new. 

' reaturo l^pl^ents this profiting by 


extent and better organization of the store- 
rooms of the mammal’s memory — an over- 
hauling of past experience to find whether 
there is any illuminating precedent— is a 
question that will come up for review in a 
later section, when the intelligence of mam- 
mals will receive a more thorough examin- 
ation. Here it is enough to note, as a fact 
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of observation, that mammals arc altogether 
more competent to deal with novel and 
puzzling "^situations than any other verte- 
brates. 

As we noted in Book i, a mammal — or 
at any rate a higher mammal — thinks by 
means of its cerebral cortex. In ourselves, 
everything that is not simply automatic 
is determined from that dominating centre. 
But this does not mean that learning is 
always confined to the cortex. Indeed, in 
frogs and fishes this structure is absent, and 
yet a certain slow learning is possible, 
although their adaptability is slight com- 
pared with our own. Their somewhat 
rudimentary counterparts of our higher 
mental processes are apparently performed 
mainly by the thalamus and other incipient 
correlation centres ; perhaps in some cases 
by the mid-brain also. The growth of the 
cerebral cortex represents an extension and 
elaboration of this ability. Cortical tissue 
is grey matter arranged in such a way that 
it can do these things much more effectively. 
There is evidence that the power of the 
thdamus to participate in the formation 
of habits persists in such comparatively 
lowly mammals as rats ; but even here the 
chief mental processes arc carried out by the 
cortex. 

The evolution of the mammalian brain is 
largely a matter of the improvement of this 
all-important grey film of tissue. It increases 
in comparative size and comes to overlap 
more and more of the other regions of the 
brain, until in ourselves (Fig. 53) only the 
cerebral cortex and the cerebellum are 
visible from the side, and only the first from 
above. At the same time it increases greatly 
in complication. As in the early mammals 
the new centre began to prove its worth, the 
older brain regions became more and more 
subservient to it. Its fibrous connexions 
thickened enormously as it grew, and it took 
over more and more of the responsibility 
of running the body state. 

Here let us note the meaning of two further 
words which are making their way into popu- 
lar biological writing. The cortex of a 
tortoise — the most primitive cortex we know 
— is divisible into three distinct fields. At 
the outside and inside edges of the roof of each 
hemisphere it is supplied chiefly with fibres 
from the edges of the corpus striatum below. 
The information supplied to these lower 
regions, and through them to the marginal 
field of the cortex, is mainly concerned with 
smell, taste, and the condition of the viscera. 
But the third strip of cortex, lying along the 
middle of the roof of the hemispheres, is 
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mainly connected with the thalanu in 
side walls of the between-brain, and th 
indirectly receives information i'vom th 
eyes, the ears, the skin, and the tendon 
joints, and muscles involved in position an 1 
voluntary movement. Naturally these thre 
regions do not work in isolation, ljut as 1 
single unit. Nevertheless, all through the 
mammalian series, it is possible to niako 
out a similar distinction between the pans 
of the cortex which are mainly concerned 
with smell and taste and the parts rnainK 
concerned with sight, hearing and touch 
But their importance varies. The part 
concerned with smell and taste is well 
developed in the most primitive mammals ; 
it was the first of the two to assume its 
definitive elaborate form, and is known as 
the archipallium. The other part is small in 
primitive mammals, but acquires more and 
more relative importance, until in ourselves 
it is enormously expanded and overshadows 
the archipallium completely. I'his part is 
called the neopallium. The shift of respon- 
sibility from archipallium to neopallium 
corresponds to a gradual alteration in be- 
haviour, to the shrinking of the nose and the 
improvement of the eyes, and (since the 
neopallial tissue is differently and more 
efficiently disposed than the archipallial; 
to an increase of intelligence and adapta- 
bility. 

Thus the mammalian brain has evolved 
I’he primitive amphibians are spawned in 
great multitudes ; they are stupid, inadapt- 
ablc creatures, but out of the thousands 
thus launched a few survive to carry on the 
species. The higher mammals reproduce 
altogether more sparingly, but they are 
better able to take care of themselves and to 
survive unusual combinations of circum- 
stances. A large share of the responsibilitv 
for carrying on the race has been handed 
from the genital organs to the brain, from the 
proliferating germ-plasm to the thinking 
individual soma. But meanwhile the other 
vertebrate line that leads up to the birds 
took a somewhat different direction. 

Birds can learn. Anybody who has seen 
performing pigeons in a music-hall kiiov\s 
that their brains can hold one or two tricks. 
But performing pigeons generally come on the 
stage in great flocks, for the number of 
tricks that any single bird can do is much less 
than the repertoire of a good performing 
mammal. Indeed, the educability of a 
bird is hardly greater than the educability 
of a reptilojfr^nd certainly less than that ol 
a rat. Where birds excel is in the perform- 
ance of elaborate but purely instinctive acts. 
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An incubator-hatched bird will build its 
est as neatly and pick its material as care- 
fully as any other member of its species ; 
at the brst appropriate occasion it will go 
througli the routine of courtship with perfect 
correctness. In a word, the great develop- 
j^ent of the corpus striatum in birds means 
u tremendous endowment of inherited 
instinct, rifalling that of insects in its com- 
plexity and far exceeding our own, but 
without any notable individual intelligence 
or adaptability to modulate it. 

All admirable example of blindly 
mechanical instinct is afforded by the so- 
called thermometer bird or bush turkey of 
ihe Solomon Islands. The eggs in this 
species are laid in heaps of mixed plant 
material and sand, and incubated for some 
six weeks by the heat of the rotting vegetable 
matter. Moreover, they all lie with the 
blunt end upwards. The chicks hatch out 
from (his blunt end, and their feathers all 
point stiffly backwards ; so by wriggling 
and struggling in the heap they can force 
(heir way upwards. As soon as they get 
out they shake themselves, and then dash 
into the shadow of the nearest undergrowth. 
Here wt have an admirably adaptive chain 
of reactions. But if you take a chick which 
has just liberated itself and dig it into the 
heap again, it is quite incapable of coming 
out once more, but stays there struggling 
ineflectively until it dies. Its movements 
are now of the wrong kind. The reactions 
lollow one another automatically, a mechan- 
ual chain of instinct, and the creature can 
no more go back to the beginning and start 
ai,Min than can the cocoon-spinning cater- 
pillars described in Book 8, Chap. 2, § 3. 

One of the present authors (J. S. H.) has 
i(iven another illustration in his Essays of a 
Biologist of how limited the behaviour of 
bird may appear when some unforeseen 
^iccidcnt disturbs the usual routine of its 
instinctive acts. The scene described has 
been iilmed by Mr. Chance, and the chief 
actor is a pipit in whose nest a cuckoo has 
laid her egg. 

“ When, after prodigious exertions, the 
unfledged cuckoo has ejected its foster- 
brotlirrs and sisters from their home, it 
sometimes happens that one of them is 
^aughi on or close to the rim of the nest. 
Jlnc such case was recorded by Mr. 
f bailee’s camera. The unfortunate fledgeling 
scrambled about on the branches below 
nest ; the parent pipit flew back with 
•nod : the cries and open mouth of the 
^J^cted bird attracted attention and it 
led ; and the mother then settled down 


^on the nest as if all was in normal order. 
Meanwhile, the movements of the fledgelinR 
m the foreground grew feebler, and one 
could imagine its voice quavering off, fainter 
and fainter, as its vital warmth departed 
At the next return of the parent with food 
the young one was dead. 

“ It was the utter stupidity of the mother 
that was so impressive — its simple response 
to stimulus — of feeding to the stimulus of 
the young’s cry and open mouth, of brooding 
to that of the nest with something warm 
and feathery contained in it— its neglect of 
any steps whatsoever to restore the fallen 
nestling to safety.” 

Clearly we are dealing here with a far 
more mechanical tyjic of conduct than occurs 
when the mammalian cortex is at work. 
One cannot imagine anything to parallel 
this in the behaviour of a bitch or a ewe. 


§ 5 

Courtship in Animals 

On a fine spring day go to the Zoo and 
stand in front of the Amherst pheasants’ 
cage. The hen is a dowdy creature ; her 
dowdiness is protective. But the male is 
brilliant in the extreme, with his fabulous 
colours, gorgeous tail and frill. If you are 
lucky, you will see him go through his 
courtship. He makes a little rush past the 
hen ; as he passes, he droops his wing, 
shows off his tail and fans forward the frill 
on his head. Then he will repeat the process 
from the other direction. You arc struck 
by the way in which the display is directed 
at the female. It is only executed at the 
moment of the rush past, the body and the 
tail are sloped towards the hen, and only 
on the one side is the frill fanned out. The 
frill on the far side is kept closed ; he wastes 
no beauties where they will not be seen. 

Most people have seen a peacock displaying 
his train— perhaps the most shcerly beautiful 
sight in nature. The bustard inflates his 
throat, throws back his head, and everts 
his wings so that he may strut before the 
hen, like a surprising animated giant white 
chrysanthemum. The argus pheasant is 
perhaps the most striking of all. The long 
brown wings, patterned with a series of 
light spots, wonderfully shaded so that they 
look like solid spheres, are spread and thrown 
forwards like the bell of a great flower. 
The long tail plumes are waved up and 
down behind, and from below one wing an 
eye peeps out to keep the hen in view. 

Here we have in its fullest development 
the phenomenon of “ courtship ” which 
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plays a large part in the life of a great 
number of the higher animals. It is not 
confined to the vertebrates. The lowest 
types in which the process can be traced 
arc certain marine brisde- worms. At the 
breeding season, the males may be seen 
writlung and contorting themselves in a 
frenzied dance among the femliles ; this 
appears to stimulate the females to shed 
their eggs, whereupon the males emit their 
sperms. The masculine excitement has 
been turned into a stimulus for the females* 
egg-discharging instincts. 

In the alert and half-terrestrial fiddler- 
crabs (Fig. 1 88) there is a rudimentary but 
illuimnating form of display. When, in the 
mating season, a female crab appears, the 
males in her path stand tiptoe, with their 
single huge claw held aloft — a statuesque 
attitude. If she is indifferent, they may 
run^ along a little and strike their attitude 
again, but will not pursue her far. As 
Dr, Pearse writes, after watching them 
carefully, “ they seem to be advertising 
their maleness.’* There you have the clue. 
There are not many possible situations in 
a fiddler-crab’s life. There are food-situa- 
tions, danger-situations, and sexual-situa- 
tions. The male’s upreaching pose, with 
his masculine appendage so prominently 
displayed, is an advertisement to the female 
that a sexual-situation exists, and so is not 
only an advertisement, but a stimulus. 

Similar excitation occurs in the case of 
snails, octopuses, and cuttle-fish, but good 
studies of these processes have still to be 
made. 

This apprising the female of the existence 
of a sexual-situation is of vital importance 
in many spiders. Here a smallish moving 
object is normally the sign of a food-situation 
— ^a stimulus for the female to pounce and 
kill. Accordingly it becomes essential for 
the male to distinguish himself sharply 
from other smallish moving objects. Among 
the almost blind web-spinning spiders, he 
docs this by approaching the web and vibrat- 
ing one strand, producing a movement 
quite different from that due to the struggles 
of captured prey. The female may rush 
at him once or twice (on which he very 
h^tily makes himself scarce), but eventually 
this message of love vibrating along the 
web attunes her to the sexual situation. Even 
so, however, after mating has been accom- 
plished, he may again become a mere moving 
object to her, and she may then kill and eat 
him. 

In scorpions, Fabre has described a sort 
of set-to-partners of courting male and 
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rale the female, once one instinct k 
latisllp; to chan^ to another, and cat 
the male after his biological duty to the 
race has been carried out. And the female 
of the predaceous praying mantis may 
begin eating her mate while the act is still 
being accomplished. 

The instrumental music of •the 
hoppers and crickets (leg on leg, or wing-case 
on wing-case) serves a sexual function, but 
it is rather one of bringing the sexes together 
than of courtship ; ana the same holds 
for the flashing of fireflies and the glowing 
of glow-worms. But the little carnivorous 
flies called empids have a true and very 
interesting courtship. 

In some species, the males present the 
females with insect prey which they have 
captured ; and usually the gift is either 
wrapped in silk spun by the male or em- 
bedded in a large glistering “ balloon ” 
of bubbles which he has secreted, as the 
gift of a necklace might be enclosed in a 
striking casket. Carrying these embellished 
gifts in their legs, they fly to and fro over 
pools and streams. Here the mere advertise- 
ment of a sex-situation is reinforced by the 
stimulus of a gift. But in other species, 
the place of the prey is taken by a flower 
petal or a blade of grass, and the males will 
put coloured paper in their balloons if you 
strew it for them ; this appears to be the 
only case outside warm-blooded vertebrates 
in which objects are picked up and used in 
courtship for what we may call their zesthetic 
appeal. 

Many female insects cannot ripen their 
eggs without a rich protein meal ; the female 
mosquito, for instance, needs blood. Ihis 
may account for the female maStis or spider 
devouring her mate ; and so the gift of 
prey may save the male empid’s life. 

Throughout the vertebrates there is a 
steady development of this business of court- 
ship. In fish it is exceptional, and is found 
mostly where internal fertilization is neces- 
sary. But where it does occur, it may be 
quite elaborate. The male dragonct assiunes 
the most brilliant colouring in the breeding 
season, and flutters round the female like a 
gorgeous butterfly. The little sword-tails 
owe their name to the male’s long-bladed 
tail fin, with which he prods and pokes the 
female into interest as he swims about her. 
And in the humble stickleback of country 
px>nds, the male becomes a lovely iridescent 
creature in^ftlje spring, bright vnth rich red, 
which kindlS with his excitemeilt or pales 
if he is beaten and chased away by A rival. 



thk behaviour .in vertebrates 


^itiong amphibians there ii b , ii^ked 
difference between the coiuPtsm|gj» 
tailless frogs and toads and the taii||pWts 
salamanders, a difference connected 
ilieir method of reproduction. In the 
frogs and toads, t^c male waits, tightly 
clasping the female, until she lays her eggs, 
vvhen he ejects his sperm upon them. 
There is thus no need of courtship, but only of 
the sexes finding each other, and accord- 
ingly the spring behaviour of the males is 
limited to vocal performances which adver- 
tise their whereabouts. But, as we have 
described in § 3, the fertilization of most 
newts and their allies is more elaborate. 
It is necessary that the female should be 
roused to play her part. To this end the 
male newts have a magnificent nuptial dress 
and courtship-dance, in which with arched 
back they prance in front of the female, 
while the tail wafts the presumably odorous 
secretion of certain glands towards her. 
And it has been proved by experiment that 
she will not pick up a sperm-packet unless 
a courting male is about — in the absence of 
such stimulation she treats it with complete 
indifierence. 

The courtship of reptiles has been very 
little investigated. Among our fragmentary 
knowledge about them is the fact that 
-various snakes, including the common 
European grass-snake, will assemble in 
writhing, intertwined masses in the spring, 
apparently for the purpose of choosing mates ; 
and that the males of some of the Australian 
lizards will get up on their hind legs and 
wrestle in the most human-looking way for 
the possession of the female. 

It is in birds that courtship-display reaches 
its greatest^ elaboration. We will begin 
with some account of the usual type of 
courtship in song-birds, which Eliot Howard 
has observed with such patience and analysed 
with such care in his Territory in Bird Life. 

In migratory song-birds, such as the Old 
World warblers, the males in spring arrive 
iit their breeding quarters a week or so 
ahead of the females. They then proceed 
to find suitable sites for nesting, and each 
appropriates a more or less definite area 
or territory for himself. He may have to 
fight to obtain it, and is almost sure to have 
to fight to keep it. There he awaits the 
arrival of the hens, spending almost all 
the time left over from feeding and sleeping 
hi song. When the hen-birds arrive, they 
search for the songsters. One may simply 
take possession of a male and* a home with- 
out any ado. Or she may have to fight 
another hen for her prizes ; in such a 


quarrel the male, though often an interested 
spectator, will not take sides, and becomes 
the associate of the victress. There appears 
to be no courtship-display on his part at 
this juncture, although from this moment 
onwards the pair are mated. 

They ^ mated for the duration of one 
brood, b\it not for life. For though many 
birds, like storks and parrots, eagles and 
ravens, do mate in permanency, the recent 
practice of bird-banding, by which wild birds 
are temporarily trapped and have light metal 
identification rings fastened round their 
legs, has revealed an unexpected inconstancy 
in the marriage systems of small song-birds. 
The most systematic study has been made on 
an American wren. Mr. Baldwin had a 
large number of pairs of wrens occupying 
nest-boxes in his orchard. During their 
first brood of the season he banded all of 
them. Then while the second brood was 
being raised, he caught the birds again, 
and found to his surprise that the great 
majority had changed partners between 
broods ! The single brood or the single 
season appears to be the usual time for which 
song-bird matings last ; but during this 
period the marriage is definite and mono- 
gamous. 

It is after the mating that tlie males begin 
their display. Thev have yet to excite the 
female to actual intercourse. It is to that 
end that most courtship is directed. Al- 
though the warblers are mostly very soberly 
coloured, they display as many gaudy birds 
do — they spread their wings, fan their tails, 
bristle up the feathers on throat and head. 
At the same time they often seize on some 
piece of potential nest material, such as 
twig or leaf, and advance towards the female 
with it in their mouths. There seems to be 
a strong association in their minds between 
the two emotionally-coloured activities of 
courtship and of nest-building. In addition, 
a frequent form of courtship is the pursuit- 
flight, in which the cock darts, twisting and 
turning, after his mate. The hen warbler 
may be interested in the male and his dis- 
plays, but it is not until after an “ engage- 
ment period ” of a few days that she permits 
the consummation of their mating ; and 
shortly after this the first egg is laid. The 
hen in most song-birds does all or the greater 
part of the work of brooding the eggs. 
But once the eggs hatch, both parents share 
in collecting enough food for the pro- 
digiously rapid growth of the fledgelings. 

In song-birds that arc not migi*atory, but 
resident all the year round (as in the bunting 
studied by Howard), the males often begm 
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to stake out their territorial claims in 
January or February, spending an increasing 
part of each day on their territory as in- 
dividualists, a decreasing time with the 
flock as gregarious creatures. The females 
leave the flock and follow them on to the 
territories a few weeks later, but^still much 
earlier than the beginning of egg-laying ; 
so that the “ engagement period ** is here 
very much prolonged. 

The engagement period probably has 
a physiological basis. We know that in 
pigeons at least there are two stages in the 
growth of the eggs in the ovary. At first, 
yolk is laid on very slowly ; but a few days 
before the egg is ready the rapidity of yolk- 
growth suddenly increases about twentyfold. 
And this change is associated with profound 
alterations in bodily chemistry ; the amount 
of sugar in the blood increases, the adrenals 
enlarge, and other ductless glands alter 
their activities. It is probable that the end 
of the “ engagement period ” coincides 
with this change in female metabolism. 
In any case, while the males have but two 
main phases in their sexual life — unsexed 
in winter, fully-sexed in the breeding season 
— the females have three ; they pass from 
winter neutrality to full breeding activity 
through a third, intermediate phase, in 
which they are enough sexed to take an 
interest in their territories and future mates, 
but not sufficiently so to be ready <o pair. 
The familiar and rather ludicrous spectacle 
of a cock sparrow hopping lovesick before 
a hen who repels his advances by violent 
Deckings is due to the hen being only in the 
half-way stage, while he is fully ardent. 
Often not one but many male sparrows 
will gather in fruitless and disorderly court- 
ship round one hen. In such cases the sight 
of one bird courting has excited the rest. 
The same spread of excitement at the sight 
of display (or of combat) may be witnessed in 
other birds ; but in the sociable sparrow, 
with his dense urban population, it is more 
frequent and leads to bigger gatherings. 

The biological function of display seems to 
be the emotional stimulation of the female ; 
display prompts to the act of mating rather 
than ^ to the choice of marriage partner. 
This is demonstrably so in newts. Even if two 
rival malenewtsdeposited their sperm-packets 
before a single female and simultaneously 
executed a courtship dance, it would be 
asking too much of amphibian mind to 
suppose that she would remember which 
packet belonged to which male, and would 
pick up the packet deposited by the one 
^^hosc d?mce pleased or excited her most. 
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in » that, like the, ruff. am7oTv: t,, 
or piSmscuous in their mating ’ 

that each femde h« the c^S " 
many males. The facts confirm our 7 
pectations. Edmund Selous spent a whot 
gring watching a ruff assembly-placet 
Holland. In spring the males repair to 
defimte areas called “ hiUs,” since ihev are 
generally a few feet above the marsh. On 
one such hill there may be anything from half 
a dozen to twenty or thirty males. Thev 
whirl round like dancing dervishes in sheer 
overwhelming excitement, or spar viciously 
with each other. Occasionally the females 
or reeves, visit the hill, and it is there that 
actual pairing occurs. This is the only 
contact between the male and female, for 
the males never visit the nests or look after 
the young. 

When a reeve visits the hill the scene 
changes. The ruffs squat or prostrate them, 
selves in strange attitudes— wings spread out, 
beak pointing down at the ground, lliev 
will remain thus, as if hypnotized, for a con- 
siderable time, occasionally shifting round 
to face in a new direction. Sometimes the 
reeve will just fly away again ; sometimeb 
she will walk up to one of the ruffs and touch 
him with her bill, on which mating will 
take place. The choice lies entirely with her. 

Selous soon distinguished all the male 
frequenters of his particular hill by then 
appearance, for the ruff is a variable and 
highly individualized bird, and he found 
that their success in obtaining mates wa.s 
very unequal. One bird (interestingly 
enough, one whose appearance was to 
human eyes very striking) mated more 
often than all the other males on the hill 
put together ; and there were several 
males who never mated at all. Here is 
Darwin’s sexual selection in diagrammatic 
form. The females can be seen exercising 
a choice of mates, and some males are 
chosen much more frequently than others ; 
and so some have many offspring, some few, 
some none. The premium upon whatever 
promotes feminine choice is therefore much 
higher than where monogamy prevails, and, 
accordingly, we find that the polygamous 
birds usually have more elaborate display- 
characters than their congeners. 

It is harder to understand the biological 
value of courtship-display in monogamous 
creatures like song-birds. However, as 
Eliot Howaiid has shown us, display un- 
doubtedly helps to regulate the emotional 
reactions of the pair, and so ensures that 
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m ile and female shall at intervals 
Z broil >ht simultaneously into a gite of 
readiness to pair. Female doves reffifcd in 
solitary captivity can be made to lay eggs 
fthough the eggs will, of course, be infertile) 
by keeping them in the next cage to a male ; 
the emotional stimulus of his bowings and 
scrapings will set going some change in 
their ductless glands which will lead to 
Pgg-prodiiction. Even caressing a virgin 
pigeon’s head with the finger, so imitating 
the billings of the male, may have the same 
result. 

In creatures like grebes, where courtship 
is a joint affair of the two sexes, the stimula- 
tion is doubtless mutual. But here it looks 
;ts if other functions had been added on. 
No one who has watched grebes, or other 
birds with elaborate mutual courtship- 
ccrcmonics, can doubt that their performance 
is extremely pleasurable ; and in all these 
kinds of birds the ceremonies continue right 
through the season, from the moment of 
pairing-up until the young are well-grown. 
And both parents must share the duties of 
incubating the eggs and feeding the young 
if the full complement of offspring is to be 
reared. It looks as if the elaborate display- 
ccrcmoiiics constituted an emotional bond 
between the pair, which, by helping to keep 
them together through the season, cemented 
a union which was of biological value. 
This is no fantastic suggestion, for something 
of the same sort is at work in human family 
life. 

1 his brings us to the relation between 
kind of courtship and way of life. Courtship 
and display in general are seen to have as 
their main function the stimulation of the 
other sex’s emotions. But the means by 
which courtship achieves this end differs 
according to the habits of the species. Need 
for protection will work against the tendency 
of sexual selection to produce brilliant colours 
and striking display ornaments. Where 
sexual selection is very strong, as when poly- 
gamy is the rule, extra weight is put into 
the scale against this need for protection, 
and we get the fantastic beauties of the male 
pea-fowl, ruff, or black game. But when 
monogamy is practised, and the birds are 
m danger from hawks and other enemies, 
sexual selection is weaker, the need for 
protection greater ; and so we have the 
state of affairs seen in larks or Old World 
y^arblers, or the common European quail 
^tid partridge, in which the male is almost 

dull-coloured as the female, and courtship 
t^onsists merely of exciting actions.* 

Often a compromise is struck between the 


exigencies of sexual and natural selection 
by having the bright colours tucked away 
out of sight dunng ordinary existence, but 
brought suddenly into play at courtship, 
rhe great bustard is an excellent example of 
this, and so is the prairie hen, where the 
mate dunng courtship ruffle up tufts of 
leathers on either side of their neck, and so 
reveal brilliant patches of bare skin which 
they then inflate into the semblance of half- 
oranges. Such displays have as additional 
advantage the stimulus of novelty and 
strangeness. 

Birds which have few or no enemies to 
fear, such as the gregariously-nesting herons 
and spoonbills, are often very conspicuous- 
snow-white, for instance — since there is no 
special need for protection, while the con- 
spicuous colour helps the birds to recognize 
each other from far off. 

Courtship is also subtly entangled with 
family life. In almost all song-birds the 
food-territory round the nest is the basis 
of reproductive success. And the fights of 
such birds are concerned with property 
rights rather than with sex. Male fights 
male to secure territory ; female fights 
female to secure a male — but only if he 
is already in possession of a territory ; and 
pair fights pair over boundary disputes. 
Song is also in main concerned with 
territory. When at its most intense it is 
serving a double territorial purpose. It is 
an advertisement to any female within 
hearing that here is a male in possession of 
an eligible nesting site ; and it is a warning 
notice to other males — trespassers keep out, 
or else fight. 

Song being thus essentially an advertise- 
ment, is generally given from as conspicuous 
a position as is consonant with safety. 
Where there are trees most birds sing from 
a top branch ; where there are none, the 
singers often make up for their absence by 
aerial song — as larks over fields and heaths, 
or pipits over moors. Many wading-birds, 
too, have songs or their equivalents, and 
they also give them aerially ; we have only 
to think of redshank or curlew or godwit. 
In snipe, the aerial “ song ” is mechanically 
produced ; the strange, far-carrying bleat 
is made by wind vibrating the spread tail- 
feathers. Many woodpeckers also have a 
mechanical substitute for song ; they drum 
their beaks with incredible rapidity on dead 
branches to make a resonant note ; and 
some, like the American red-headed wood- 
pecker, select their instrument, making trial 
of tin roofs, the metal arms of telephone 
insulators and so forth, until they fin#" 
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something to their liking. Ruffs and such- 
like birds have no territory, and therefore no 


song. 


le 


To say that song is a territorial advertise- 
ment does not imply that it is never givm 
,we with some 

v.iaoiBi':jiBtvWorit in that way , 
whitA ensures 
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■ out, but does not wwryj 

sings on other occasions too. I _ , 

are constructed so that they shall when 

in certain physiological statra. For most 
song-birds, one condition is that the M^d 
shall be pouring its hormone into the blood , 
another is that they shall enjoy a seme ot 
well-being and not be cold or starv^. A 
third is that they shall not have additional 
calls upon them. Almost all male song- 
birds stop singing when the eggs hatch, 
and they have to begin foraging for their 
young *, but if now the young are destroyed, 
song will begin again almost at once. When 
family cares are past, and moulting is over, 
many birds have a period of autumnal song 
before their gonads shrink and turn them 
into neuters again for the winter. 

Similarly, Uic sex activities of ruffs or 
black-cock depend merely upon sex-hor- 
mones and superabundant vigour. The 
males will continue da^fcing and sparring 
on their assembly-places for weeks after all 
the hens, now fully occupied with their eggs 
and young, have ceased to visit them. Some 
observers have for this reason concluded 
that the assemblages can have nothing 
to do with sexual selection ; but this is to 
misunderstand the blind and blundering 
way in which selection works. 

Wc often find even the details of display 
determined by the bird’s mode of living. 
Diving-birds may use their powers to dis- 
appear below the surface and re-emerge 
close to their mate in what must assuredly 
be an agreeably stimulating manner ; this 
occurs in the grebe and some diving ducks. 
Or they may raise fountains of spray with 
their feet, as does the golden-eye duck, or 
rush erect over the water, in apparent 
defiance of the laws of hydrostatics, like the 
loon. Birds that are masters of flight use 
air as their medium ; the peregrine tercel 
will dash down-wind at the falcon as she 
aits on a rocky ledge, and swerve up when 
only a foot or two from her. The crepus- 
cular insect-hawking nightjar of Europe flies 
moth-like above his mate, and now and 
again claps his wings startlingly above his 
^ back ; an African species trails strange whip- 
ike plumes in hi$ display-flight ; the relate 
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American bull-bat lets himself dim. f 
hundreds of feet aloft, and swervfs L 

Fulmar petrels have no bright . flours 
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hb \Mtarctic Penguins, alls 

‘‘going into tibfeccirtatic attitude.’’ Mutuality 
in courtship and dbplay was hardly known 
in Darwin’s time, but is actually quite 
common. Wc find it not only in herons 
grebes, petreb, penguins, but also in divers 
and pelicans, in cranes and terns, in the 
dull-coloured stone-curlew, and in the flight- 
less but well-crested kagu, and in the great 
albatrosses of the Laysan Islands. 

The males of the bower-birds, an Australian 
group, construct peculiar bowers which are 
quite different from the nests. The bower 
often consists of a short tunnel of twigs, at 
the entrance to which the bird deposits 
sheds, bones, berries and other bright objects. 
This museum of specimens appears to be a 
substitute for courtship decorations, and 
the “ display ” of the male consists in his 
driving the female through the bower and 
drawing her attention to his collection. 
In another species there is no actual bower, 
but the male clears a space a few feet 
across, and on it lays a certain kind ol' leaf 
with silvery under-side. He always puls 
the leaf with its silvery side showing, and 
if the wind blows it over, turns it right way 
up again. As the leaves wither, he clears 
them away and brings new ones. 

The Phalaropes a&>rd another interesting 
case. The females are rather larger and 
more brilliandy coloured, and the whole 
duty of incubation and feeding the young 
devolves upon the males. La courtship, too, 
it appears that the females take the more 
active part. Sexual selection has here been 
reversed. 

Sometimes, instead of presenting nest- 
building material to hb mate, the male 
bird may present food. The imde harrier, 
returned from hb hunting, gives a special 
call when near the nest ; the female leaves 
her eggs and flies below him. At the right 
moment he drops hb prey ; she, back- 
somersaultingf^ilmost, complctdy catches it, 
in her claws,, and returns to bci* duties. 
Male terns give their niale 
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fall to the lot of the victor. Such males 
are naturally characterized by weapons and 
prowess in fighUng, and display-dccoralions 
are absent. 

Dwr size each other up from afar, and 
battle w iM)t joined unless the rivals are on 
equal tetuns ; for each encounter that 
W fightitig, there arc a dozen where 
*iqc bcMt flip away. But once the fight 
^ be^, It is fierce; the combatants 
wove with antlers interlocked, and whichever 
gives up first has to beware lest, as he 
disengages, the other’s brow-tine pierce his 

, . ^he break-away is thus the most 

between the preseftta^ofi ^ rf nest-materid exciting moment of a fight ; the vanquished 
and courtship-cercmoni^4 A good example unlocks his antlers and is round and away 
of the transference of this atten^n to an in a flash. 

unusual object is found in the Adclie pengmn. In sea-lions and sea-elephants, the bulls, 
When there are men near their rookeriw, who are generally enormously bigger and 
these brave but comic little creatures will stronger than the cows, come ashore on the 
sometimes approach them instead of their breeding-beaches and stake out mating- 
mates and solemnly deposit a stone at their territories there. As the females land, the 
feet. Dr. Levick records that he was quite males fight for them and establish harems, 
embarrassed the first time that he was a In some species they may seize the cows by 
recipient of this tender attention. They the neck and pitch them over their shoulders 
may also make these gifts to sledge-dogs ; into the harem. The old bulls are so busy 
but then matters may end disastrously, for defending their sexual rights that they take 
the dog will often snap at them and kill them, no food at all during the breeding season, 

It would appear that this action is an ex- which lasts for several weeks. In spite of 
pression of special interest. The only way in this, their vigilance is sometimes deceived ; 
which it can be normally expressed is to a in one species at least the cows may occasion- 
bird of opposite sex ; but strange, impressive ally slip off into the sea, and there mate with 
beings provide fresh outlets. the half-grown bulls who arc too small to 

Another queer transference of instinct, fight and establish harems of their own. 
recalling certain traits of abnormal human But doubtless the official husband hands on 
behaviour, was noted in a male argus his genes in a sufficiency of cases to make 
pheasant in the Amsterdam Zoo. As no strength and valour^ pay in the struggle for 
mate of its own kind was available, the reproduction. . r i 

bird was put with a female of a related species. But in many mammals there is little of 
Now in the courtship of the ordinary argus cither fighting or display in connexion with 
pheasant the hen lisually stands and looks sex. In dogs, for instance, the male w 
oil while the male shows off his plumes, only attracted by the female when she is 
But matters must be different in the species ready to receive him ; and at such times 
to which this hen belonged, for she abso- her scent stimulates all the dogs within a 
lutcly refused to stay still. The male grew mile. The reproduction of most mammals, 
more and more discouraged. I^e rushed indeed, is on a more physiological, Iws 
about the cage, throwing up his wings and psychological plane than that of most birds 
tail spectaciuarly ; but when he peeped Emotional stimulation has ^ no influence 
under his wing, the hen had moved on. upon the development of their eggs, but ar 
Eventually he gave it up ; but the urge to automatic cycle of the ductless gla^s control! 
display was still on him, and he indulged it by the female’s mating rhythm, ^c sexua. 
performing before the dish in which his situation is brought into being from vntnir 
food was put outl The dish might be and so needs no stimulus from without 
manimate, but at least it was associate with In polygamous mammals, capture of fcmalo 
some form of gratificaffon. In mammab is enough. When the time comes, they wil 
courtship is less frequent and, when present, accept the victor. And m i^nogamoui 
les.s spectacular than in birds.^ Often, as in species, some appnsal (usually by scent) o 
deer and wUd sheep, bisons and sea-lions, the female’s physiologM state is oltei 
theic b no courtship! but tHb males fight sufficient. _ . ♦ i ^ 

for i he pps^qn pCthe females, who passively Matters arc not always quite so simple a 


V. ni-sent theirs with caterpillars. In 
curl cases the female while being fed 
j thf same attitude and gives the same 
does the half-grown young when 
from its simple 


hiring 

of 

the cross-assodal 

vdtnessed ^in ^ 

^ychologists, Court-, 

ship-behaviour of bJrdi.k##W tQ explore. 
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thw ; there arc many cases on record of 
fem^e mammals — marcs or bitches, for 
instance — ^who refused to have anything to do 
with particular males ; and it is probable 
that careful observation would reveal many 
examples of discrimination. But the broad 
fact remains that in mammals, as compared 
with birds, courtship is rare, and display 
rudimentary ; and the explanation un- 
doubtedly is to be sought in the difference 
in their reproductive physiology. ^ 

The monkeys and apes alone among 
mammals have begun to subordinate the 
chemical control of reproduction to a control 
by the higher centres of the brain. The 
fish or amphibian, reptile or bird, has a 
fixed breeding season. At other times of the 
year it is indeed, physiologically speaking, 
castrated ; its ovary or testis shrinks to a 
tiny fraction of its breeding size, and the 
amount of sex hormone in the blood falls 
until it has no effect. The creature oscillates 
each year between two phases of existence, 
a neutral and a sexual being. Most female 
mammals, in addition to the annual cycle 
of breeding season and neuter season, have 
a cycle within the breeding season, of 
readiness to male and the reverse, deter- 
mined by the state of the eggs in the ovary. 
But in monkeys and apes not only will the 
females mate at other times of this ovarian 
cycle, but the neuter part of the annual 
cycle also shrinks. Some human races 
(like the Eskimos) conserve traces of a 
restricted breeding season, but in civilized 
man it has disappeared. In the higher 
primates, the chemical control of mating is 
only slight, the emotional control pre- 
dominant. 

And parallel with this change, display- 
characters come into prominence, although 
never so strikingly as in birds. Many male 
monkeys have facial adornments, sometimes 
bizarre to human eyes, sometimes alarmingly 
reminiscent of human whiskers or mous- 
tachios. Many also have developed adorn- 
ments at the hinder end of their persons, in 
the shape of coloured patches of bare skin — 
rose, turquoise, golden yellow, scarlet, green. 
There are traces of these left in the gibbons, 
but otherwise the tailless apes are without 
them. The abandonment of this posterior 
display was a very important step in human 
ancestry ; for it meant that interest could be 
chiefly concentrated on the face, and features 
and expre&ion could become the main 
appeal of Jove. 

In man, the predominance of mind has 
allowed a more deliberate choice of ’niates ; 
and with this courtship enten on a pew 
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phase. Feminine beauty becomes oi 
for the first time in the 4tory of 
important than masculine decoration ’ n”' 
and finery, gifts and poems, can .■xcif.’’'® 
the place of special plumage or 'i;" 
colours. Physical prowess, brains, weS 
all become hnked up with courtsW 
Sex and mating cease to be in P* 

ment of life by themselves ; it is 
characteristic of human mind that it enabl« 
different aspects of existence to be l,rouS 
into relation wth each other, differ?" 
departments of life to interpenetrate 
The varied and individualized lovc-makine 
of humanity differs fundamentally from the 
courtship of birds. The human lover woos 
with the cerebral cortex, he (or she is 
plastic and res^nsive, and adapts the means 
to the occasion. The impassioned bird 
WOOS ardently but automatically with the 
corpus striatum. In one case the individual 
of the opposite sex is a problem ; in the 
other an exciting situation. The human 
lover may do a thousand things ; the 
courting bird is an elegant determinate 
machine. 


§6 : 

T/ie Evolution of Mammalian 
Intelligence 

Thc^ intelligent mind is a mammalian I 
invention ; compared with any of the higher ' 
mammals, a bird is little more than a highly I 
complicated and highly emotional instinctive 
machine. But before we turn to a fuller 
analysis of the growth and meaning of 
intelligence, let us warn ourselves against the 
tendency to exaggerate this contrast unduly 
and to overrate the mental powers of ; 
mammals because of their many other j 
resemblances to ourselves. As a matter of I 
fact, the reputation of mammals in this I 
respect has sunk considerably during the | 
past half-century. Nowhere has the rigour j 
of the scientific attitude of mind been more 1 
destructive of loose and tolerant ideas than j 
in this field. Fifty years ago, books on ] 
animal psychology were largely occupied 
with the mammals, and nearly all that 
space was taken up by anecdotes illustrating 
their wisdom. We are all familiar with the 
elephant who cherished a grudge and 
squirted his old enemy with dirty water 
after thirty years ; or with the lion who 
refused to eat his benefactor Androclcs. 
We have alj been assured of the exception 
cleverness of our neighbour’s dog or ca. 
The laws that govern social intercourse 
have perhaps any explicit ex- 
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„,:on of disbelief in these marv^ ; yet, 
wdiv ‘"1 certain saving Scepticism has 
■^Aek US that anecdotal evidence is often 
iXustworthy. For one thing, it picks on 
^^3,ional striking events for narration, 
d for all wc know, they may be accidents 
L" coincidences ; for another, it usually 
Lends on the report of a casual observer, 
untrained in what to look for and prone to 
read his own private ideas and interpretations 

into what ho sees. 

So let us go into this matter of mammahan 
intelligence with care and circumspection ; 
and let the reader beware of too hasty 
indignation if in what follows we seem to be 
disr^ectful towards some particular four- 
footed favourite of his or her own. 

The lower of the two main branches of the 
mammalian stock, the marsupials, are on 
the whole stupid creatures, above the reptiles 
in respect of their warm blood and their 
mode of reproduction, but hardly in their 
behaviour. They seem to learn with diffi- 
culty, and this is helping towards their 
extermination in Australia ; they are no 
match for the more enterprising and plastic 
placentals introduced by man. The few 
marsupial carnivores, such as Tasmanian 
devil and marsupial wolf, are almost un- 
tameable. 'They are fierce bits of flesh- 
eating machinery that go their way almost 
regardless of change in outer circumstance. 
In zoos, for instance, they do not get to know 
their keepers in the personal and intimate 
way of lions or wolves or seals. The placental 
wolf has been tamed into our friendly and 
serviceable dog ; it would probably be 
impossible to do anything of the sort with 
the marsupial wolf. Nor do the instincts 
underlying family life, which are at the 
basis ol so much of the latest developments 
of mind, seem to be well developed in mar- 
supials ; at least, a mother kangaroo, when 
hot y pursued, has been seen to eject her 
'vell-grown young from her pouch so as to help 


her 


own get-away. 


The marsupial type, as we have seen, is a 
survival from the Cretaceous world of life, 
preserved by the accident of Australia’s 
isolation. And in that isolation they seem 
to have made as little progress in brain- 
P wer as in method of reproduction. In 
or parts of the world the early placentals 
s ed and supplanted them ; but the 
periority of the victors seems to have rested 
u 1 method of nourishing their 

young rather tlian in dieir superior 
zoic brains in the early Ceno- 

or more elaborated than 
ot modem manupials, and we may 


rea^nably take the wallaby and marsupial 
wotf as giving an approximate picture of the 
behaviour of all the early Eocene mammals, 
^terwards, the intcnser competition in the 
broad spaces of the northern hemisphere put 
a preimum on intelligence ; and, as wc saw 
in Book 5, increase in brain-size was one of 
the salient features of mammalian evolution 
between Eocene and Pliocene. 

^Even so, some creatures with poor brains 
Soivived, either in out-of-the-way corners of 
the world, like the armadilloes or sloths in 
South America, or in humble or obscure 
ways of life, like the shrews or moles. Such 
animals, it would seem, are almost on a par 
with lizards or birds as regards the automatic 
quality of their behaviour. 

^ But as, in evolution, the proportionate 
size of the cerebral cortex was increased (a 
change visibly reflected in the foldings and 
convolutions of this outer layer of brain- 
tissue), the faculties of association and 
memory improved. In higher mammals all 
learn well and rapidly. A dog knows his 
master, his friends, and his enemies ; circuses 
would be impossible without the cleverness 
of elephants, horses, sea-lions, and land-lions; 
the bears at the Zoo will gladly give you an 
exhibition of how quickly they can learn 
to manipulate such an unaccustomed object 
as a tin of treacle ; the foxes could not 
survive in the European countryside if they 
were not adaptable. But all this learning, 
however rapid, is, by our standards, of a 
restricted kind. It makes behaviour supple 
rather than truly intelligent. The per- 
formances of trained animals, and the tricks 
and much of the knowingness of our house- 
hold pets, are deceptive because they are 
due very largely to the activities, deliberate 
or unconscious, of human teachers. The 
animals have been helped in their learning 
by man. Evidently the real test of an 
animal’s intelligence lies in the things that 
it can find out of its own accord, without 
any assistance, and this is a matter which 
has only been investigated with scientific 
rigour in the last few decades. The method 
is to set a problem for the animal to solve, 
and then to see what it will do, taking the 
greatest care not to prompt or guide it in 
any way. If possible, the investigator should 
be outside the room and watch through a 
peep-hole. 

A favourite type of experiment is as 
follows : Food is put inside a shut box, to 
which some latch or spring or hidden 
passage will give access, and the unfed 
animal is left outside the box ; or vice versa, 
the animal is imprisoned in a puzzle-box, 
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and food and liberty arc outside. If 
practicable, die Brst method is the better, as 
the animals are not flustered or frightened 
at thdr imprisonment. Rats and squirrels 
can do little but find hidden weak spots 
through which they could dig a tunnel ; 
but creatures with considerable skill in 
manipulation, like dogs and raccoons, arc 
capable of quite elaborate feats. They 
learn how to sUde back a bolt, to push d^m 
a lever, to pull the dragging-loop of a stfilg 
which opens the door and so forth. They 
even learn, all by themselves, combination 
fastenings in which several operations have 
to be performed in a definite order before 
the door will open. But — and this is a very 
important point — they never learn their 
tasks with even an infusion of what one might 
call reasoning ; the process is entirely one 
of trial and error. They claw about until 
a happy accident produces the right result ; 
and then, as the test is repeated, by what 
seems a fundamental law of learning, 
the successful movements are gradually 
“ stamped in ” to their behaviour, the 
unsuccessful one gradually “ stamped out.” 
They improve steadily in their performance 
until they do the trick quickly and auto- 
matically. But what they have mastered 
is a trick of movement, not an understanding 
of how the lever or the catch or the string 
works. They have not so much learnt 
a lesson as formed a habit. For alter the 
arrangement of the fastenings, without any 
change in the mechanical principle in- 
volved, and they have to begin again at the 
beginning with random scrabblings and 
build up a new movement-habit as labor- 
iously as before. 

A dog, for example, learns of its own accord 
to get into a large box for food, by pressing 
a little lever. One day the box is turned 
through a right angle. The animal is 
completely put off ; it goes up to where 
the lever used to be and scratches away 
fruitlessly ; and it takes as long to learn how 
to get in as it did the first time. 

Just the same automatic habit-formation 
withotit any insight is brought about when 
animals are trained to run a maze to get 
food or liberty. Rats, for instance, will quite 
soon learn the secrets of even complicated 
mazes, such as a miniature of the celebrated 
one at Hampton Court. But this is a 
blankly unintelligent habit. A human being 
who has learnt a maze fairly well will 
never go wrong at the entrance ; the first 
turning is the first thing he learns. But rats, 
cvefi when they have i^uced their mistakes 
to very few, are just as likely to make one at 
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the fiwt turning as anywhere else, SiniilarW 
if a man is set to kam a maze which hi 
mirror-image of one he has already leamt 
well, he quickly recognizes the fact, and bv 
always substituting right turn for left turn 
succeeds very soon with his new task. Not 
so the rats ; such a maze is no easier to them 
than a completely new one. They are unable 
to grasp its analogy with the first. 

We ourselves form motor-habits of much 
the same kind. Your house is, in a sense, 
a problem box ; you have to learn your way 
about it ; and the mechanical automaticity 
with which you proceed from the bedroom 
to the dining-room to get your breakfast, 
perhaps while thinking of something quite 
different, is parallel to the mechanical 
way in which the animals solve their prob- 
lems when they have been learnt. The 
animal sees its box, presses the lever, gets 
inside, and thus earns its meals ; hut it 
no more thinks out the train of actions as a 
logical sequence when it performs them than 
you think out the motions of your legs and 
the turnings of your door-handles on your 
way to breakfast. The process by which 
your motor-habit was established was rather 
different from the trial-and-error method of 
the animal, but the final result is strictly 
parallel. Another example of a human 
motor-habit is afforded by the actor who has 
repeated the same lines night after night for 
hundreds of nights, and now goes tlirough 
his performance mechanically ; if the habit, 
the automatic flow of words, should fail 
for a moment, he is helpless and breaks down 
completely. 

It is not by any means easy to tell what 
part automatic motor-habits of this kind 
play in the lives of wild mammals. We 
may guess that a rabbit runs round its burrow 
as automatically as we run round our houses. 
In one or two cases, we have more definite 
information of animals whose actions have 
been stereotyped into a cast-iron routine. 
Thus there are animals which deposit their 
dung in the same place day after day, with 
extraordinary pertinacity. Then there are 
the rounds made by animals in search of 
food. The Malayan rhinoceros, for instance, 
has a regular round of feeding-grounds, 
which he covers in about a month. Dr. 
Ridley describes well-worn tracks through the 
forest, about three feet across, along which 
the animals travel, generally by^ night. 
.There is a story of a temporary hospital hut, 
which had ^en hastily run up, and liap- 
pened to be «actly on a rhinoceros track ; 
when the beast came round again, he ent 
in at one door, doym passage 
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^t^veep the beds, and out at thO other, much 

g, he alarm of the patients. 

gut v\ e must back to otir puzzle-boxes. 
Ygen a habit is established, its automatic 
Ixecution is very simOar in man and beast. 
Jut thrre is a great and important difference 
n the way in which habits arc acquired, 
fhe animals in the c^eriments, in most cases 
at any rate, solve their problems by scrabbling 
about aimlessly and remembering the move- 
ments which happen to work. But put a 
man in a strange situation and the odds are 
he will behave in an altogether more 
reasonable way. He will think things over, 
and not begin to try solutions until he gets 
some kind of idea to work on. 

We would make it clear here that the 
essential contrast does not lie between human 
behaviour and the behaviour of other 
mammals. It lies between two different 
methods of attacking problems. One method 
is to try all sorts of movements in the hope 
of muddling through ; the ^ other is to 
attempt to understand the problem before 
actually performing its solution. On the 
whole, most mammals in these experiments 
employ the first method, and most men, in 
the affairs of everyday life, employ the 
second. 

Let us take a simple example. We rig 
lip a little piece of wire-netting at right angles 
to the walls of a house ; after three or four 
yards we put a right angle bend into it, so 
that it runs parallel with the house for 
another couple of yards. For our experiment 
with this simplest of “ mazes ” we choose 
three organisms — a hen, a dog, and a child 
of five or six. We lead them up to the wire- 
netting and throw a tit-bit (the tit-bit is, 
of course, suited to each subject) over it. 
The problem is successfully solved if the 
subject of the test without hesitation sums 
up the situation and makes off round the 
hackwardly-projecting bit of wire-netting 
to the prize. You may say that the problem 
is so stuoidly simple as to be no problem. 
Not at all. The hen never solves it properly. 
So long as it secs and wants the food it 
'vill dash and flutter vainly against the 
netting. If it does succeed in getting round 
to the tit-bit, it will be because it has 
abandoned the problem and started to go 
^'vay, and then accidentally turned so as 
to see the food from a more favourable 
position. The little human creature, on the 
other hand, will never fail to trot round. 
And the dog is intermediate.^ If the food 

thrown wdil over the wire, the dog may 
a few ineffectual jumps towards it, 
out then \dll, il sefems, suddenly grasp the 


problem, and run round to get it in a 
punx^ul and single sweep. But if the 
tood be dropped just over the wire, so that 
It IS within a few inches of its nose, it behaves 
as stupidly as the hen. The stimulus is now 
too potent ; the dog is, as it were, magnetized 
by It and cannot acquire the detachment 
needed to run round ; and so he remains 
scrabbling and barking stupidly at the 
unattainable food. 

differences in method of attack arc 
impressive ; they represent an important 
step in the evolutionary process that has 
led up to the human intellect. Let us 
summarize now the main stages in that 
process, as we have seen them. 

First, is the completely unintelligent stage, 
when behaviour is inborn and stereotyped, 
and the individual has no power at all of 
profiting by experience but reacts like a 
machine to whatever stimuli may be acting 
at the moment. That stage we illustrated 
by considering in some detail the behaviour 
of the slipper animalcule. Confronted with 
a problem — such as a barrier across its 
path — this little automaton simply changes 
its direction at random and pokes about until 
it happens to get round. 

Then comes the power of remembering 
which of a number of random responses 
happened to work in a given situation. This 
brings about a considerable economy of 
reaction ; when" the same problem confronts 
the organism again, it is solved in less time 
and with less expenditure of energy than 
before. Learning of this kind appears 
in a very crude form in various invertebrates 
— we noticed it in earthworms (Book 8, 
Chap. I, § 4) — and it runs through the ver- 
tebrate series. But it is always subordinated 
to instinctive reaction in animals below the 
mammalian grade. 

Stage three is a further move in the same 
direction. The capacity of the cortex is 
extended ; memories are accurately stored, 
and the power is acquired of comparing 
and contrasting different situations, of notinc 
their resemblances, and of putting tw;o and 
two together. Many mammals evcifehave 
never reached this stage. It represents a 
further saving of effort and time ; the dog 
which has learnt to open a puzzle-box and 
is then completely beaten when the box 
is turned through a right angle has to start 
again with random movements and gradu- 
any worry out a new solution. But a man 
who can look at the box and realize it# 
change of position performs the appropriate 
movements as soon as that one thought- 
process is accomplished. 
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The performances of sheep-dogs show 
what the dog species can do when what is 
demanded is skilful adjustment of behaviour 
to a situation where essentials arc already 
grasped ; the experiments with wire-netting 
and puzzle-boxes show how limited is their 
power of thinking out the principles of 
wholly new situations. 

Thus, with all their capacity for learning, 
most mammals do not seem to dispose of 
anything that merits the name of an idea. 
In the main, their learning powers are of our 
second grade above ; they enable them to be 
steered into useful habits by a mnemonic 
selection of random movements. Their 
actions may look deceptively like our own — 
until suddenly some unexpected incident 
shows the profound difference. A cow, for 
instance, whose calf has been taken away from 
her, is wonderfully comforted by its stuffed 
skin. Cases are on record where the mother, 
happily licking away at such a dummy 
calf, has licked its seams open, so that the 
hay with which it was stuffed has protruded ; 
then it has proceeded to eat the hay. * Ewes 
know their own lambs — a remarkable feat 
of discrimination, one would think. But 
in reality, the recognition seems to depend 
on simple smell. Once the mother has 
licked her offspring, it is recognized as hers ; 
if you substitute another lamb before her 
own has been licked, the changeling is licked 
and then treated as if it were the legitimate 
child. A rat, if the nerves of its foot have 
been severed, no longer recognizes this 
foot as part of its body, though it is still alive 
and pulsing with blood, but treats it as an 
extraneous object and proceeds to gnaw and 
eat it. It has no “ idea ” of its own body ; 
and is normally prevented from maltreating 
its toes only by the pain which arises when 
they are nibbled. 

And what of the dog, one of the more 
intelligent mammals, who still persists in 
burying bones however well-fed, and in 
turning round and round before going to 
sleep as if the mat were herbage in which a 
bed had to be made ? 

Thif last example is a reminder of the 
importance which straightforward instinct 
still plays in the life of most mammals. 
Their instincts are much less fluid and com- 
mand their lives much more directly than 
do ours ; ours influence each other, become 
incoqwratcd with ideas and modified by 
traditions, in a way which is new in life’s 
evolution. 

Miss Pitt, in her various books on natural 
history, has described how fox-cubs and 
young otters, growing up in captivity and 
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free from the need of finding their own food 
will suddenly reveal their latent ins li nets 
Particular smells pull the trigger, anrl the 
hunting, pouncing, and worrying reactions, 
till then never exercised and never seen in 
others, are automatically released in full force. 

The most remarkable mammalian instincts 
are undoubtedly those of beavers, who build 
dams and dig canals untaught. The dams 
serve to make pools in which they store 
food (bits of trees with the bark on them; 
and where there will be water under the ice 
in winter for them to swim to their food-pile. 
The canals are to facilitate their lumbering 
operations ; when they have felled a tree 
and cut it up into segments, it is easier to 
float them to the pond by water than to pull 
and push them overland. Dams may be up 
to a fifth of a mile long ; and canals even 
longer. Both kinds of works seem to show 
engineering skill ; the canals especially 
are run so as to ensure a gentle but unfailing 
flow of water. It is in the highest degree 
improbable that beavers have any com- 
prehension of the principle of gravity or 
the fact that water finds its own level ; 
exact observation will probably show that 
they regulate the course of their canals 
by some simple method of trial and error, 
such as only continuing to dig if the water 
flows, or is more than a certain depth. 
It is often stated that they fell their trees 
intelligently, gnawing at them so that they 
shall fall free and not be wasted by remaining 
entangled with other trees, but this appears 
to be a myth. 

It would be a fascinating study for a 
student of animal behaviour to rear a group 
of young beavers by hand and discover 
exactly how much their unaided instinct 
was capable of ; and still more fascinating 
if the group of untaught beavers could be 
compared with a group of untaught human 
children. But both experiments remain to 
be done. . 

It is a curious fact that the scientinc 
mind and the activities of the reasoning 
faculty are so frequently written down as 
“ inhuman.” Actually this “ cold ” power 
of abstraction, this “ inhuman ” reason 
is the one emergent property which tjie 
human species possesses, while our warm 
“ human ” emotions we share with the 
brutes. There can be no reasonable doubt 
that other mammals are subject to the same 
kinds of passions, feel the same sorts of 
emotion, as we ourselves. Our sheep can be 
frightened ; ISttr dog is glad when we [come 
home, feels something closely akin to shame 
when caught in some misdeed ; our cats 
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can experience anger and disappointment. 

the capacity to subtract eleven from 
tw'ent\ 'four, to grasp that the earth is round 
and the sun some ninety million miles away, 
to understand general statements such as 
that Honesty is the Best Policy ; to attach 
any meaning to abstract terms such as 
Space or Truth — this is all distinctively 
and exclusively human. There are only 
the barest germs of such capacities in other 

creatures. 

§ 7 

Education in Animals 

The higher vertebrates, we see, can learn, 
mammals much more than birds. The 
development of the brain and especially 
of the cortex means the progressive replace- 
ment by flexible responses of the fixed 
responses of an instinctive system. Putting 
it compactly, the purely instinctive animal 
is born complete ; the higher animal is 
born incomplete and learns. And it is 
advantageous therefore that the protective 
association of parent and offspring so charac- 
teristic of the higher types should involve 
a certain assistance in the learning process. 
This assistance is the beginning of education. 

Not all animals that learn educate. For 
education, family or community life is one 
necessary pre-requisite. Birds like the bush- 
turkeys of Australia, which bury their eggs 
in mounds of earth and leave them to develop 
l)y themselves, hatch out away from all 
parental care, and have to rely on their 
own innate machinery of response from the 
very start of their lives. Obviously no 
education is possible to such a type. And 
in many other birds, even though family 
life is developed and the parents feed and 
protect the young, 'nothing one can really 
call education occurs. Mechanical responses 
of offspring to parent are not education. 
The crouching of young birds at their 
mother’s warning call does not have to be 
learnt ; it is an automatic and innate 
response, like the blinking of our eyelids 
to a threatening hand. According to Hudson 
unhatched birds that are sque^ng while 
still inside the egg will stop their noise at 
their parents’ alarm-call. The small part 
J^’lhch training plays in bird life is brought 
home forcibly by the familiar fowl with her 
foster-brood of ducklings, who, one fine day, 
^1 untaught and very much to the distress 
their acting parent, proceed to swim away 
across a neighbouring pond. 

Fl)dng again is an activity as innately 
as swimming ; when the time comes 
the muscles and nerves arc developed 


to the proper pitch, a bird will fly ; it will 
fly a little awkwardly at first, and practice 
will be needed to give it full mastery of the 
air, but it has no need of any training to 
be able to use its aviation machinery with- 
out danger of crashing. Most young birds 
take their first flight quite independently 
of their parents ; but in some species the 
old birds, though they are in no way con- 
cerned with helping their young to greater 
skill, as a golf or a skating instructor helps 
his pupils, still assume the definitely educa- 
tional task of stimulating the young bird 
to take the plunge at the earliest possible 
moment. Some eagles, for instance, when 
the young have been five or six weeks in 
the nest, no longer feed them so regularly ; 
after a time they may withhold food alto- 
gether, but will sit about in the neighbour- 
hood of the nest, calling, until the young 
birds grow bold through hunger and launch 
themselves into the air. It has even been 
stated that old birds will take their young 
on their backs and then sweep downwards, 
leaving them to fly as best they may ; but 
this is probably a traveller’s tale. Curiously 
enough, although ducklings will go to water 
of their own accord, young gulls and swans 
have to be brought there and induced to 
enter the strange element. 

Many birds of prey, however, plainly 
educate their young in hinting. Falcons 
catch and cripple prey and then leave it to 
be finished off by their offspring, just as 
many beasts of prey bring home wounded 
animals for their half-grown young to try 
their claws and teeth upon. Grebes let their 
children pursue fish which they have caught 
and liberated again in a damaged state. 
In many cases the mother helps to teach the 
children what kind of food to look for ; the 
clucking of a hen attracts her chicks to 
come and see the morsel she has found. 
Even if the parents do not impart instruction 
so deliberately, the mere existence of a 
family group constantly puts the young in 
situations where they must profit by their 
elders’ experience of the world. Lion-cubs, 
when they are big enough, arc taken on their 
parents’ hunting expeditions, and it is stated 
that they do not become independent hunters 
until they are over eighteen months old. 

Just how far these cases represent a true 
handing-on of actual experience from old 
to young is difficult to determine. We 
seen that in most manunals, and probably 
all birds, learning consists in racing more 
or less random movements, without any 
definite purpose behind them, and remember- 
ing which of them are useful, The parents, 
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in the examples which we have discussed, 
do not so much present their young with 
the results of their experience as help them 
to get experience for themselves. They 
hurry the normal process up ; that is all. 
The kitten confronted with an injured 
mouse examines it, plays with it, claws at 
it, and so learns how to handle it in much 
the same way as it would Icam how to solve 
the riddle of a puzzle-box ; the mother cat, 
by bringing the mouse, has provided oppor- 
tunity but not direct instruction. The 
education is essentially self-education. 

One commonly hears it said that parent 
animals teach their young by doing things 
in front of them which the young try to 
imitate. But in actual fact, it is very doubtful 
whether any mammals, other than monkeys 
and apes, have a sufficiently well-developed 
imitative faculty for this. In experiments 
with puzzle-boxes it was often noticed that 
if animals saw one of their fellows press the 
right lever, or had the human experimenter 
repeat the trick a dozen times before their 
eyes, they learnt nothing from it. Even 
if they were held and passively put through 
the trick themselves, it was rarely of any 
avail ; the movements, to be learnt, must 
be their own. In our own species, any 
modern educationalist will tell you how 
much better children remember what they 
have done or been persuaded to do of their 
own initiative. 

In monkeys and apes and ourselves, the 
instinct to imitate brings about a great 
abbreviation of the educational process, by 
leading the young to make only those move- 
ments that they will find to be profitable. 
But how far this occurs in other mammalian 
species is still somewhat doubtful. 

The greatest extension of the educational 
process came with the invention of language ; 
for this made it possible for the actual 
experience of one generation to pass on to 
the next. Not only this, but co^itcmporaries 
share their experience. “ I don’t advise 
you to buy such-and-such a make of car,” 
say» Jones to Brown. Robinson got one, 
and it*s rotten.” By means of the written and 
spoken word, the joint experience of millions 
of living beings rolls up into a single whole. 

Nowhere else in the mammals is this hand- 
ing of experience from the individual who 
has cxpcnenccd it to one who has not, even 
parallded. But there is a somewhat analo- 
gous case in birds. 

It has been known front time immemorial 
that not only parrots but many birds will 
imitate the sounds they happen to hear. 
To this, the mocking-bird owes its nanie ; 
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the American blue-jay, the European surlimr 
and sedge-warbier imitate other species in 
a state of nature, while raven and mynah 
can readily be taugift new notes in captivity 
Bullfinch fanciers train their prize birds by 
the aid of a pipe to whistle special plirasj 
and then the birds are made to sing against 
each other in public. 

Of late years, critical investigations have 
revealed the surprising fact that whereas 
in some birds the song is entirely inherited 
so that young males raised out of earshot 
of their own kind (and even forced to hear 
the songs of other birds) will in due course 
give the characteristic song of their species, 
in others the full song must be learnt, and 
isolated males never get farther than a few 
notes or feeble phrases. An experimentally- 
minded German fancier has even succeeded 
in grafting the nightingale’s song on to a 
strain of canaries. The young canaries 
were reared in a soundproof room where 
the only singing birds were cock nightingales, 
and the nightingale’s short song-period was 
supplemented by gramophone records 
through the winter. The canaries picked 
up the alien song ; and now, after a few 
years, this has become self-perpetuating, 
since the cocks sing only nightingale-wise, 
and their offspring learn from them. I’he 
song is not exactly like the nightingale’s, 
for the tone-quality is shriller, the phrasing 
not quite perfect ; but it is far more nightin- 
gale than canary. In such species, song 
(like human language, but unlike the croak- 
ing of frogs or the music of grasshoppers) 
has to be learnt anew in each generation. 

But in general, education, even in the 
warm-blooded birds and mammals, plays 
only a minor r61e. It is one of the latest 
tools of life, whose more elaborate possibilities, 
latent from the time when men began to 
speak, are only beginning to be exploited. 

This is, perhaps, the place to speak of 
the various animal prodigies, the calculating 
horses and conversational dogs, who have 
made their bow before the public in the 
last thirty years. (It is interesting, by the 
way, how such phenomena come and go in 
bunches ; they seem to be catchii^, or at 
least there arc fashions in them. This has 
been true for mesmerism, for table-turning, 
and for various aspects of spiritualism ) 
The claim is made (large Ixjoks have 
b^n written about it) that horses, foi t"' 
stance, can be trained to perform qnitc 
complicated ^^thmctical calculations, and 
that Airedaie'^terricrB can discuss morality 
and a future life with their mistresses. 
Since animab lack the power of ypcil speech, 
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I utterances have to be Conveyed by 
} jjjovements, generally of the feet. The 
commonest method is that employed in 
table-1 ‘^ppbig ; SO many^ taps with the right 
nu an such and such a letter or number ; 
the left foot, they mean some other 
letter or number. 

The calculating horses of Elbcrfeld attained 
such a celebrity that solemn commissions 
of university professors were appointed to 
consider their case. Their portentous arith- 
metical capacities and the equally super- 
normal (but rather banal) communications 
of the philosophical terriers have provided 
much helpful material for theosophists and 
spiritualists. 

But in sober truth, these thinking horses 
and dogs do not reflect at all deeply. What 
the creatures invariably do is to notice and 
respond to little signs given by their masters 
or mistresses. Sometimes the signs have 
been given deliberately ; but in the great 
majority of cases they arc unconscious — 
slight gestures, a shift of the head, a twitch 
of a finger, unconscious movements of the 
same kind as those which are utilized by 
the professional “ thought-readers,” who, 
though their eyes are bandaged, find a 
liidcleii object by holding the hand of someone 
who knows where it has been hidden. 
They may be all but unnoticeable by the 
human observers — movements through a 
twentieth or a fiftieth part of an inch ; 
l)ut the animals who do not have to keep 
their attention on the talk, can spot them. 
The dog or the horse goes on tapping the 
ground with his foot until he sees the move- 
ment which he takes as the sign to stop ; 
then he stops. It is worth mentioning that 
the horses often do not even look at the 
black-board on which the problem is 
chalked up, before beginning the tapping. 
Also that the errors which they most fre- 
quently make are not in the least the sort 
ul enors one would expect, like a failure 
to carry ten ; usually the mistake consists 
m being one wrong in the answer — tapping 
twenty- two instead of twenty-one for instance, 
or else in transposing digits and tapping 
twenty-seven, say, instead of seventy-two. 

the former case they have not noticed 
tbe movement until just too late ; in the 
latter, they have used the right foot in 
place of the left— -that is all. 

§ 8 . 

Play 

is $0 engrained in human life thaf 
tve rarely troumt to ask otirselves how it 


wginated and what its meaning may be. 
The children of Greece and Rome had their 
dolls and toys ; so did those of Ancient 
twice as far back in time, and so, we 
may safely hazard, did the children of the 
later Old Stone Age. And if the children 
had their playthings the parents had their 
games ; one of the recent discoveries at Ur, 
dating from over five thousand years ago, 
was a board for some sort of game resembling 
draughts. 

But play is rare in other than human life. 
With the possible exception of ants, play 
is unknown outside the vertebrates ; and 
among vertebrates, it is not certainly known 
outside the two warm-blooded groups, the 
birds and mammals. If the bird attains 
the highest level of courtship, it is the mammal 
which best knows how to play. 

What is the biological function of play ? 
Let us consider a few examples to clear our 
minds about this question. We are standing 
in the bows of a steamer in the Mediterranean. 
Some distance away we see a series of leaping 
forms, one behind the other, each curving 
over in a semicircle to dive below the surface 
and re-emefge a few seconds after. They 
are a file of dolphins. After a time they 
sight the ship, and alter their course to 
meet it. Then the real fun begins. They 
play around her stem, never actually achiev- 
ing contact with her sides, yet always on the 
verge of it. Now one of them bores down 
into the blue water until he is a mere dim 
shadow ; now he comes twisting up again. 
Sometimes they circle right round the ship ; 
but usually they are content to gambol 
around the bows, effortlessly keeping up 
with the power-driven machine. Only after 
hours will they leave her. 

No fish would ever behave lik« this. Fish 
will leap out of the water, but only to avoid 
their enemies ; they will keep poised in the 
current of a stream, but only because that 
is the business of their lives. The dolphin 
and the porpoise are mammals ; and they 
prove it by their playing. Those who prefer 
everything to be sensible and simple have 
suggested that porpoises really frequent the 
bows of ships to rub barnacles and other 
encumbrances off their backs ; but the 
unanimous verdict of those who have 
watched them is that this is not so — the 
porpoises are not being reasonable, they 
are being playful. Sometimes this play^ 
impulse may be linked up with others ; 
porpoises may play round ships not only 
because they like playing but because they 
anticipate scraps being thrown overboard. 

Jpltois are perhaps the most playful 
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of all young animals. Everyone knows how 
a kitten wiU spend minutes intently patting 
a cotton reel or a rolled-up scrap of paper 
across the floor, how a dangled string or 
watch-chain will lure him on, how he will 
pounce in pretence at hands moving under 
the coverlet, or even pursue his own tail 
in ludicrous gyration. Gradually this play- 
fulness will die out, and the kitten give place 
to the staid cat who prefers dignified fireside 
purring to the frivolities of play. Most 
adult cats preserve only one play-activity ; 
they play with the mice they have caught, 
letting them go to recapture them a hundred 
times before they finally kill them. 

Kittens, as befits the offspring of a solitary 
species, are perfectly contented to play alone ; 
but puppies, though they are by no means 
averse to solitary sports, such as woriying 
an old boot to bits, play best in company. 
On such occasions the make-believe and 
pretence which characterize so much playing, 
animal as well as human, is vividly revealed. 
Two half-grown pups are playing at fighting ; 
thqy rush at each other, roll over and over, 
snap, growl, worry. And yet neither ever 
hurts me other ; they always know when to 
stop. They are not angry ; but they arc 
thoroughly enjoying themselves playing at 
being angry. And in just the same way 
they will indulge in mimic chasings, first 
one and then the other taking the role of 
pursuer. 

Birds, like mammals, will play. The 
snake-bird or darter is a fresh-water cor- 
morant with amazingly long and flexible 
neck, by whose aid it pursues and catches 
agile fish under water. A female snake- 
bird has been seen sitting on the swamp- 
cypresses in a Louisiana pond and playing 
at catch, all by herself. Reaching down 
with her long neck, she picked a small twig, 
then threw it up in the air and caught it in 
her beak. This was repeated until she 
misjudged matters and missed the twig ; 
she cocked her head at it as it fell, and pro- 
■‘ceeded to pick another with which to con- 
tinue the play. 

In birds, the commonest form of play is 
flying play. Ravens, in spite of their size 
and staid appearance, have various aerial 
sports. A favourite one is to tu/n almost 
completely upside-down in the middle of 
ordinary flight, giving a hoarse croak at the 
critical moment ; this may be repeated 
over and over again. Or they may dive 
and somersault together in the breeding- 
season. The small egrets and herons that 
nest here and there in protected rockeries 
along the coast of Louisiana and Tpt.is 

750 


return every evening to their bncdinir 
pond from feeding on the marslies. a 
steady concourse pours in, along various 
flight-lines, about two hundred up 
Anived above their home, they simply 
let themselves drop. Their plumes fly 
up behind like a comet’s tail, they scream 
with excitement, and when not far above 
the ground, spreading the wings so as to 
catch the air again, they skid and side-slip 
wildly before alighting. 

Now we can begin to say something more 
definite about play — what it is and what it is 
not, its occurrence, its meaning. PJay 
occurs in adult as well as in young animals. 
Usually it is described somewhat obscurely 
as an outlet for suplus energy. But such 
activities as the cat’s playing, with mice are 
definite responses to particular situations, 
and the downward plunging of home- 
bound egrets and herons could equally 
well be described as a way of achieving a 
necessary action in the most pleasurable and 
exciting way. Whether or not it serves to 
excrete surplus energy the play may take 
very various forms. It may be a direct 
imitation of some regular activity of the 
species, but playfully carried out, like the 
sportive fighting of dogs, or the cat’s be- 
haviour with captured mice. Though not 
a complete imitation, it may be obviously 
connected with some such special acliviu, 
as is the pouncing of the kitten ; or it ma\ 
serve to use some special activity in a new 
and interesting way, as in the snake-bird's 
twig-catching play. Or again, it may serve 
the same end for some more general activity 
like bodily movement ; and in such case, 
the surplus activity may simply overflow 
in sheer exuberance, as in the romps ol 
young lambs or puppies, or be guided into 
more special and fixed channels, as in the 
somersaulting of ravens. The same differ- 
ences are to be seen in our own play. Many 
games are more or less accurate imitations 
of serious activities, others arc mere romps ; 
and there are sports which, like ski-ing, 
we practise mainly for their thrills of new and 
violent bodily motion ; there are adults’ 
games which go back to the playfulness of 
childhood. There are many children’s 
games which anticipate the business of 
later life : — 

“ Behold the child among his new-born bliss(’s. 

A sue years* darling of a pigmy size . . . 

See, at his feet, some little plan or chart, 

Some fragment from his dream of human life 

Shapet^y himself with ncwly-lcamcd art.” 

• From the point of view of its cvolujpi^ 
and its biological meaning, play seems to 
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3 doul'ie origin. There is the play which is 
biologic ally useful as a preparation for adult 
I his is play in the strict sense. And 
there is the play which results from a mere 
surplus of energy being directed into 
ple^iu able or exciting outlets ; this, if we 
J^ant to distinguish it, we can call sport. 
Xhe former is more characteristic of young 
animals, the latter of adults ; the former 
predominates in the mammals, the latter 
among birds. Karl Groos, in his classical 
book, The Play of Animals^ stressed the view 
that play is essentially useful to the species ; 
and that, since it was useful, its origin could 
be accounted for on ordinary selectionist 
principles. Others have preferred to believe 
that play was wholly useless, and could be 
accounted for altogether as an aimless 
overflow of energy. But our distinction 
between preparatory play and sportive play 
enables us to take a middle course. 

Preparatory play is found almost exclu- 
sively in mammals. It depends on the fact 
that a mammal comes into the world as a 
singularly unfinished product. Most of us 
do not realize how much we had to teach 
ourselves in our childhood. Avoiding 
ohjecLs as we walk about, judging distances, 
picking things off a table — all such acts 
are so automatic to us that they seem trivially 
simple. Yet we had to learn them all, and 
the learning of them was one of the most 
elaborate of our acquisitions. As a reminder 
of what that learning meant, we may 
describe a striking experiment carried out 
by Professor Stratton on himself. He had 
spectacles made which inverted everything : 
when he put them on, the world was upside- 
down to him. He wore them continuously, 
and naturally had to learn how to fit his 
movements to this new picture of his sur- 
loundings. 

“ When I saw an object,” he writes, 

“ near one of my hands and wished to grasp 
It with that hand, the other hand was the 
^ne I moved. The mistake was then seen, 
and by trial, observation, and correction the 
desired movement was at last brought 
about.” 

It took him several days before he could 
l^egiii to work smoothly in the new conditions. 
I^veii more difficult (perhaps because it 
*<X)k(;d less queer) than the inverted world 
^'as a world produced by another set of 
glasses in which right and left were trans- 
posed, as in the world we see in the looking- 
?lasv. With these glasses, “ table, the 
■tnplest act of serving myself had to be 
'auiiously worked out ** ; and it took him a 
^eck before he had adjusted himself fairly 


^cquately to this mirror-image world. 
On the eighth day he removed the glasses— 
and by then the new habits had become so 
well learnt that it took him over twenty-four 
hours to get back to normal. The effect of a 
week’s reversal of right and left was strong 
enough to override the habits of a life-time 
and for a day to keep him very literally 
“ out of touch with reality.” 

An insect, because of the stereotyped 
elaboration of its nervous system, can fly 
as soon as its wings are dry and stiff, and not 
only so, but it can direct its flight in relation 
to other objects. But the mammal has to 
learn how to control its limbs, and how to 
correlate movement with sight. Its mental 
peculiarity necessitates a period of playful 
immaturity. 

This is why the higher mammals, with 
their greater brain-power and capacity for 
learning and their longer infancy, excel in 
preparatory play, while the birds, which 
become adult in a few weeks, and are less 
intelligent, play very little when they are 
young. But in sportive play the birds, 
with their high temperature, ceaseless 
activity, and wonderful bodily powers of 
flight, excel the mammals, who tend to 
become more lethargic as they grow up ; 
only a few mammals, like some seals and 
dogs and monkeys and apes, go on playing 
all their life long. Whales may leap bodily 
out of the water ; and probably this is a 
form of sporting thrill. The two forms of 
play, of course, grade into each other. The 
exercise of twig-catching skill by the snake- 
bird helped, no doubt, to keep her hand in 
(or rather her neck) for the business of 
catching fish, and the flight-sports of birds 
must keep their powers in trim against the 
serious tests of gales and storms. None 
the less, the distinction is a useful one. 

To what a pitch pure sport may go in 
birds is shown by the community flying- 
games of rooks. Here is a typical observa- 
tion. A large gathering of these gregarious 
and intelligent birds was seen in a field 
in February. About half the birds were 
excitedly walking about and cawing ; others 
were mounting in steady spiral flight, all 
fairly close together. When they had arrived 
at a height of four or five hundred feet, 
one after another they folded their wing^ 
and dropped. They whizzed down like 
plummets ; when only forty or fifty feet 
from the ground they spread their wings 
and began braking with them. As a result 
they skidded and swerved through the air 
in the wildest way, eventually alighting 
to walk about and caw a little before 
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_ the sport, The sport itself is Hite 
that of the egrets ; here, however, it is not 
merely an embroidery of the necessary 
return to their homes, but is organized for 
its own sake, as we laboriously plod up hill 
with toboggan or skis in order to enjoy the 
downward rush. The same sort of sport 
has also been observed in early autumn ; 
and once, it is recorded, the rooks were 
seen to mount so high that they disappeared 
from sight ; only then, at several thousand 
feet up, did they turn, dropping out of the 
blue to attain alarming velocities before 
they put on their brakes. As sensational 
and as clearly practised for sheer enjoyment 
is the behaviour recorded of snipe — not the 
species as a whole, but a few sporting 
individuals — in flying upside-down. In the 
most remarkable case, a snipe which had 



Fig. 313. Adelie penguins at play-taking a ride on a drifting icefloe. 

(Courtesji of Dr. G. Murray Levickjfrom “ Antarctic Penguins.'* Heinemann.) 

been “ drumming ” up aloft came swooping 
down, and when only a few feet above the 
ground turned on its back, and continued 
thus inverted, in a horizontal course for 
several hundred feet. 

Perhaps the most human of all cases of 
animal play is one recorded by Levick for 
Adelie penguins. Floes and little bergs 
of ice were all the time drifting in a strong 
current past the edge of the land where 
their Jrookery was situated. The penguins 
loved to take joy-rides on these. They 
swam out and leapt up, until the ice-plat- 
form was sometimes too crowded to take 
another bird. They drifted down, con- 
tentedly excited, for about a mile ; and 
then swam up again to take a fresh ride. 

Probably similar to the rooks’ aerial 
sports are the dance-gatherings of some other 
birds, Ja^anas, according to W. H. Hudson 
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in his FfeUuralist in Ld Piote, assemble in 
bands and dance and scream, meanwhile 
waving their wings, whose brilliant yellow 
is usually hidden. And our stone-curlews 
assemble, after the breeding-season is over 
to indulge in the strangest antics, flapping’ 
rolling sideways, racing about. From these 
primitive dances it is not a long step to the 
choral performances of another bird studied 
by Hudson on the nampas, the crested 
screamer. Although tiiese are big, heavy 
creatures, a large flock of them often circles 
up until lost to sight, and there, in the upper 
air, the birds begin a melodious trumpeting, 
which floats down to the hearers below 
with more than the mystery of the hidden 
choir in Wagner’s Parsifal. 

Such community-singing is not un- 
common, though in a less romantic setting, 

among song- 
birds. Al- 
though thai 
migrator) 
thrush, th{ 
redwing, onl) 
breeds in tin 
far north 0 
Europe, ye 
before tlic) 
leave theii 
winter qiiar 
ters in Eng 
land, consid 
erable flock 
of them mtr 
assemble ii 
trees and give 
a concert, 
which, since 
the full song is 
not yet developed, is strangely subdued in 
its effect. These breed gregariously ; but 
even in solitary nesters like the European 
goldfinch, such concerts may be given in 
early spring when the urge to song has begun 
to be felt, but the birds are still in flocks and 
bands. 

Birds that roost communally often carr) 
on the most animated “ conversations ” 
morning and evening at their roosting* 
places. Rooks are a familiar example : 
starlings are still more striking. Of laic 
years starlings have taken to sleeping in 
nuge numbers, not only in the trees of London 
squares, but on the City buildings. It is 
one of the most remarkable experiences 
to hear the thousands of starlings on the 
cornices of Paul’s Cathedral begin to 
and chatter at dawn in autumn, long 
^re the City’s population has arrived. 
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Xhe N’olume of sound is enormous; for a 
time ihe birds merely converse, but soon a 
few begin takir^ little flights from place 
to place on the building ; the flights become 
longer and more numerous ; and after 
twenty minutes or so bands begin to leave 
in all directions for the business of the day. 

An even stranger preface to the day*s 
work has been observed with swallows and 
martins. If you get up at dawn on a fine 
morning, somewhere where there are a num- 
ber of house-martins* nests still unfinished 
under the eaves, you will probably see no 
birds about. They have all flown up many 
hundreds of feet into the air, as if to greet 
ihe rising sun as early as possible. When 
the rays of the sun touch tnem, their little 
twittering band sinks slowly down with the 
sunlight ; and they begin their ordinary 
activities when they are down again to 
earth. 

Certain animal habits are more like 
obsessions than play. Creatures that collect 
stores for the winter, for instance, often amass 
much more than they can ever use. The 
passion for collecting takes them, and they 
liiy up food like a miser hoarding gold. 
Such animals as squirrels bury tiieir food- 
stores in little caches here and there ; and 
perhaps the majority of these hiding-places 
are permanently forgotten. The squirrel 
who makes many food-caches and forgets 
most of them is in its way like the fish or the 
sea-urchin who produces huge numbers 
of young only to have the great majority 
die early. The system is a wasteful one, 
like so many of nature’s systems, but it 
works because enough of the caches are 
rediscovered, just as the sea-urchin’s repro- 
ductive methods work because the survivors, 
though few, are enough. The squirrel’s 
habits, however, may benefit the plants 
whose seeds he stores ; he often provides 
for their dispersal, and by burying and then 
forgetting them, he puts them into the best 
condition for germination. 

I'hc passion of certain birds, notably those 
of the crow family, for bright objects is well 
J^oown ; though magpies are really the most 
thorough-going pertormers, literature has 
made the Jackdaw of Rheims the best- 
jtnown example. We do not know how this 
whaviour has oririnated ; probably it is a 
combination of a hoarding instinct with an 
appreciation of brightness and striking 
colour. It is at any rate certain that 
quite a number of birds have a simple 
fondness for things that arc to *ua striking or 
Pc' tty, and use them to embellish their nests 
m the same way as we call in the decorator 
cco ‘ 


as well as the utilitarian builder when we 
are building houses. Birds of prey, such as 
buzzards and eagles, break oft branches of 
greenery to put round their nests, renewing 
them as they fade. A number of wading 
birds put shells or bright pebbles round the 
depression which serves for their eggs ; an 
interesting point in many of these species 
is their variability — some individuals decor- 
ate their nests abundantly, others sparsely, 
still others leave them bare. A queer case 
is that of some of the American flycatchers, 
who always hang a cast-off snake-skin on 
their nest — ^whether to decorate it or to 
protect it is quite unknown. 

Levick found that Adelie penguins loved 
bright colours. The sitting birds are always 
stealing stones from each others* nests ; 
Levick accordingly painted a number of 
stones with different colours, and put them 
within reach of the birds at one edge of 
the rookery. They were much coveted, and 
by repeated thieving, travelled steadily 
across the colony. He made the interesting 
discovery that red stones travel the fastest. 
Although red is a colour which the penguins 
can seldom see in their normal environment, 
it tickles their senses as it does ours. 

§9 

The Behaviour of Monkeys and Apes 

The construction of apes is so like our own 
that their actions constantly remind us of 
familiar human doings. We see an ape 
mother fondling her baby, and it seems to us 
that she must be experiencing the feelings 
appropriate to a human mother ; we sec a 
sad-faced orang-outang in a cage, and his 
expression convinces us that he is thinking 
about his past life, free in the Bornean jungle, 
as a human prisoner would think of his lost 
liberty. But then something happens that 
gives us pause. The orang mother wants 
to travel from one end of the cage to the 
other. The baby that her arm has been 
encircling at her breast is shifted to her 
prehensile foot and is bumped over the floor 
as she swings herself arm over arm along 
the roof-bars ; she does not look nearly so 
human now. Or the melancholy philo- 
sopher in the comer — ^if he is thinking, why 
docs he never talk ? If he is so human, 
why docs he suddenly break off into some 
unrepressed obscenity ? Is the mind behind 
the actions teally so like our own? 

Curiously enough, it is only in very recent 
times that any systematic study of ape 
behaviour has oeen made. Just before tne 
War, the Germap psychoTog^t Koehler 
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made a notable bc^nning on this problem, 
studying the behaviour of a group of young 
chimpanzees, four to seven years old, some 



Experimenting with chimpanzees. 

Mrs. Kohts testing her chimpanzee loni in the matching of colours. 

{Courtesy of Mrs. KohiSj Moscow.) 

fresh from the wild, and none previously 
trained in any way, in the warm climate 
of Teneriffe. The Americans, headed by 
Yerkes, have since then made intensive 
studies of various apes, and so has 
Mrs. Kohts in Moscow. ■ 

How like are these creatures to 
ourselves? That is the fascinating 
problem in all these researches. 

On the emotional side, there is a 
very strong resemblance. One need 
not be an expert observer to tell 
by looking at its face what a chim- 
panzee is feeling ; its series of 
emotional expressions is almost 
identical with our own. Weeping, 
perhaps, has a rather unfamiliar 
look, and the pursed and protruded 
lips of excitement so much exag- 
gerate the thrilled child’s gesture 
when it says “ Oo-ooh ” that the 
grimace seems unnatural and gro- 
tesque. But they fondle their babies 
and kiss their friends, human as well 
as simian, to show their affection in 
an entirely human way. They 
obviously like play for its own sake, 
especially when young, and are 
human enough to enjoy teasing 
other and stupider creatures like 
fowls. 

When it comes to more complex 
feelings, the resemblance continues. 

Jealousy they share with many of 
the tailed monkeys, such as baboons. 
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Madame Abreu, a Cuban lady, whose lare^ 
collection of apes and monkeys on her estate 
in Havana has been studied and described 
by Yerkes in his book Almost Human 
had a baboon who always tried to 
hide his mate when any male Imman 
being came near the cage ; women 
on the other hand, he did not 
worry about. Madame Abreu once 
brought a Catholic priest as test- 
object to see if the baboon would 
take him for a woman on account 
of his long cassock ; to judge by 
his behaviour he was not deceived. 

Sympathy is strongly developed 
in most chimpanzees. If one .of 
their group is ill, he will not be 
teased or disturbed ; now and again 
one will come over and caress the 
ailing companion. Actual whim- 
perings or moans of pain will almost 
invariably bring the other chim- 
panzees round a sufferer, often with 
touching manifestations of concern ; 
but Koehler found that ape- 
sympathy, though so readily expressed, needs 
stimulation. Out of sight, out of mind ; when 
he removed sick chimpanzees to a distant hut. 
the others betrayed no recollection of them— 
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LAUGHTER 





excitement 


WEEPING 

Fig. 315. Mnthropoid expressions. 

Mrs. Kohts' chimpanziu ntoved by various feelings. 
{Courtesy <f Mrs. KoktSf Moscow.) 
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Agy neither searched for them nor showed 
nv sigi^s of sadness or feeling of loss. Much 
Ic san^‘‘ is true of their affection for their 
babies. When a baboon or a chimpanzee 
baby hies, its mother generally refuses to 
part with its corpse, but carries it about until 
jt becomes dry and mummified. Tricks 
I to be resorted to to get the body away. 
But once it is gone, memory is short-lived ; 
after a little searching, the mother shows no 
sign of remembering her loss. In this, as 
bi so much else, the ape’s behaviour differs 
from ours chiefly in respect of its im- 
mediacy. 

The chimpanzees are among the most 
sociable of animals. The greatest punish- 
ment you can inflict upon a young chimpan- 
zee is to put him into solitary confinement. 
He pines, mopes, grows listless and sickly. 
They are almost as ready to accept com- 
panionship from human beings as from their 
own kind ; but now and then explosive 
happenings remind the human that he is 
dealing with a different species of organism. 
Koehler, for instance, in his Mentality of 
forcibly describes the working of their 
)ierd instinct. “ The moment your hand 
falls on a wrong-doer, the whole group sets 
up a howl, as if with one voice. ... At 
times the most insignificant episode between 
man and ape, which arouses a cry of anger 
against the enemy and springing against 
him, is sufficient for a wave of fury to go 
through the troop ; from all sides they 
hurry to a joint attack. In the sudden 
transfer of the cry of fury to all the animals 
whereby they seem to incite one another 
to ever more violent raving there is a 
demoniac strength. It is strange how full 
of moral indignation this howling of the 
attacking group sounds to the ears of man ; 
the only pity is that every little misunder- 
standing will call it forth as much as a real 
assault ; the whole group will get ^nto a 
state of blind fury, even when most of its 
uiembers have seen nothing of what caused 
the first cry, and have no notion of what it 
is all about.” 

Fear, too, can be induced. If Koehler 
into the cage, simulated terror and 
looked fixedly in one direction, the chimpan- 
zees ran together and looked fearfully in the 
same direction, although of course there was 
noil ling whatever to be frightened of. 

In such a socialized animal, the instincts 
of self-suppression and self-assertion are of 
R^eat importance. One outcome of the 
Self-suppressing tendency is Seen in the 
trustful way in which many chimpanzees 
sol)mit themselves to medical treatment. 


An outcome of the urge to self-assertion is the 
immediate advantage which they take of the 
least weakness or timidity in other apes, or 
in human visitors. And the interplay of the 
two opposed tendencies results in the estab- 
lishment of a regular order of precedence. 
After a group of them have lived together 
for a week or so, each will have found his 
social level. One (who may be of, either 
sex) will be head of the gang ; and of the 
rest each will boss certain individuals and 
let himself be bossed by others, without 
matters ever coming to a head in a 
fight. 

Human beings may be drawn into the 
network of precedence. De Haan records 
a remarkable instance of how this system 
works with tailed monkeys. He was experi- 
menting with a mangabey and a macaque. 
The mangabey entirely dominated his 
companion ; he had only to lift his eye- 
brows or show the whites of his eyes for the 
macaque to throw down his food and retreat 
hurriedly into another compartment. The 
mangabey, on the other hand, felt himself 
inferior to the man. He offered no resistance 
to De Haan’s threatening gestures or looks, 
but reacted to them in a regrettably human 
fashion (very like that of the clerk who has 
been hauled over the coals by the manager 
and vents his spleen on the office-boy), by 
looking viciously at his companion, who 
immediately slunk off into the small com- 
partment. 

One day, De Haan wanted to demonstrate 
this procedure to the keeper. But now when 
he threatened the mangabey, it sprang at 
him instead of turning on the other monkey. 
To the monkeys, the keeper was a much more 
important personage than thb man of science ; 
and the fact that he was there and remained 
benevolently neutral was sufficient stimulus 
to the self-assertive side of the mangsifccy 
to make him react directly to De Haan’s 
threats ; but as soon as the keeper left the 
room, the mangabey gave up his bold face. 
If the keeper threatened the monkey and 
De Haan stayed quiet, the beast turned on 
De Haan ; but if De Haan came with a 
visitor and made threatening gestures, it 
was the visitor who was treated as an inferior 
and snarled and screamed at. If Dc Haan 
pretended to have a scrap with another man, 
the mangabey always took sides ; and he 
always sided with the ” higher in rank ” 
— with Dc Haan against a casual visitor, but 
with the keeper against Dc Haan. As our 
author says : ” It was certainly surprising 
and somewhat disappointing to sec how 
this feeling of the rank of the different persons 
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predominated over sentiments of personal 
affection.” 

We could run on and fill a chapter with 
details of the emotional ‘behaviour of apes, 
so fascinating are its odd resemblances and 
differences to our own. But the reader 
can go to the admirable books of Yerkes 
and Koehler ; for our present purposes a few 
more anecdotes must suffice. , 

A young orang-outang whom Yerkes was 
testing would show his discouraged puzzle- 
ment with a problem that was too much 
for him by repeatedly bumping his head 
none too softly against the floor, just as a 
man might hit his head with his fist in 
despair at his own stupidity. 

An adult male chimpanzee at Madame 
Abreu’s place began to evince an embarrass- 
ing interest in a fair-haired girl in the kitchen 
whom he could see at her work from his 
cage. The door into the kitchen was accord- 
ingly screened ; and the chimpanzee saw 
the screen being put up by one of the men 
attendants. Before this, the man who had 
been instrumental in depriving the chimpan- 
zee of the sight of the blonde kitchenmaid 
had been on very friendly terms with this 
chimpanzee ; but a few days later the ape, 
seizing liis opportunity, made a vicious 
attack on him. The complex feelings 
engendered by this incident prevented the 
ape ever afterwards from looking his former 
friend in the eyes, or even accepting food 
or caresses from him. 

Large and unfamiliar animals produced 
panic in Koehler’s chimpanzees. The sight 
of two big oxen so terrifi^ them that it acted 
like a purge ; and the passage of a camel 
made it impossible for any experiments to 
be done for a considerable time. 

Koehler then undertook some experiments 
with crudely-stuffed toys. The realistic 
school of animal psychologists would have us 
believe that animals are only likely to 
react strongly to an object which is familiar 
or at least pretty similar to something in 
their natural environment. “ But,” he 
writes, ” the chimpanzee’s reactions were in 
almost comic contradiction to this view. 
Almost any representation of an animal, 
even if small and friendly-looking, is treated 
as uncanny ; and larger and more grotesque 
toys are the occasion for paroxysmal terror.” 
When Koehler came into the cage carrying 
a ^ggle-eyed quadruped, about eighteen 
inches high, with some resemblance to a 
donkey, “ in a second a black cluster, con- 
sisting of the whole group of chimpanzees, 
hung suspended ir\ the farthest corner ; 
each tried to thrust the othen aside and 
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bury his head deep in among them, ’ and 
when he suddenly put on a Gngaleso devil, 
mask, the apes were equally terrified. 

It was the combination of reseml)lance 
and difference that inspired their lerror 
Purely geometrical constructions h.id no 
such effect as animal toys, and merely 
concealing the face in a sheet would not 
act as did the mask. This encourages us to 
believe that the lantern-bugs which look 
like miniature reptilian heads do profit 
by the. resemblance ; and also gives us an 
insight into human nature. The uncanny, 
that which inspires with awe and sacred 
terror, is not the completely strange ; if it 
is too far beyond ordinary experience it is 
simply not grasped. To be effective, it must 
combine the familiar with the unfamiliar ; 
it must be strange, but recall what i.s well 
known. 

Let us come now to the intellectual 
development of the ape. Here the difference 
between apes and men is more marked 
and this in spite of the apes’ conspicuous 
superiority over other mammals. They 
have no true language ; that is their first 
and greatest deficiency. They have a rich 
and varied vocabulary of sounds, and these 
arc often used for communication ; but 
they are always expressions of their feelings, 
never descriptions of objects. If a chimpan- 
zee has a banana taken from him, he can 
express the fact that he is angry ; if he 
wants a banana, he can express the fact that 
he is hungry ; if he gets a banana, he can 
expicss the fact that he is satisfied. But 
he cannot say anything about the banana j 
itself. No ape has any words for things, i 
Nor is it easy to train apes in language habits. 
With great difficulty, one chimpanzee has 
been taught to use a few real words ; other 
experimenters have failed to achieve even 
this much. 

ThA mental life extends very little cither 
into the future or the past. Like young 
children, they live mainly in the present. 
There are many stories, apparently well- 
authenticated, of apes attacking the author 
of some injury after months of absence ; 
and we arc apt to think that this implies a 
memory like our own. But there is no evi- 
dence that the creature has any power ol 
mental recall. The offender has generated 
resentment against himself ; when he shows 
himself again, resentment is again aroused. 
This is an example of a long-enduring effee 
of past experience ; but that is no eviden^ 
that apes any other animals) can w 
human enough to brood over their injuries, 
or think revengcfiiUy of an absent enemy- 


THE EVOIiUTlOIf OF BEHAVIOUR IN VERTEBRATES 

In u hat Aen, a« Ae apes on a implements by which, if they were clever 

higher levd of behaviour than tats or dogs enough, they could reach it. Throueh- 
horses ? _ In coMder^ this question, out, the greatest care was taken that „o 
we must bring m the tail^ monkey, since human being should give the apes anv 
brain and tehaviour Aey are half-way hint of what implemenf to use or how "o 
between the tailless primates and the other — - ^ 

placentals. The first characteristic 
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of the higher primates’ behavioiu: 
is their manipulative restlessness. 

Xhey are always inquisitively ex- 
plorint? their environment, always 
enjoying themselves by doing some- 
thing with their hands. They are 
much better acquainted with the 
varied objects around them than 
arc any other creatures. These 
monkey tricks are the foundation on 
which human science and industry 
was finally erected. Confronted with 
puzzle-boxes and similar problems, 
monkeys seem little more intelligent 
than other mammals. But they have 
a greater range of movements, and 
they arc undoubtedly more imitative, 

1 hough not so imitative as popular 
belief would have them, 
fheir quickness and restlessness 
seem not to be particularly useful to 
them ; it is rather an overflow, a 
hy-product of their active arboreal 
life, rheir lack of concentration 
prevents them turning their capacities 
to service. 

Tlie tailless apes are a stage higher. 

For one thing, they are more imita- 
tive ; for another, they have more 
insigfit. The surprising tricks which 
•ipcs can be deliberately taught arc 
only of secondary interest. It is 
remarkable that chimpanzees can be 
trained to have as good table man- 
nei-s as many children ; that they 
will learn to dress and undress them-# 
selve.s ; that they will even sign their 
names (Consul, the famous perform- 
ing chimpanzee, had his own banking 
account and signed cheques on it). 

But all these are only evidence of the 
apes’ manipulative skill and docility. 

Consul, we can unhesitatingly affirm, 
had no idea that the marks he made 
on the paper were his name, or the 
least notion of what a cheque was ; 
he had been taught a trick, like a dog that 
does “ Trust and Paid for,^^ 



Fig. 316. An anthropoid engineer. 

One of Koehler's chimpanzees has discovered how to pile three bom 
on top of one another to secure a banana. The construction has proved 
adequate, but is rather insecure. Note the sympathetic movement 
of the spectator's left hand. {From Pr^. W. Koehler's “ Intelli- 
genzprUfungen an Menschenaffen " (“ The Mentality of A^s ”), 
by permission of Julius Springer of Berlin and Kegan Paul, Trench, 
• Trubner & Co., Ltd., of London.) 


The chimpanzees succeeded in accom- 
plishing the following feats. They realized 
What really interests us is their level of that they could use sticks to beat down a 
intelligent insight. Koehler tried to find banana hanging from the roof, or to reach 
what untaught chimpanzees could one on the ground outeide the cage. Once 
Achieve by putting food out of their unaided they had learnt this, they learnt to break 
^^ach, at me same time providing simple off brimehes tQ iwc when no sticks were 
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handy. They employed bigger sticks as interesting of all, they coidd combine unplc. 

vaulting-poles to leap at suspended food, ments. We have mentioned already the 

If a string which they could reach was tied chimpanzee who saw how to fit one stick 

to food which they could not reach, they at into another to make the long implement 

once pulled the thread towards them (a he needed (Book 3, Chap. 5, §1). They 

feat of intelligence that sounds simple, also piled two, three, and sometimes even 

but is probably quite beyond a horse or a four packing-cases on top of each other 

cat). To catch ants (which they liked when more height was necessary. 

Thus they have, it is clear ^ 
considerable power of solving sim' 
i B ' ^ ^ ' <• y/' , I ' ] pie mechanical problems; and 

■ ' H I . " them, not by 

I ■ ft 1 trroT, but with 

i ■ , I / the aid of what we have called 

; I 1 A insight — either solving them out- 

I I right or by trial and error illu- 

, B ■ minated by some understanding of 

S ^ m But their limitations were quite 

B f as striking as their achievements. 

, B m i They had only the feeblest insight 

B 1 . into mechanics. Their towers of 

B I boxes were usually unstable. 

B m ' They could never see that a ladder 

B*"' ^ ! was safe when it made an angle 

■' I ' " MU ' ’ with the ground, but persisted in 

! B I ^B|| pushing it with one side right up 

, m 1^ . ^ I against the wall, and its rung.s 

^ one of which was attached to a 

banana, while the other merely la\ 
close to it, they almost invariabh 
pulled the string that ran straight 
towards the fruit, irrespective oi 
' * whether it was fastened to it 

‘ ’ y-- • ‘ seems very dubious whether 

317 * implements by apes. apes have any understanding of 

A young and untrained chimpanzee y using two packing-cases to stand the mechanical situation which we 

o», employs a long pole to knock down suspended food. {From Prof. call connection of String and ob- 

W. Koehler's “ Intelligenzpriifungen an Menschenaffen ” (“ The • Thpv vrrv rarelv thought 

Mentality of Apes ”), by permission of Julius Springer of Berlin and J ’ . y wViirh 

ktg(u,Pm,lM^kTrulmer& Co., Lil, of London.^ of using an impleinent wh cn 

^ • was out of sight. Usually ^ 

eating for their acid flavour) outside their stick and the food had both to be visible 
cage, an ape would poke a straw among the for the ape to think out the connection 
ants until they crawled on to it, then pull between them. 

the straw back and lick the ants off it. They Many other facts could be cited to show 
used a hanging rope to swing on and so that their iqgight, though it takes 
clutch a suspended banana. They used farther than any other animals, fails before 
packing-cases, big stones, or even people situations which to us appear laughaidy 
to climb on and reach up to fruit. Most easy. Their limited association-centres wii 


PiS' 3^7* implements by apes. 

A young and untrained chimpanzee ^ using two packing-cases to stand 
on, employs a long pole to knock down suspended food. {From Prof. 
W. Koehler's “ Intelligenzpriifungen an Menschenaffen " (“ The 
Mentality cf Apes ”), by permission of Julius Springer of Berlin and 
Kegan Paul, Trench, Trubner & Co., Ltd., of London.) 
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„0t allow them to grasp many elements in one 
-ft of thought. 

And their average powers as a spectra are 
miifh lower than we have implied. For it 
” bv no means all of them which can solve 
Lh problems. Individual chimpanzees 
?fffr ra much, both in temperament and 
intclUffence, as human individuals. Many 
.main baffled, or sulky, or complacently 
unsuccessful; the more difficult problems 


were never solved, or even repeated, by any 
save rare ape-geniuses. Perhaps the most 
interesting of all the many interesting things 
that wait to be done in biology would be to 
take a group of clever chimpanzees and sec 
what could be accomplished by fifty gener- 
ations of selective breeding for intelligence. 
They are so near the critical point at which 
language and abstract thought begin ; could 
one help them across it ? 
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§ I. Objective and Subjective. § 2. Is Consciousness Passive or Active') 
§ 3. What is the Range of Consciousness? § 4. Body-Mind. 


§ I 

Objective and Subjective 

A nd now, before we can go very much 
farther with The Science of Life, we 
must bring into consideration a whole new 
system of aspects which so far we have 
avoided. We warned the reader at the 
outset (Introduction, § 5 ) that we were going 
to do this. As long as we could, we have 
viewed life as visible, tangible, material fact 
external to our conscious minds, and ignored 
any other possible point of view. “ Feeling ’* 
we have left out of account. We have 
studied life objectively, using that word as it 
has been used since the days of Kant. It 
has been the spectacle of life, the spectacle 
of its evolution and behaviour, that has 
engaged our attention. We have avoided 
any element of introspection in our view. 

But as we have studied the behaviour of 
creatures, the questions of feeling and 
knowing and thinking and willing have 
come nearer and nearer to us, and the fact 
that we feeJ and think and know and will 
begins now to force itself upon our attention. 
The contrast and the relations between the 
world of feeling within, the subjective world, 
and the world of exterior reality, the objec- 
tive world, can no longer be disregarded. 
They must now be discussed. 

They have to be discussed, they have to be 
stated, but let us say clearly they cannot be 
explained. This duality of all our individual 
universes, this contrast of objective and 
subjective, is an inexplicable duality. So 
perhaps it will always remain. It is a 
jwdamcntal condition of life as we experience 
|;t« It is possible that a day will come when 
all the processes which go on in the brain * 
when we think or fall in love, will be des- 
cribed fully in the physiological terms of 
matter and energy. The explanation may 
be complete in its own sphere — but the 
experience of thinking, or of being in love, 
will not even have been described, let alone 
explained. That applies with equal force 
to simple sensation. When we have the 
sensation of redness, light of a particular 
wave-length is stimulating a certain kind 
of cell in our retina, and there it sets going 
nerve-impulses to certain centres in our 
brains. But no amount of knowledge of 
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wave-leng^s and retinal cells and nerve- 
centres will make a blind man understand 
the unique quality of redness as opposed 
to greenness or blueness ; can describe 
and explain the machinery underlying 
sensation, but not the sensation itsel 
Material processes cannot explain conscious^ 
ness any more than consciousness can ex- 
' plain material processes ; they are diirercni 
qualities of being. 

We can, in general terms at least, explain 
the physical mechanism of brain ; we cannot 
explain how its working makes us feel and 
know — or indeed, why we feel and know at 
all. There we come to a riddle that smiles 
away any completeness from a purely 
physiological, mechanical account of life. 
Nor has philosophy or theology any answer 
to this riddle. Theology stumbles upon (his 
opposition in its dilemma of predestinatioji 
and free-will. From one point of view, the 
point of view from which we contemplate the 
outside world, there seems to be a definitt* flow 
of causation from one moment to another, 
so that if we knew all the facts about any- 
thing at any one moment, we could predict 
exactly what would happen to that thing. 
That is our normal way of regarding exterior 
events. They are, we assume, fated. They 
are predestined. If something unexpected 
happens we infer that there was some cause 
we overlooked in operation, and wc seek 
it, and generally find it. But from the point 
of view of looking inward, the things within 
have none of this certainty. We feel free 
to make up our minds in any way. We 
choose continually, but it docs not seem to us 
that our choloc ii j^4itioncd. To other 
.^people it may seem wt we cannot help but 
choose so and so, but not to ourselves until 
the instant of decision. Quite conceivably 
minds are very complex weighing-machines, 
and this freedom of choice may be a delusion, 
but it is a delusion woven into the very stu ff of 
the weighing-machine. The mental weighing- 
machine can never realize it is a machine. 
A theologian might put it that predestination 
is the universal law, but free-will (he law 
of the individual moral life within the ffanjf* 
of that universal law. Or, returning ^0 the 
language of eighteenth-century philosophy, 
predestination is objectively true and to' 
will subjectively true. Each is true m hs 
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sphere, and there is no way of synthe- 
sizing these two into one. 

§2 

Is Consciousmss Passive or Active ? 

Nowadays these perennial questions . pre- 
jent themselves with superficial differences 
and essential resemblances to the paradoxes 
[)f our forefathers. There is the old incom- 
patability, clothed in new phrases. There 
is restatement but no explanation.' 

And apart fi'om the insoluble riddle of this 
juality, there are questions of the relation- 
ihip between these* modes of experience 
that are only one degree less refractory. 
Men still differ profoimdly upon the question 
ivhcthcr this dualism is, so to speak, a 
iualism on equal terms, or whether con- 
iciousness is dependent upon objective 
eality, as the picture in a mirror is dependent 
jpon the things that pass before that mirror. 
Is consciousness merely a reflection in a 
nirror, or is it associated with other kindred 
:)owers or qualities, so that it can be not 
)iily affected by objective things, but active 
ind able to react upon them ? Or, what 
5 very nearly the same question, is con- 
ciousness merely an aspect of reality or a 

I separate independently active factor in living 
realities ? 

Wr cannot answer that brieHy here. 
i Indeed, wc cannot answer it decisively at 
! all. But the rest of this Chapter and the 
; next two Chapters following it will be 
contributory to the reader’s judgment on 
I the matter. Perhaps these questions, so 
widely asked and so inadequately answered, 
are difficult because they are still badly 
put. Perhaps they assume too complete 
an opposition between the objective and 
subjective. Perhaps wc treat body and mind 
^ opposites in kind, when in fact each is one 
face of a single two-faced reality. Let us 
consider first what we teow about con- 
sciousness at the present dtne. Let us ask . 
now far it extenefs in the world about it ? 
And in the course of ‘answering that we may 
nnd these profound questions take on a 
dilFerent and less difficult appearance. 

§ 3 

b ha\ is the Range of Consciousness ? 

^0 Inow by direct knowledge of no 
conscHMisness but our own. We know that 
inaivKiually we think and feel. Or rather, 
Kno\- But people about me feel, 
assiLiie and infer. I have no direct 
Knowle.ige of that. We infer that other 


people feel from their behaviour— from • 
the movements of their facial muscles that 
give smiles or frowns ; from their actions 
that imply a conscious purpose ; from the 
words they use, which we interpret through 
long familiarity so wholly in terms of 
meaning that we are apt to forget they arc 
only symbols, themselves mere air-vibrations 
of peculiar and arbitrary form. But no 
sane person hesitates to infer that all normal 
human beings are as capable of conscious 
thought and feeling as he himself. 

But there many thinkers have stopped 
short. The great Descartes (1596-1650), 
whose views exerted the profoundest influ- 
ence on the thought of the next two centuries, 
held that animals were automata, while 
man alone had a true conscious soul. 
“ The animals,” he writes, “ act naturally 
and by springs, like a watch ” ; or again, 
“ The greatest of all the prejudices we have 
retained from our infancy is that of believ- 
ing that beasts think.” The soul, thought 
Descartes, communicated with the body 
through that central and unpaired organ 
of the brain, the pineal gland ; the soul 
operated in the pineal gland like a captain 
in a conning-tower ; in some way it directed 
the activities of the animal and automatic 
machine constituted by the rest of the body. 
Apparently Descartes was unaware that 
other vertehrata also possess pineal glands. 

Such a restriction of consciousness to 
humanity became impossible when the 
facts of reproduction, development and 
evolution were fully realized. It was only 
credible — and even then with difficulty — 
during the age of creationist dogmas. In 
each one of us we are now free to recognize 
there has been an unbroken development 
from fertilized egg to adult conscious human 
being. Yet no one will maintain that the 
ovum or the early embryo can be conscious 
in the same way that the man is conscious. 
None the less, it is impossible to draw any 
sharp linc:sj|in development and to say, 

“ Here consciousness enters the embryo 
or the infant.” There is an imperceptible 
sliding into conscious life. The same diffi- 
culty greets us when we look at other animals. 
The higher vertebrates have so many points 
of similarity to ourselves in their behaviour 
and the construction of their bodies and 
brains that we all, in spite of Descartes, 
ascribe to them almost intuitively a con- 
sciousness akin to ours. Evolution only 
confirms this most natural impulse. It seems 
obvious that apes and dogs and mice and 
birds have consciousness. 

But there is a limit to the ready recog- 
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nition of fellowship. What sort of conscious- 
ness has a frog or a fish, for all its kindred 
brain? We may find it tempting to read 
consciousness into the behaviour of an insect ; 
but the interpretation has to bridge a still 
wider gap of inference. We spei of an 
angry wasp. But may not a wasp’s anger 
be as different from ours as is her way of 
seeing or hearing from ours ? What about 
the consciousness of a crayfish or an earth- 
worm, in which the brain is rudimentary? 
Of a sea-urchin, in which there is no brain ? 
Of a jellyfish, in which there is no centralized 
nervous system ? Of a sponge, in which 
there is no nervous system at all ? A cabbage 
— an amoeba — a bacterium ? And yet the 
facts of biology have forced Evolution upon 
us, and we must believe that all these 
creatures are part of the one stream of life, 
that we with our consciousness have 
developed imperceptibly out of ancestral 
fish, out of still more remote ancestors no 
more elaborate than worms, than polyps, 
than amoebae. 

And pushing our exploration farther 
back we have seen every reason to suppose 
that life has evolved from not-life, living 
matter from matter that had never been alive. 

What conclusion can we draw from this 
array of facts and ideas ? First, if we are 
not to break the principle of continuity 
that is at the root of any connected thinking 
about the world, and is revealed with 
diagrammatic clearness in the material 
side of development and evolution, we must 
suppose that consciousness such as we possess 
has evolved and developed, and that just 
as our muscles and nerves and stomachs 
and eyes and their activities have gradually 
been produced out of undifferentiated proto- 
plzism and its less specialized yet not alien 
activities, so our consciousness and our 
capacities for feeling and thinking have 
gradually evolved out of some capacities 
of the same general nature as consciousness, 
which are the properties of protoplasm 
even in such simple form as ovum or amoeba. 
There is no escape from this unless we believe, 
as many theologians do, that consciousness 
has suddenly appeared out of nowhere, so 
to speak, during the course of evolution, and 
dunng the course of each man’s or woman’s 
personal development. Psychology shows 
us clearly enough that processes like those 
of consciousness, but of which we are not 
fully or intensely conscious, can go on in us 
— our visceral activities, for example — and 
doubtless the mind-like properties of embryo 
or amoeba arc so rudimentary that we can 
scarcely hegin to imagine what they may 
762 


CHAPTER 4 

be like. Wc can only say that they must 
be of the same nature as our mind— a dim 
awareness, a dim striving. 

An analog will make the point clearer 
There arc fishes which can give violent 
electric shocks. There seems at first sight 
to be no bridge between this power and any 
capacities of other animals. But the inven- 
tion of delicate instruments and the investi- 
gation of life-processes by their aid have 
shown that this was due merely to our 
ignorance. As a matter of fact, there is not 
a single activity of life which is not accom- 
panied by electrical changes — only these 
are so minute that we need special insiru- 
ments for their detection. Every time a 
muscle contracts, a gland secretes, a nerve 
conducts an impulse, an electrical change 
takes place which can be measured by the 
aid of a sufficiently sensitive galvanometer. 
In the electric eel, certain of the muscles have 
been transformed in such a way that their 
several small electrical effects are enlarged 
and summed together to produce a consider- 
able discharge. In the normal muscle 
or gland the electrical effects that accompany 
its working are inevitable results of the nature 
of protoplasm ; living matter is so made 
that when it suffers physical or chemical 
change an electrical change takes place as 
well. In the average animal these tiny 
electrical changes are of no special biological 
value ; they are only necessary by-products 
of its nature. But in the electric eel a 
special machinery has been built up which 
intensifies the electrical happenings and 
makes them of direct value to their possessor. 

May this not be what has happened with 
mind ? Something of the same general 
nature as consciousness, we suppose, accom- 
panies the activities of all living matter, 
it may be of all matter ; but it is generally 
beyond comparison feebler than ours, and, 
like the electric properties of ordiriaiy 
nerve or muscle, is undetectable by ordinary 
inspection and is of no specific use to the 
animal. It is an unavoidable part of the 
process, but not an important object of the 
process in such instances. In the course of 
evolution, however, special machinery is 
built up — brain — through which these mind- 
properties of life have been utilized, inten- 
sified, and harnessed, and finally in ourselves 
made the most important single biological 
property of the organism. The brain is 
the organ bringing mind into effective 
activity, as the intestines bring fermenting 
and digcstivel^actions into effective activity^ 
or the electric organ of the electric eel, the 
electric concomitants of the vital process. 
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§4 

Body^Mind 

If what we have suggested in the preceding 
section is so, then many si^ current questions 
about the relation of mind and matter cease 
to hnve a meaning. The brain does not 
amraie mind any more than the mind 
eenerates brain. But the human organism 
is so constructed that when it is thinking 
particular and complicated happenings are 
going on in its brain, and when certain 
happenings are going on in its brain it is 
thinking. Consciousness, on this view, is 
how the organism experiences the brain- 
happenings, which are all that the external 
observer could detect with the methods of 
physical science. 

Prof. Whitehead, in his Science and the 
Modern Worlds takes this view. Reality, 
as he envisages it, is a flow, a series of events ; 
and “ the private psychological field is 
merely the event considered from its own 
standpoint.” Or, as Lotka puts it : “ To 
say that a necessary condition for the writing 
of these words is the willing of the author 
to write them, and to say that a necessary 
condition for the writing of them is a certain 
stale and configuration of the material 
of his brain, these two statements are 
probably merely two ways of saying the 
same thing.” The evolution of a complex 
responsive and selective apparatus and the 
appearance of a mind, each imply the other. 

i'o regard a conscious being in this fashion 
is quite incompatible with the older idea 
of him as a “ soul ” imprisoned in a “ body.” 
He is, on the contrary, a portion of the stuff 
of reality organized so that it is intensely 
conscious ; he is not mind and body, but 
l)ody and mind in one. Body is one aspect 
of this unity, mind is another. The matter 
of physics and chemistry and the conscious 
spirit of the human mind are two aspects 
of the organisms we call men and women. 
In the light of such a conception the old 
question, whether mind determines the 
actions of matter or matter determines those 
of mind, ceases to have any meaning at all. 
If our thoughts and our brains and bodies 
arc only two 2ispects of one reality, we cannot 
think of our living brains and bodies ^art 
from our minds. If the wprld-stuff is 
organized in a particular way, in the form 
which develops into a human being, it will 

both a body and a mind. Man, in this 
Ityi)othesis, is not Mind plus Body ; he is 
a Mind-Body. 

I he survival value of this complex choosing 
ort inization which involves consciousness 


IS obvio^y very great. By means of its 
enhanced powers of association and analysis, 
the newly evolved human mind enables 
life to grasp much larger situations than 
It was ever capable of before, and to hold 
in thought ^o alternatives and their 
consequences in a way impossible to any 
lower animals. On this power of deliberately 
balancing two alternatives simultaneously 
present in thought depends our persuasion 
of free will. We may never be able to untie 
the knot of predestination, but we can 
assert that the sense of freely willing is an 
essential part of this new machinery evolved 
by life for choosing between different ideas 
or courses of action. 

The world-stuff, it seems, could not have 
reached this new level, where it can for the 
first time balance elaborate alternatives in 
one act of mind, without experiencing the 
feelings of effort, indecision, arbitrary power, 
or flow of will in one direction, which con- 
tribute to our conception of free will. To 
spare oneself these feelings by substituting 
the idea of predestination in the excessively 
crude form of Kismet or Fate imposed on 
us from without is not only poor philosophy 
but a retrograde step in evolution. We 
are each of us a part of Fate, and the 
sense of free will is one of the methods 
through which our destiny is achieved. 

This conception of the body in space 
among objective things and consciousness 
which apprehends space but does not seem 
to occupy it, as being merely two distinct 
and infusible aspects of one substance, one 
mind-body, is called, and has been called 
since the time of Spinoza, Monism. Spinoza’s 
monism is the flat opposite of the extreme 
dualism of Descartes. It is the conception 
most prevalent among biological workers, and 
it dominates the thought of the three-fold 
author of this present work. But it must be 
clearly stated that this is not the common 
way of looking at these things. For many 
centuries a very emphatic dualism has ruled 
human thought and impressed itself upon 
language. We still talk of body, soul and 
spirit ; we put physical and psychic into 
antagonism and treat them habitually as 
systems of reality separable not merely in 
thought, but in fact. But from these time- 
honoured established ideas modern biology 
is steadily breaking away and moving towards 
this newer conception of a single universal 
world-stuflf with both material and mental 
aspects, of which, so far as we know, life 
is the crowning elaboration, and human 
thought, feeling, and willing the highest 
expression yet attained. 
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THE 

CULMINATING BRAIN 

§ I. The Expansion of the Cortex. 


§ I 

The Expansion of the Cortex 

B efore we come to the human mind 
we must say something of the organ 
in which the highest mental processes take 
place. 

The human brain has, roughly, the size 
and shape of a half-melon. It is pinkish 
and very soft to the touch. Its outstanding 
peculiarity, when contrasted with the brains 
that we considered in the early sections of 
Chap. 3, is the great size of its cerebral 
hemispheres and the way their surface is 
increased as much as possible, within the 
limits set by the size of the bony cranium, 
by being thrown into a maze of wrinkles. 

As their wrinkled surface indicates, these 
relatively enormous cerebral hemispheres 
of ours are largely made up of cortex and of 
the white matter supplying the cortex. 
The centres in the floor of the fore-brain 
which achieve such distinctive pre-eminence 
in birds are comparatively small in ourselves. 
Herrick calculates that the grey matter of the 
cortex accounts for about half of the total 
weight of the human brain ; it is twice 
as massive as that of an ape of equal body- 
size. During their colossal growth the 
hemispheres have overlapped the other parts 
so completely that nothing else shows 
when we look at a brain from above, 
and only certain parts of the hind-brain in 
the profile view. To sec where the other 
centres have got to we must adopt a different 
method of approach. 

Let the reader imagine himself a homun- 
culus on the borderland of the visible, 
apparent only as a speck to the naked eye. 
Let him be placed inside the central canal 
of the spinal cord (Fig. 306) and, inspired 
by curiosity, let him creep upwards into the 
cavities of the brain. What could he dis- 
cover ? 

As a convenient map of his peregrinations 
we submit Fig. 318, which shows a brain 
cut into equal halves. It is as if the brain 
had been sliced neatly along the groove 
that runs down its middle and the right 
half were viewed from the cut surface. 

First, then, as he nears the hind-brain, 
our tifiy adventurer finds that the caiwri 
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along which he is creeping widens out and 
at the same time the roof gets thinner, ’ihis 
is the part that was described in our account 
of the frog’s brain, where blood-vessels 
press up against the thin roof and where 
nourishing substances soak through into* the 
fluid within. But note a complication 
Most animals go on all fours, while humanity 
goes upright ; the human spinal cord is 
vertical, while most spinal cords arc hori- 
zontal. So our homunculus is clambering 
upwards like a chimney-sweep, and the 
“roof” of the hind-brain— the part that 
forms the roof in the great majority of verte- 
brates — rises as an upright wall behind hirn. 
Perhaps as he climbs past this thinnecl-out 
region (which is marked A in the drawing) 
he hears a faint drumming of arteries on the 
other side of the wall. 

But soon it thickens again, and he gets to 
the wide cavity marked ^ Here, in the 
middle of the hind-brainffie finds himself 
surrounded by important nerve-centres. 
Behind him bulks the massive cerebellum ; 
beside him and in front of him a series of 
slight bulges of the wall show where a 
number of reflex executive departments 
are located. Here the movements of the 
muscles of the face and throat and of thosr 
that bring about the breathing movements 
are controlled ; hither the ear, the taste- 
buds, and the sense-organs of touch and so 
forth from the head region send their reports. 
At the two sides of this chamber are great 
bulging colmnns of nerve-fibres by which the 
cerebellum behind communicates with the 
other centres in front. 

Farther on the passage closes in to a 
narrow tunneland plunges through the 
mid-brain. As he creeps through, our 
explorer observes that the optic lobes have 
lost much of the eminence which they possess 
in more primitive vertebrates. Instead of 
being great, egg-shaped protuberances, they 
are small,, comparatively inconspicuous 
swellings. This is because they have been 
superseded by the growth of the cerebral 
hemispheres in front. 

Abruptly jsjje passage changes in shape 
to form a cl^t (D), very narrow from side to 
side, but extensive from above downwards. 
This is the cavity of the between-brain. 
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At this stage the C3q>laircr hi* passage 
C oeded by an obstacle j(lM!5eti as k white oval 
'the ri‘4arc), a coitthiumcation between 
jje two sides of the betwecn-brain. As 
t\\ o thalami have grown and become 
more complicated they l^ye met and joined 
together. He has the choice of clambering 
over this barrier or of diving under it, but 
in the latter event he runs the risk of slithering 
down tlie funnel that leads towards the 
pituitary gland. So he takes the safer course. 
As lie goes over the barrier he leaves behind 
him the pineal gland— a little, stalked knob 
about the size of a cherry-stone — and he 
notices that most of the roof overhead is 
thin, and for the second time he hears the 
pulse of circulating blood. 

But now forward progress is com- 
pletely barred ; the slit-like cavity 
of the between-brain ends in an 
impassable vertical wall (shown pale 
in the figure). This corresponds to 
the front end of the brain of an 
embryo, or of a primitive vertebrate. 

H()\^'ever, the two cerebral hemi- 
spheres have grown out of the sides 
of the fore-brain, and into these he 
may venture if. he chooses. On 
either hand there is a round open- 
ing called the Foramen of Monro 
(M), and through one of these he 
may clamber into the great, ram- 
bling cavity of the cerebral hemi- 
sphere. 

Here he finds so complicated a 
series of chambers, and so much 
inside them to arrest his attention, 
that he could spend an hour or two 
in observant prowling. He could 
crawl over the deeper parts of the 
fore-brain that are concerned with 
smell-impressions, or over the inner 
surface of the corpus striatum. But 
because of its superficial position — it is 
outside and he is inside — he could never 
get near the grey matter of the cortex; 
and that is the part to which we must now 
turn our attention. So let us leave him to 
his investigations. 

One of the most fascinating developments 
of recent neurology has been the discovery 
that different parts of the cortex have 
amerent duties to perform. This branch 
of study received its original impetus in the 
early years of the nineteenth century from the 
J?;oi k of a German physician, Franz Joseph 
^all. He was the nrst to str^ the import- 
ance of the grey matter in die brain ; he 
showed that the white substance was fibrous, 
and consisted mcrdly of communica^ 


Strang running between the grey centres • 
he succe^ed in dissecting ou/a number 
the most mportant tracts of fibres. But 
he misconceived the significance of these 
mtercoimunicating grey centres, He be- 
lieved that the cortex was a patchwork 
ot Meas, each the special seat of some 
sentiment or faculty, and that by observinir 
the shape of a person’s head you could infer 
which of those areas were well developed, 
and thus what his character and disposition 
were like. He noticed, for instance, that 
several of his more quarrelsome acquaint- 
ances had prominent bumps behind the 
ears, and therefore placed a centre for 
“ combativeness ” in that region ; “ ama- 
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The right half of a bisected human brain ; 
for full description see text. • 

Parts cut through are shown as uniform grey surfaces. The thick, 
white, slightly arched band XX is the “ Corpus callosum,*' a com- 
munication between the two hemispheres present only in the higher or 
placental mammals, 

tiveness ** was put at the back of the neck 
because of the heat of that part in a hysterical 
widow ; and there was a centre for “ tune- 
fulness ” on the temple, because of a bulge 
that Gall noticed on the head of a musical 
prodigy of five. It is now known that the 
whole of this theory is nonsense, and 
although practising phrenologists may still 
be found, their profession ranks with palm- 
istry and the casting of horoscopes as far 
as its evidential basis is concerned. 

The subdivision of the hemispheres thal 
we are going to note rests upon much soundei 
grounds — ^partly upon observations of the 
minute structure of the grey matter itselfj 
and of the course of the fibres that supply it| 
j^artiy upon the results of systematic experi* 
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mcnt and the symptoms produced by war 
woundsi accidentsd injuries, and local 
tumours. Moreover, when the brains of 
other creatures arc taken into consideration, 
it throws valuable light on the evolution of 
the human mind. 

We have already described how the 
mammalian cortex began to expand from 
simple rudiments like those that are found 
in reptiles and birds to-day. The first 
part to grow and differentiate was the 



^Fig, 319. Where Gall believed some of our faculties to 
have their controlling stations. 

The centres are : (i) Sense of size ; (2) Sense of causality ; (3) Dis- 
position to imitate ; (4) Sense of colour ; (5) Sense of time ; (6) Wit ; 
(7) Sense of wonder ; (8) Optimism; (9) Firmness of character ; 
(10) Vanity ; ( 1 1 ) Constancy in friendship ; (12) Philoprogenitiveness ; 
Amativeness; (14) Aggression; 


13) 

* 7 ) 


. ; (I 

Sense of melody ; (18) Sense of < 

al sense; (21) 

(23) Love of food ; (24) Cruelty. 


^ . , . , ^ 

{20) Mechanical sense; (21) Acquisitiveness; (22) Cun- 


5) Caution ; ( 1 6) Poetry ; 
order; (19) Mathematical 


rung ; 


archipallium (Book 8, Chap, 3, § 4), con- 
cerning itself chiefly with matters arising 
from smell, taste, and sensations from the 
viscera. But as the mammals became 
more active and enterprising they developed 
other senses ; their eyes became steadily 
clearer and stronger ; the sense of attitude 
and bodily movement which depends on 
organs scattered in the muscles, tendons and 
joints was sharpened ; the sense of touch 
improved as the power of making manipu- 
lative movements increased. So the nco- 
pallium, the cortex concerned with these 
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activitia, spewed and gradually 
came to overshadow the older nart^ 
cemed with snftll. , 

Now just as the mid-bfain and hind-brain 
contain a number of distinct centres corres 
ponding to various functions, so the neo-' 
pallium began to subdivide itself into a 
series of specialized but interacting regions 
as its responsibilities increased, and it "took 
over more and rnore of the business of control 
Fig. 320, which we reproduce with the 
permission of Prof. Elliot Smith 
shows a series of mammalian brains • 
the types are all fairly primitive 
and unspecialized, and they are 
picked to give as near an approxi- 
mation as possible to the line 
through which we have evolved. 
The cerebellum and the rest of the 
hind-brain are represented as solid 
objects with a light stipple. The 
archipallium is white. The neo- 
pallium is variously shaded so that 
it looks rather like a patchwork 
quilt. The gradual supersession of 
the archipallium by the neopallium 
is brought out very forcibly by this 
diagram. 

Even in the simplest of these 
brains — that of the jumping shrew— 
the neopallium is divided into a 
number of distinct zones. Let us 
note one, shown black, concerned 
with the reception of impulses from 
the eyes ; another, shaded with 
T-shaped marks, responsible for 
hearing ; a third, cross-hatched, for 
the sense of touch ; and a fourth, 
coarsely stippled, whence fibres run 
down to the movement-centres in 
the hind-brain and spinal cord to 
carry the controlling instructions ol 
the cerebral hemispheres. In a 
mammal even lower down the scale, 
such as a rat or an opossum, these 
same areas would be present, but 
very much less sharply defined. It 
is interesting to follow their development 
upwards and to see the gradual improve- 
ment and extension in the behaviour of the 
animals closely reflected in the structure of 
the brain. 

The jumping shrew is a small gerbille-like 
African creature, living furtively, generally 
concealing itself by day and coming out 
at night to feed on insects and the like. 
Its name is due to its hopping kangaroo- 
wise on its hffid feet. As one would expect 
from its brain, its behaviour is elementary 
and mainly dominated by the sense of sme ll- 
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. mf of the jumpinK shrtfws have such long 
l^d mol'ile noses that they are known as 

''Ihg^rce'^stoew is a close relative of the 
inmoint! shrew, but it is an altogether more 
rile cjeature. It is able to scuttle very 
jLbly along surprisingly narrow branches, 
jnd for this clear eyesight and accurately 
controlled movements are necessary. 
Further, in an arboreal mammal, the nose 
loses much of its importance. How pro- 
foundly this affects the balance between 
neopalliurn and archipallium can be seen 
in the figure. 

The brains of the tarsier— a creature on 
the border-line between lemur and monkey 
-and of the marmoset — one of the most 


primitive living monkeys-^show further 
progressive specialization in the same 
direction. As the eyes get clearer and the 
hand becomes a more sensitive, plastic 
instrument the corresponding areas of the 
neopalliurn expand until the old smell-brain 
is dwarfed altogether. 

If the reader turns back to the section on 
the Evolution of the Mammalian Intelligence, 
he will see how important these changes 
have been. A creature like the jumping 
shrew, snuffling over the ground and with 
dim eyes and little adaptability or delicacy 
of movement, must live in an extraordinarily 
liiniled world. Of the smells of neighbouring 
objects it is acutely aware ; probably its 
mobile nose gives it a more accurate sense 
ol the localization of odorous things than 
wc can well imagine ; but anything 
more than a very short distance away 
is presumably only a blurred form, alarm- 
ing perhaps or simply uninteresting, but 
never very clearly perceived. A rat or 
u mouse, sniffing its way along, is at this 
kvel ; and the experiments • with rats in 
miniature mazes taught us that although 
the animals can form automatic motor 
habits they do so in a random way, without 
any sort of understanding. Their world 
seems to be olfactorily varied, but lacking 
in shape. The clear eye and the skilful 
hand of a monkey bring with them a tre- 
mendous increase in the ability to explore 
and understand the forms of objects. They 
piable their possessors to become less 
intensely self-centred ; to shift some of their 
attention from their inmiediate neighbour- 
hood to distant objects. They increase the 
radius of the accurately perceptible world, 
and in broadening the animal’s world they 
broaden its mind, for, since reflective ability 
ts obviously useless in a creature which can 
only clearly perceive events that are cither 


^ppemng to it or closely impending, 
the introduction of the remote into its 
scheme of things introduces the chance of 
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BRAIN OF THE JUMPING SHREW 

(Macroscelides) 



(Tupaia) 



BRAIN OF THE TARSIER 

(Tarsius) 



brain of the marmoset 
(H apale) 


Fig, 320. Four stages in the evolution of the 
mammalian brain ; for full description see text. 

The prefrontal areas ” and those marked with small circles 
and horizpntal lines are the “ association areas ” ; their 
extent corresponds with the intelligence of the animal, {Courtesy 
of Prof, Elliot Smith f from his “ Essays in the Evolution 
of Man.**) 
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acnv.ofatmlesspoldn^ about by the 

pause, of chance discovery by mvenbon. f tic bn^; Jth indicated 

We traced this supersession in Chapters, and snatmts: area expands in the 

saw the new method appear occasionally set and monkey, and another apneas ^ 
in mammals of intermediate grade, such as front of the visual cortex. In man the ^ 
dogs, and more often and strikingly in apes, new regions (white in Fig. gtjA ate 
But what of the final step, from ape to man ? enormously developed ; ancl there^ is a 

third at the side of the hemi- 
rFREBf?//.. sphere below the hearing-area. 

Undoubtedly the CTowth nf ,t.„. 
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set and monkey, and another appears in 
front of the visual cortex. In man, the^e 
new regions (white in Fig. 321) are 
enormously developed ; and there is a 
third at the side of the hemi- 
sphere below the hearing-area. 
Undoubtedly the growth of these 
new zones of the neopallium under- 
lies and determines the growth of the 
thinking mind. 

These new parts of the cortex 

V differ from the old in not being 
directly connected with any of the 

0 i sensory or motor centres in other 
Wk brain. All their fibres 

communicate with other parts of the 
cortex. They serve to co-ordinate 
• -^9 pther parts of the hemispheres. 

Their appearance is a curious echo 
.5;^ of something that happened very 
early in brain evolution. The first 
I brains, as we have seen, consisted 

^ of automatic reflex centres con- 

^ nected with sense-organs and special 

✓ groups of muscles. Then correla- 
tion centres arose to supervise and 
reflate the activities of these ad- 
ministrative d^artments, as we 
termed them. The cerebral cortex 


was such a co-ordinating centre. 
Fig. ^21. A diagram of the human brain^ seen from the But in the mammalian stock the 
leftside 318, 319, 320), to show some of distinctive plasticity of the cortex 

the special regions discussed in the. text, proved such a valuable asset that 

Areas concerned with sensations are stippled, those which control move- niore and more responsibility was 
merits are shaded, shifted up from the lowcr centres. 

... cortex was itself subdivided 

Gan we trace a corresponding change in into regions of higher grade. Once more 
bram-structure in this case also ? arose the need for controlling centres 

Fig. 32 1 shows the chief subdivisions of unoccupied by immediate executive activity, 
the hi^an cortex. AkS with the marmoset, and the new areas arose in response to this 
there is a sight-area at the hinder end, a necessity. 

heanng-area low down on the side, a touch- The steady, progressive development of 
area and a motor-area * above the hearing- these new areas in the neopallium cluir- 
arca. In the motor-area, the figure shows acterizes the primate stock. iTiey are the 
m^ detail than Fig. 320. It is seen that last parts of the brain to reach their full 
different parte of the body are imder the development in the child. In the jumping 
control of different parts of the area, its shrew the neopallium consists entirely of 

top end being re^onsible for the legs and areasitnmedHdely concerned with sensation or 

the lowcr parts of the back and its bottom response, and its mental life is alsd largely 
end for the head. But the striking thing or entirely occupied by proxixnate activities. 
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ne enoi mous expansion of the aiuodation 

in tlir man. 

far as behaviour k concerned, man 
tands out from all other animals in being 
ble to speak and think in words ; and this 
>ower underlies so much of the difference 
)ftwcen man and ape that we may give some 
iitention here to the parts of the brain con- 
erned in language. 

It has been known for a long time that 
disturbances of speech — either of utterance 
nr of understanding — may follow injury 
to th(‘ left cerebral hemisphere. Oddly 
nioiigh, such disturbance very seldom 
result from injury to the right. It is a 
curious and quite unexplained fact that the 
nerve-fibres cross over on their way from 
the lower centre to the cerebral hemispheres 
so that the left side of the brain controls 
the right side of the body, and vice versa. 
But why the mental procese concerned 
in speech should be confined to one hemi- 
sphere- as apparently they are — is com- 
pletely mysterious. We all have a certain 
asymmetry of the apparatus of behaviour, 
btiiig able to perform more delicate move- 


ftas ^fficulty in making 
■ Y*®* Disease in the npi<rh 

a similar Mmplaint called ‘‘ word-dLS’ 
whra, although sounds can be heard the 
meaning of spoken words is imperfectly 
apprehended Finally, an injury ‘ at dw 
front end of the strip, near the motor- 
area, produces disturbances of articulation, 
although the patient may think clearly 

words perfectly well. * 

These facts reveal a state of affairs con- 
trasting strikingly with the mosaic which 
the phrenologists drew on the human 
cranium. It is evident that a large part 
of the cortex participates in the speech 
function, not any sharply delimited centre. 
The special areas for sight, hearing, and 
movement participate ; and so do the 
association areas between them. The local 
injuries that we have discussed merely 
produce blockages at one part or another of 
the system ; thus a tumour at the front end 
of the strip simply interferes with the power 
of framing words ; the patient may still be 
able to laugh, to express emotions by 
grunts and other appropriate noises, and 
even <o sing tunes. There are cases where 
in this condition the ability to write is 
retained. 


ments with the right hand than the left ; 
the same is said to be true of gorillas. 
Perhaps the fact that we learn to write 
with the right hand determines the fact that 
our language-associations are built up 
primarily in the hemisphere which controls 
the light hand. However that may be, 
the lart remains ; and the opinion is current 
among neurologists to-day that we do most 
of our thinking wi(^ thb left halves of our 
l^rains, the other side being comparatively 
vacuous. 


Now any injury may cause a disturbance 
of speech if it falls witnin a wide strip lying 
along the side of the hemisphere, from just 
in front of the sight-area by the hearing-area 
to below the motor-area. Moreover, the 
nature of the disturbance varies according 
jo the part affected. Local disease at the 
hinder end of the strip near the sight-area 
produces ^ “ word-blindness ” — an inter- 
itrenee with the interpretation of writing 
print ; the patient can sec the letters 


Speech, then, is not the function of some 
special part of the brain that other animals 
lack ; it is an extension of faculties, present 
in cruder form in other mammals. 

In the early study of brain anatomy there 
was eager search for some part of the brain 
that would distinctively characterize our 
species — something that we possess, and that 
is absent in all other animals.. Various dis- 
coveries were announced, but in every case 
it was found that the part could be traced 
elsewhere, at least as far as the higher apes. 
Now we know that no such distinctively 
human feature exists. The differences 
between the brain of a man and the brain of 
an ape are simply differences of proportion — 
of the extent to which the association areas 
are developed. And just as the human brain 
has evolved through a series of stages that 
we can trace quite closely to-day, so with 
the human mind ; it is no more than a 
culmination of possibilities that can already 
bie detected far down the vertebrate scale. 
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* Pavlov 

»■ 

W E shall start our analysis of the 
working of this supremely important 
thin layer of grey matter, to which our 
examination of the culminating brain has 
led us, by first using what is called the 
“ Behaviourist ” point of view, and studying 
mental phenomena objectively and from 
outside. Only afterwards shall we resort 
to those more introspective methods which 
the Behaviourists treat as negligible or rela- 
tively unimportant. 

At present there are two chief schools of 
Behaviourists — one in America and one in 
Russia. The name “ Behaviourist ” is often 
confined to the former. But the Russians, 
who have been working now for nearly 
thirty years under the leadership of Professor 
Pavlov, at Leningrad, arc Behaviourist in 
principle. They show the same bias for 
purely objective methods of research. The 
Russian school works mainly on dogs, 
and, as wc shall soon sec, this has its advan- 
tages ; the dog is simpler in mind than we 
arc, but it evidently acts according to the 
same fundamental laws ; and it enables 
us to get at those laws in a less complicated 
and more understandable fashion than if we 
approached them first through man. The 
American work has a more intimate human 
application, and we shall find it best to leave 
it for a time until we have learnt what we 
can from our humbler, simpler, canine 
material. 

The full importance of Pavlov’s work has 
only been realized in the last few years, as 
its results have been made available in 
translations. Its principles have still to find 
tlicir way into current psychological teaching 
and popular literature. That they will 
play a fundamental part in the future 
development of the science of mind cannot 
be doubted. Much of the following account 
may strike the reader at the first onset as 
artificial and remote from his or her own 
thinking brain ; some of it may seem to 
savour of pedantry, with ife rather tiresome 
new terminology. That is how the growing 
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biology — impressed many educated minds 
a century or so ago, before they had begun 
to work their revolution in practical aflkirs. 
This work that we are about to examine is 
still in the experimental stage, and the 
reader must not look for the complete 
logical integration of a riper science. Beyond 
occasional very illuminating hints, it has no 
immediate practical application. But as a 
pure analysis, as an indication of how mental 
operations can be studied and described 
in terms of simpler conceptions, it is of the 
greatest interest. ‘We make no apology 
for giving a fairly long account of it here. 
It is and it will remain of fundamental 
significance in mental science. 

§ 2 

What is a Conditioned Reflex? 

It was not Pavlov’s original intention to 
explore the machinery of the brain. He 
happened upon that field of work in lh(‘ 
course of other investigations. It appeared 
suddenly and challenged his attention while 
he was studying the digestive glands and 
digestive processes. He was like a man 
exploring the upper valleys of a mountain- 
range, who happens unexpectedly upon a 
pass into hardly suspected vast regions 
beyond. 

Pavlov, in his earlier work, had noticed that 
the salivary glands are delicately controlled 
according to the needs of the organism. 
If dry food is taken into the mouth a lot 
of saliva is produced, so that it may be 
properly moistened ; with watery food the 
flow is less copious. Moreover, the texture 
of the spittle varies besides its quantity. 
If the mouthful is going to be swallowed, 
a slimy, lubricating saliva appears ; but 
if it is nasty and must be ejected, the saliva 
comes thin and watery to help in rinsing 
the mouth. These facts do not at first seem 
likely to throw much light on mental 
processes ; but let us continue. 

These vaijiyjttions in the activity of the 
glands arc in themselves simple, inboi n 
reflex responses. No mental activity is 
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jjivoK ' d. The substance in the mouth acts 
on special taste-orgam on the tongue and 
palate, and the action of the glands is 
autoiiiatically regulated in accordance with 
the information thus supplied. 

Bui now the mental factor creeps in. 
Xhe salivary glands are not merely auto- 
matic in this straightforward way. They 
can l)e controlled in a less direct 


room ^th as few distracting excitements 
as possible. PresenUy it hears the regular 
click of a metronome (a thing it has never 
heard before), and a few seconds after this 
has started, a plate of food swings down 
on the end of a string from a place of con- 
cealment. The dog sniffs, looks, and begins 
to eat ; when it has finished, the plate 


fashion. Not merely the contact of 
the food, but the mere sight or 
smell of 4 food, or even signs of 
preparation of a meal, can make 
the mouth water. Approach a dog 
with a dish that it loves, and slimy 
saliva will flow in its mouth at once. 
Approach it with a nasty medicine 
that has to be forced down its 
throat, and a defensive, watery 
secretion will appear. But here we 
have something more than the in- 
born response of a simple reflex 
action. None of these things will 
happen the first time the dog sees 
that particular dish or medicine. 
An clement of memory comes in ; 
the animal reacts as it does because 
of past experience. A dog wliich 
has had its cerebral hemispheres 
removed will produce the right kind 
of saliva to suit a substance thrust 
into its mouth — ^it has the simple 
reflexes — but it will not react to 
the sight or smell of such substances. 

It docs not recognize them. Ob- 
viously these are subtler responses, 
and we are dealing with a more 
complicated state of affairs than 
before. 

I his was Pavlov’s point of de- 
parture. He asked and sought to 
find out as exactly as possible how 
these “ psychical responses ” of the 
salivary glands worked. He was 
not a psychologist, he knew next 
to nothing of psychological terms, 
ind so he set about the problem as 
1 physiologist should — by experi- 
nenting, and by speculating no 
urther than the observable facts 



Fig, 322. A diagram to show the difference between 
inborn and conditioned reflexes. 

If food is put in the mouthy impulses flash up to the brain along a 
rurve from the taste-organs on the tongue. In the brainy owing to an 
inborn nervous connectiouy thejf travel to the centre controlling the salivary 
glands and so outy along another nervfy to the glands themselves. Thus 
the mouth waters and the food is lubricated for swallowing. 

Thai is an unconditioned reflex. When we learn things, we do so by 
forming similar nerve-connections {shown dotted) in the cerebral hemi- 
spheres. The man shown has learnt that a particular cooked dish is 
good to eat. When he sees the dish, impulses Uavel from the eye to 
the visual centre {V) in his cortex. As he has formed a connection 
{dotted arrow) between this centre and the motor centre {M) controlling 
his salivary glands, the impulses follow that route and his mouth waters. 
Similarly, when he learns that a particular gong heralds dinner he forms 
a connection between the hearing centre (//) and the motor centres con- 
cerned. Compare Fig. 321. 


vould carry him. 

To begin with, he simplified the conditions 
the experiments as far as possible, so as 
0 get the problem into a clear, diagram- 
matic form. His work on digestion had 
done on dogs, so with dogs he continued, 
-el us ^ve an example of the sort of experi- 
ment with which he started, eCnd one which 
mi bodies his first underlying idea. 

/V dog is taken and put by itself in a quiet 


swings away. Presently, after a suitable 
lapse of time, the clicking begins again, and, 
as before, the plate swings down almost 
at once, bearing a new med for the animal. 
And so on, time after time. Soon, as we 
watch the progress of the experiment through 
a peep-hole in tfle wall, we notice that the 
dog’s behaviour ftas changed. At first the 
sound of the metronome meant nothing 
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to the dog, but after a few repetitions it 
calls forth signs of expectation excited 
movements, liddng of* the lips, watenng ot 
the mouth and a similar, but invisible, 
watering of the inside of the stomach. In 
a word, the clicking is now recognized as a 
signal of impending food. 

One might say that the dog has learnt 
that the metronome means food, or that 
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CEREBELLUM 


SPINAL CORD 

CEREBRAL 

HEMISPHERE 



CEREBELLUM 



PITUITARY GLAND SPINAL CORD 

Fig. 323. The brain of a dog, seen from above and from 
the left side. 

Tht cerebral hemispheres are better developed than those of a rabbit 
(Fig. 31a), but not so mil as those of a chimpanzee or a man. 

it has associated the two together. But 
Pavlov was distrustful of such phrases. 

He wanted to make a new analysis, using 
terms of his own invention and definition, 
and to bring the phenomena as far as 
possible into fine with simpler physiological 
tacts already known with preasion. Krst, 
then, he remarked that when the new habit 
was estabfished it became indistingtiishable 
77a 


in its action firpip kd orriinary rcfl( \ as f 
as an outside observer could sr r 
clicking now evoked j^ns of appeiiu- nr. 
ciscly as a sudden moment near om ofth 
eyes evokes an automatic blink. The diff ^ 
ence was simply that while the latter reflex 
is inborn in the orffanism, the fonniT had 
been acquired and depended upon the 
peculiar conditions to which the do? h^d 
been exposed. ^ 

This likeness and this diirerence 
are both expressed in ^ Pavlov’s 
terminology. The “ learnt ” re- 
sponse he called a conditiumd reflex 
since it was implanted by external 
conditions ; the other he called an 
unconditioned reflex^ since it was part 
of the dog*s natural outfit. 

The reader may object to this 
parallelism on the ground that the 
reaction to the metronome is much 
less infallible than the blink-reflex. 
An animal will only register appetite 
if the idea of food attracts it, and 
will ignore the clicking if it is 
already well filled. But even ordin- 
ary reflexes depend on the physio- 
logical state of the organi.sm. I he 
sexual reflexes are a good example, 
appearing in most animals at speciid 
seasons only, at the bidding of their 
internal secretions. On the other 
hand, a learnt reflex based on 
physical punishment instead ol' I'eccl- 
ing may become quite as powerful 
and regular as an inborn reflex. 
The distinction is not a sound one. 
These arc differences not of kind 
but of degree. A conditioned reflex 
is usually less powerful than an un- 
conditioned one. In general a 
conditioned reflex is slower than 
an unconditioned one, because it 
involves a more complicated 
mechanism in the brain. 

It will make this idea clearer if wc 
put it in terms of brain structure. 
An ordinary reflex depends, as wc 
have learnt, on the way the nerve- 
fibres are arranged, just as the 
course of the electricity in a circuit 
depends on the way the connections arc 
arranged. Take the reflex of producing a 
watery saliva whenever an unpleasant 
substance is put into the mouth. Imptnses 
flow up special nerve-fibres fix>m the s( nse- 
organs in the mouth to a centre in the bi un 
Thence thc/Vm away altmg other hijre! 
to another centre, and thence out to thosi 
parts of the salivary glands which niak< 
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involve! 


terv ! . liva. At ihc tinit some of 
Sjnwiii be conduiited idong other appro- 
oriately arranged fibrcp to the muscles which 
Lble us to spit difligs out. AH this is a 
natural and necessary consequence of the 
in which the nerve-fib^es are arranged 
the brain. But the conditioned reflex 
a more tortuous journey for the 
nervous impulse. Let us consider an ex- 
ample Suppose that a conditioned reflex 
is built up in the following way— a whistle 
is blown and a nasty substance is popped into 
the mouth, and the procedure is repeated 
until the sound of the whistle is alone suffi- 
cient to call forth watery saliva and expulsive 
movements of the tongue and throat. 
How has this come about? We know that 
when the whistle blows impulses stream 
from the ear to a special part of the brain, 
and we know when the expulsive response 
appears that impulses are streaming 
out iVom other brain-centres to the 
appropriate glands and muscles. 

Mariih'stly the formation of the con- 
ditioned reflex must consist in 
establishing a connection of some 
kind between the two centres. A 
track has been opened between these 
two centres. The simultaneous ex- 
citation of these centres has brought 
about their mutual connection. As 
a iiuiUer of fact the cerebral hemi- 
spheres have played the part of a 
switchboard, and the two centres 
liavc been put into more or less 
permanent connection with each 
other. It is this intervention of the 
cerebrum which is the essential dis- 
tinction of the conditioned from the 
unconditioned reflex, and it was 
the Tcalization of this fact which opened 
to Pavlov the new vast region of research 
into cerebral function and mental action 
lie has so ably exploited in the past quarter- 
century. 

§ 3 

The Dog as a Simpler Man 

Let us try to realize the implications of 
this conception of the cerebrum as a switch- 
board for the conditioning of reflexes. If 
Mr. Everyman nina through his daily routine 
in his mind and tries to calculate how much 
of it is determined by his own personal 
Circ umstances and experiences, and how 
^^uch of it is inborn, how much is learnt 
fncl how much instinctive, he will get an 
idea of the importance of conditioned reflexes 
*0 his own mental life. But he will probably 
underestinMitc that importance, m will 


be disposed to count many things as un- 
TOnditioned which are in fact coLitioned. 
For example, if little puppies arc taken 
away from their mothers at birth and fed 
on milk, they do not recognize bread or 
meat as food the first time they see it. They 
sniff up to it curiously and taste it experi- 
mentally ; behaviour that contrasts very 
strildngly with the mouth-watering and lip- 
heking of a more experienced dog who sees 
food. Only when they have eaten a sub- 
stance once or twice do they give food- 
reactions at the sight of it. So that the very 
recognition of food depends on conditioned 
reflexes. Modern psychology is revealing 
more and more how responses which seem 
to us to be instinctive and automatic depend 
on events of early childhood, events that the 
passage of years has blotted altogether from 
our memories. 


SIGHT 



HEARING 

Fig. 324. The brain shown in Fig. 323, with some of 
the more important regions of the cerebral cortex indicated. 
Compare Figs. 320 and 321. 


Because of its very importance and multi- 
plicity of detail the thinking machinery of 
the human brain is difficult to analyse. 
Here our remote but sympathetic cousin, 
the dog, is of great help to us. The mind 
of a dog is built on the same plan as ours, 
about as much as its body is built on the 
same plan as ours. But the mind of the 
dog is very much less intricate in detail, 
less fine in its working than the man’s mind. 
In a dog’s mind we can sec many processes 
at work that arc practically identical with 
those wc observe in ourselves, but we see 
them in a simpler, more readily apprehended 
form. There is less danger of confusing 
incidentals with essentials in this simpler 
mind. This is. why these experiments on 
dogs give such valuable indications of the 
nature of our own mental machinery. 

In the matter of speech, for example, wc 
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can discern in the dog’s mind the same 
essential processes that we use when we 
learh a language. The animal can be taught 
that particular combinations of sounds have 
special meanings, and to associate simple 
responses with them. Everybody knows 
that a dog will learn its own name and 
one or two simple commands such as “ heel ” 
or down.” Sometimes one hears of dogs 
which have exceptional ability in this respect. 
A couple of years ago a report appeared 
signed by Drs, Warden and Warner of the 
Department of Psychology at Columbia 
Univereity. It concerned a male German 
shepherd dog called Fellow, owned by 
Mr. Herbert, of Detroit, Michigan, who had 
been at great pains to teach it to respond 
to a number of verbal commands. The 
tests were performed with the master out 
of the room, to exclude any involuntary 
gesture which might convey to the dog what 
was expected of it, and nevertheless it would 
obey such shouted commands as “ turn 
wur head,” “ look up high ” or “ roll over.” 
The psychologists report that “ there would 
seem to be no doubt that scores of associations 
between verbal stimuli and definite responses 
have been well fixated by the patient teach- 
ing of Mr. Herbert during the past .several 
years.” 

The second element in the dog which 
foreshadows our own power of language- 
building is the formation of chains of 
conditioned reflexes — but this is a more 
complicated story. It depends upon the 
fact that one originally neutral stimulus 
can be “ associated ” with another which 
has already acquired a conditioned meaning, 
as the following example from Pavlov’s 
laboratory illustrates. 

A dog is taught by the method described 
above that the clicking of a metronome 
means food ; and now that sound is itself 
enough to evoke typical expectation signs. 
After this state of affairs has been established, 
the following sequence of events is arranged : 
first a large black square appears in front 
of the animal and then it vanishes again. 
Ten seconds later the metronome begins 
to click, and at once the dog salivates and 
licks its lips — but this time no food appears. 
This new sequence is repeated several times, 
being interspersed with the more normal 
procedure of metronome followed by food. 

ultimate result is that the black square 
gets “ associated ” in the dog’s mind with 
the metronome ; it is a signal that fore- 
runs the metronome, and since the latter is 
a food-signal the former becomes a food- 
signal, too. So presently the black square 
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by itself comes to evoke the appditc. 
signs. 

But this is a tricky ^eriment to perform 
If the interval between black square and 
metronome is too short, or if they are 
applied together, a different thing happens • 
the dog discriminates, and comes to respond 
to the metronome by itself but not to the 
metronome heralded by the black square. 
With this complication we shall deal more 
fully shortly. When the experiment is 
successful as we first described, it is evident 
that a conditioned reflex can be built up 
not only on the basis of a natural reflex 
but on the basis of another conditioned 
reflex, too. We can condition a conditioned 
reflex ; we can set up a conditioned reflex 
of the second degree. And we can proceed 
to condition that. In the brain-switchboard 
an arriving impulse may be made to pass 
not merely along a single connection between 
two points but along a whole chain of con- 
nections between different points before 
it is sent down to the lower centres again. 
In this special case of the square and the 
metronome two connections have been made, 
and the impulses sent up from the retina 
when the black square is seen are sent from 
the eye-centres in the brain to the ear-centres 
which would be stimulated by the metro- 
nome, and thence to the areas from which 
fibres run to the salivary and gastric gland, s 
and muscles of lip-licking, tail-wagging, 
and so forth. 

Now this is, in embryo so to speak, what 
we do when we learn a language. At first 
we associate particular noises with particular 
experiences ; these are simple conditioned 
reflex mechanisms. Then we begin to 
build word on word, to learn them not by 
actually experiencing their meaning but by 
description ; and here chains of conditioned 
reflexes are built up and come into play. 
The process is, of course, a vastly compli- 
cated one, enormously more complicated in 
our case than anything a dog can do, and 
the inhibitions that we are about to discuss 
play an important part in it. Nevertheless, 
what happens is fundamentally the same 
thing ; it is no more than an elaboration 
of the cruder, simpler ‘‘ learning ” tluit 
was studied by Pavlov in his dogs. 

So we begin to realize the conditioned 
reflex as the unit of which our ‘higher mental 
activities are built up. When we perforin 
such complicated automatic acts as stand- 
ing erect or walking, we do so as a result of 
the interplay%f a great number of inborn 
reflexes. We might call such an activity 
a symphony of simple reflexes. When v. e 
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think the same sort of thing happens on a 
hi(rh{ r level ; instead of running along the 
inborn nerve-paths in the spinal cord and 
braio-stem, impulses are circulating through 
the labyrinth of tracb that education has 
laid down in the cerebral hemispheres. 
In this sense our thinking is a symphony of 
elal)orately associated conditioned reflexes. 

But how is the actual thinking done? 
When we have equipped ourselves with 
these conditioned reflexes, how do we use 
them ? To this problem we must now turn, 
with our humbler cousin the dog as a simpli- 
fied diagram of ourselves. 

But first a word about the experimental 
methods. 

As a result of the assiduity with which the 
case against vivisection has been put before 
the public, many people have come to think 
that any experiment on a dog is necessarily 
a horrible, agonizing performance. We can 
reassure the reader at once that this at any 
rate does not apply to the experiments that 
we are now considering. Let us note as 
exactly as possible how the animals were 
treated in the ordinary routine experiments, 
so that the humane reader can proceed with 
our brief summary of a brilliant piece of 
pioneer work without any qualms on the 
score of cruelty. 

First, then, if the laws controlling con- 
ditioned reflexes are to be worked out pro- 
perly, it is necessary to study some response 
that can be measured with a reasonable 
degree of accuracy. Then any fluctuations 
in its intensity can be followed. This 
rociuirement is fulfilled by that simple 
response, mouth-watering. All the animals 
used in the work had undergone a minor 
operation, conducted under full anaesthesia 
and with proper surgical precautions for 
the welfare of the patient, in such a way 
that one of the salivary glands discharged on 
the outside of the cheek instead of into the 
mouth. As a dog has several salivary glands, 
this fraction of the secretion could well be 
spared. Recovery was rapid, for a dog is 
more clastic than a man is in this respect, 
and thereafter the animals showed no 
sign of discomfort at their treatment. 

During the experiment, the dogs had to be 
held still. This was done by soft loops 
passing under the arm-pit and groin, in 
such a way that they could stand comfortably 
and shift their position, but could not move 
away. Moreover a little hollow capsule 
was put on the cheek, which communicated 
'hrough a long thin rubber tube with a 
^augc outside me experimental room. The 
saliva from the operated gland was shed 


into the capsule, and its volume could be 
accurately read off on the gauge. This 
apparatus involved an amount of discomfort 
about equal to that produced by a pair of 
spectacles or a well-fitting denture. That 
the experience was not a terrifying one is 
amply evidenced by the fact that several of 
the animals used to run into the rooms of their 
own* accord, and jump up on to the table 
where they stood during the experiment. 
When off duty, they were well cared for. 

The rooms in which the experiments were 
conducted (except in the earliest stages of 
the investigation) were in a specially designed 
building, as sound-proof and smell-proof as 
possible, so that all distracting stimuli were 
avoided. These details may seem tedious, 
but it is because of the rigorous experimental 
methods that the results arc so illuminating. 
Obviously if one is studying the responses of • 
the animal to its environment, the first 
thing to do is to get an environment that 
one can regulate with precision. The 
experimenter himself was outside the room, 
controlling the experiment by means of 
electrical and pneumatic controls. By nieans 
of a peep-hole he could see how the animals 
were behaving, and by means of his gauge 
he could measure their salivary secretion 
with considerable delicacy and almost watch 
the thought-processes going on in their 
brains. 

And now for some of the more important 
results that have emerged, and are still 
emerging, from this almost meticulous 
analysis. 

§ 4 

Inhibition and Control 

The essential idea running through 
Pavlov’s work is that the operations of the 
cerebral hemispheres are controlled by the 
interplay of two antagonistic processes, 
excitation and inhibition. This is not a 
peculiarity of the higher nervous centres. 
All through the nervous system a similar 
antagonism can be traced. 

We noted in Book i that the heart is an 
automatic pump. It will continue to beat 
after its removal from the body if it is pro- 
perly cared for. But in the body its activity 
is controlled. It quickens or slows and thus 
regulates its output to suit the needs of the 
organism. Running down to the heart arc 
two pairs of nerves j one pair is the bearer 
of messages which hurry it up, and the 
other of messages which curb its activity 
and slow it down — the first excite the heart 
while the second inhibit it. One is reminded 
of the dilemma with which poor Launcelot 
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Gobbo was toimented when at one elbow 
the devil pressed him to take to his heels 
nm away from his master, while at 
the other his conscience urged restraint. 
In the sanw way as the heart is controlled, 
the chtiming movements of the stomach 
and bowels can be excited or inhibited by 
appropriate nerves, and the muscle in the 
wlls of the arteriM can be tightendfl or 
slackened.. To the importance of these and 
many other similar adjustments (and to the 
participation therein of internal secretions) 
we gave our attention in Book i . In moments 
of violent exertion the heart and arteries 
are excited, so that the circulation speeds 
up and delivers blood more rapidly and 
at higher pressure, while the digestive organs 
arc inhibited, so that the resources of the 
body can be concentrated on the voluntary 
muscles and nerves. In moments of relaxa- 
tion, on the other hand, the circulation is 
calmed down, while the bowels churn 
Iwppily away. Here we remind ourselves 
that our activitiw are reflected in this delicate 
interplay of excitation and inhibition in our 
chests and bellies because, as we shall shortly 
see, there is a similar interplay in our brains. 

In the very flesh that clothes our limbs and 
bodies the two processes are continually 
active. Our voluntary muscles are always 
braced up and partly contracted in order to 
support the body and maintain its posture 
(except of course when we are limply 
asleep), and whenever a muscle tightens to 
produce a special movement the opposing 
muscles must slacken correspondingly. 
Both thesc^^changes are brought about by 
messages from the central nervous system. 
When we bend the knee, the bending muscles 
and those which straighten out 
the knee-joint arc inhibited. Strychnine 
upsets the nervous system in such a way 
that these compensating inhibitions arc 
turned into excitation ; in strychnine poison- 
ing, whenever a muscle contracts its opponent 
conU'acts too, with the most agonizing con- 
vulsions as the result. 

In the central nervous system, inhibition 
can also be traced. The reflex centres 
can be excite^ or put temporarily out of 
action. As with our muscles this is a vitally 
important fact, for there is always a powerful 
imdercurrcnt of reflex activity flowing 
through the nervous system, and if it were 
not for mutual inhibition the spinal cord 
would be a hopeless chain of jostling, con- 
flicting reflexes. It is because one reflex 
inhibit and temporarily suspend another 
that our organized automatic activity is 
possible. To take a simple example, when 
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a dog bitchy atfaiulus on one sin. .r 

its tr^ it lifts the nearest KicT ' h 

scratches the stimulated spot Also i r ^ 
of the feet h hurt (for insS^ce, 

Ac sting of an i^t) it is reflexly raised 
just as we wo^d automatically withdraw 
our fingers under Ae same circumstai.cer 
Now suppose that while one hind-foot 
hmy scratching, Ae oAcr is suddenly hui 
if both reflexes operated at once the animal 
would .evidently fall down.* But Ais never 
happens. Actually Ac scratch reflex” 
IS inhibited by Ae “ flexion reflex ” of the 
hurt foot, so that Ae scratching leg is put 
to Ae ground to suppqrt the animal as 
the other is raised, even though Ae stimulat- 
ing Itch continues. Tfic more urgent of 
Ae two reflexes has taken precedence over 
the other. All this is inborn and automatic ; 
it does not involve the intervention of the 
brain. 

Imagine what the streets of a great city 
would be like if there were no control over 
the movements of motor vehicles. It is 
because of the policemen at the more con- 
gested corners, now moving the traffic along 
and now holding it up, now exciting and 
now inhibiting the flow, that road-transport 
can take place at all. So with the nervous 
flow and circulation of our body-city. 
Governing and integrating all the more 
mechanical of our activities we have these 
two tendencies— excitation and inhibition. 
Pavlov, already familiarized by his earlier 
work on the control of blood-pressure and 
Ae^ digestive organs with this balance of 
excitation and inhibition, extended the 
idea to the higher centres of the cerebral 
cortex. The conception of a balance in 
nervous impulses is by no means new ; it 
is suggested already in such common ex- 
pressions as “ concentration ** and “ self- 
control.** But it went no further than a 
half-metaphorical statement before Ae work 
of Pavlov. He applied it definitely and 
precisely, as Ae statement of a physiological 
fact. He brought it to Ae test of measure- 
ment in his experimental animals. And 
following it up, his work developed in the 
most surprising and illuminating way. As 
^ instance of the Jiart played by inhibition 
in Ae cerebral cortex, fet us consider what 
he termed Ae “ extinction ** of a conAtioned 
reflex. 

Suppose Aat a conAtioned reflex has 
been established in Ae brain of a dog, 

Aat whenever it hears Ae sound of an electric 
buzzer it showl*Ae usual signs of acpcctatiou 
of food. This is done, as we have already 
seen, by regularly soundins: the buzasier and 
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giving food immccBatdy afterwards. Now 
suppose that die byzster is sounded several 
times in suQcessioii (at intervals of a couple 
of minutes), but without the usual m^. 
At first the dog responds to the sound, but 
gradually the reactions become feebler and 
less definite, until finally, after half-a-dozen 
consecutive disappointments, they cease 
altogether. This is the process of extinc- 
tion! But it is not, he found, a simple 
fading-away or rubbing-out of a trace left 
in the brain ; it is something more compli- 
cated than that. It is not even a permanent 
extinction. If the original conditioned reflex 
was firmly established the extinction is 
found to be merely temporary ; the con- 
ditioned reflex has not been destroyed at all, 
it has only been covered over by something 
else ; two or three days later (or even two 
or tliree hours, in some cases) the buzzer 
will call forth a full expectant response, 
in spite of the previous disappointment. 

Actually, during the extinction, a process 
of active restraint was going on in the 
dog’s brain. One might imagine the animal 
was thinking, Hallo — what’s wrong ? 
The food isn’t turning up as it should — 
better ignore the buzzer for a bit until 
things become normal again.” But to 
do that is, of course, to read more lucidity 
into the animal’s mind than we have any 
right to presume. We shall find it more 
satisfactory to say that the conditioned 
reflex becomes inhibited, much as the move- 
nicnls of the bowels are inhibited when 
oeeasion demands. By counting the drops 
of saliva produced by the animal each time 
the buzzer sounds, the progress of such an 
inhibition can be measured, and a curve 
can be plotted showing its steady intensifica- 
tion. 

But there may be complications. First, 
if, after a conditioned reflex has been thus 
extingubhed and allowed to recover, the 
experiment is repeated, one finds that the 
second time the extinction occurs, it takes 
place more rapidly than the first. What 
took half a dozen 4)uzzings to accomplish 
tnay now take three or four. And a third 
CXI inction will be swifter still. An inhibition, 
therefore, like any other kind of mental 
activity, can be improved by practice. 
Moreover,’ if extinction is accomplished, 
th(‘ buzzings being repeated until there is 
tto response, and then immediately after 
there is a jCntum to the normal procedure— 
\c., a bv&s followed by food — ^it will be 
lound that the conditioned reflex is at once 
restored, and in the future, as in the past, 
buzzing will produce copious salivation. 


Clearly here is a very delicate system of 
adjustment between the organism and its 
circuimtanccs. Its practical value is evident 
enough. Consider a wild dog bom into 
the world with its few, necessary primary 
and unconditioned reflexes and with its 
wide capacity for making associations and 
conditioning these reflexes. Such a dog in 
forming conditioned reflexes learns to antici- 
pate and prepare for the special accidents 
of its individual life. Its behaviour adapts 
itself to the fact that in some special part of 
the forest there is plenty of food, while in 
another there are painful thorns ; that men 
and danger are about at certain seasons or 
at certain times of day and not at others. 
But in a changing world there must obviously 
be some means of revising this knowledge. 
There is no point in haunting a warren 
for rabbits if it becomes deserted, or in 
shunning a human dwelling-place if it has 
ceased to be inhabited. A signal that has 
lost its meaning must not be responded to ; 
it must be taken out of current use ; and it 
is by means of “ extinction,” the inhibition 
of reflexes that no longer “ work,” that the 
guiding collection of conditioned reflexes 
is overhauled and revised. 

And now for another aspect of this same 
tidying-up, adjusting process in the mind. 
Imagine that a fresh dog is taken into the 
laboratory and put into one of the usual 
quiet experimental rooms. From time to 
time a tuning-fork is sounded, and when- 
ever this happens food appears. Soon, as we 
have learnt, it forms a conditioned reflex 
and regards the sound of the tuning-fork 
as a food-signal. But what we have not 
yet discussed is that, other things being 
equal, the stimulus is at first “ generalized.” 
The stimulus is not very precisely appre- 
hended. Any tuning-fork — or, indeed, any 
similar noise — will produce signs of food- 
expectation, and the reaction will be the 
greater the more closely the noise resembles 
the original tuning-fork. But the animal 
can be taught to discriminate more precisely 
between the noises. If a number of different 
notes are sounded pretty frequently, and 
only one of them is followed up with food, 
the others soon cease to evoke any response 
at all. The animal’s brain finds out which 
one of the noises matters. Obviously the 
brain-process here is analogous to the 
extinction of a conditioned reflex, since it 
consists essentially in suppressing the 
responses to those stimuli which, though 
similar, have no consequence of importatice. 
This is another manif^tation of inhibition 
in the cerebral cortex. Qjutc similarly in 
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the equivalent human process, whenever we 
learn that although X has a certain meaning, 
something else rather like it has not, we 
undergo what is at bottom an inhibitory 
process, like these processes that we are 
studying in dogs. 

As another variant of this discriminating 
education, the animal can be taught to 
distinguish between combinations of stimuli. 
For example, it can learn that a whistle 
by itself means food, but that the same 
whistle accompanied by the simultaneous 
flash of a light means nothing. This 
evidently corresponds to our learning that 
what does in a particular set of circum- 
stances will not do if certain added con- 
ditions are present. It may be tempting to 
skate on a frozen pond, but not if a danger- 
board is added to the scene. The same 
fundamental process of selective blotting- 
out is at work. 

An inhibitory process, fundamentally 
identical with the others but having rather 
a different effect, appeared in the so-called 
** delayed conditioned reflexes.” A dog 
has learnt to expect food at some signal 
— say, at the flash of a bright light. I'hen 
the interval between the flash and the feed- 
ing is slowly lengthened, from day to day, 
until it reaches two or three minutes. At 
first the dog begins to salivate and lick its 
lips as soon as the flash appears, but gradually 
it learns to bide its time. When the lesson 
is completely learnt it shows no sign of 
response at all for about a minute and a 
hafr or two minutes after the flash — that is, 
until shortly before the food appears — 
and then it begins to show the usual signs 
of expectation. The pause between the 
flash and the signs of expectation here is 
really a period of suspense, of internal 
conflict ; the flash has produced a tendency 
to respond, but a simultaneous inhibitory 
process has been evoked which holds the 
nerve-centres concerned in check for most 
of the regular interval between signal and 
meal. 

The most obvious human parallel is the 
learning of movements which have to be 
properly timed — such as changing the gears 
of an automobile, or judging the bounce 
of a tennis-ball and striking it at the correct 
moment. 

In the experiments that we have just dis- 
cussed the inhibition concerns conditioned 
reflexes. But even inborn reflexes can be 
inhibi|ed as a result of training. Boxers 
lea^ tp keep their eyes open, even when an 
oppomit's glove jerks towards them, by 
inhibiting the natural protective blink. A 
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striking demonstration of this pov\( r r 
education was given in Pavlov’s laboiatorv 
when a dog was taught to regard an c]( ctrir 
shock as a dinner-gong. At first the shock 
was so weak as to be a barely percc})tible 
tickle, but as the training progressed it 
was stiffened up stage by stage, until an 
astonishing state of affairs was reached 
The application of a surprisingly powerful 
shock produced no sign of pain or displeasure 
not even the quickening of pulse-rate and 
breathing that usually accompanies an un- 
pleasant surprise, but was followed bv 
mouth-watering, tail-wagging and the other 
physical accompaniments of expectant 
appetite. In other dogs a prick of the 
skin, deep enough to draw blood, was 
robbed of its terrors and became an ap- 
parently welcome signal of approaching 
food. We see the same kind of thing in the 
keen cricketer who does not notice the sting 
of the ball he catches, or the medical 
student who overcomes his or her natural 
aversion to dissection. 

These experiments of Pavlov’s show very 
clearly how the reactions of the brain to the 
stimulations that are constantly streaming 
in from the sense-organs are controlled 
by a set of delicately adjusted inhibitory 
processes. One of the most striking pecu- 
liarities of these inhibitions is their extreme 
sensitiveness. They are anything but blunt 
and brutal restraints. I’hey are fragile. 
If, for instance, there is any extraneous 
disturbance during one of these experiments 
(such as the noise of people talking in the 
corridor outside the room, or a faint whiff 
of some strange odour in the air) the inhi' 
bitions are the first things to suffer. 

If the animal so disturbed happens to be 
undergoing an extinction experiment, and 
has already got some reflex partly or wholly 
extinct, this disturbance will upset all 
the newly-acquired restraint. The animal 
may revert to the old responsiveness even 
when its reactions have almost fallen to 
zero. Or if a discrimination experiment is in 
progress the dog will* go back upon the 
discrimination it has learnt and respond to 
the wrong notes or combinations of stimuli 
as well as the right ones. Or a^ain, this 
effect of disturbance in diminishing inhi- 
bition is very clearly shown in the case of a 
“ delayed ” conditioned reflex, in which 
two or three minutes intervene between 
signal and meal. Suppose that 4uring tiffs 
period, in )^hich the animal waits and 
withholds its fc^onse, there is some slight 
distraction, its effect is to produce immediate 
salivation and appetite signs. The pau^e, 
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vNre nave seen, is a period of internal 
^ ggl,, between excitation and inhibition, 
distraction weakens the inhibition 
5Q that the response breaks through. A 
stiong extraneous disturbance, however, 
has til c opposite effect to a moderate one. 
It does not simply extinguish the inhibition. 
It goes deeper. It interrupts the whole 
conditioned reflex, and so abolishes the 
positive response. 

Besides such adventitious distractions as 
noises and stray whiffs, there are physiological 
ones, such as a sore on the skin or a full 
bladder (for Pavlov’s dogs had been trained 
to propriety on this matter, as men arc). 
These also upset the inhibitory side of the 
balance before they disturb the positive 
responses. The name given by Pavlov 
to such an interruption of inhibition, 
whether it springs from external or internal 
causes, is “ disinhibition.” 

These experimental results are evidently 
of the first importance. They are providing 
us with a new language, in which we can 
express all sorts of phenomena of everyday 
mental life in terms of analysable and 
measurable processes. The distracting effect 
of a barrel-organ in the street, the faulty 
timing of a tennis player who is ‘‘ put off his 
game ” by the barracking of the crowd, 
the general irritability and weakening of 
control that a toothache produces — a hundred 
kinds of restlessness and worry can be 
interpreted in terms of disinhibition. 

Perhaps this difference in sensitiveness 
between excitation and inhibition, so that 
inhibition is the first to go, explains the action 
of small doses of alcohol, which elates by 
weakening the restraining processes. It 
has already been shown experimentally 
that caffeine, the essential drug of coffee 
and tea, sways the balance in favour of 
excitation. It thus, but by a different 
method, releases impulses from inhibition 
and extinguishes discriminations. In a dog 
taught that a touch on the pay meant food 
while a touch on the back meant nothing, 
injection of caffeine weakened the differ- 
ential inhibition so that the animal responded 
by salivation to a touch in either place. 

A complicated thing, this thinking brain 
of ours ! We can get a rough, very meta- 
phorical picture of its activity by returning 
to the architectural details which were set 
forth in the last chapter. The fibres which 
stream uj|| to the hemispheres spread out, 
we saw, in such a way that various parts of 
the body arc connected to and represented 
by various parts of the cortex. There is a 
sight-centre, a hearing-centre, a movement- 


centre, and so on, and these main areas 
are more minutely subdivided. We all 
come into the world with a plan of our 
bodies mapped out on our brains in this 
fashion. Over the surface of that plan, while 
we are alive, there is a continual play of 
excitation and inhibition, of activity and 
restraint, like the shimmer of light and shade 
on the underside of a bridge. Some minds, 
we shall note, are naturally brighter than 
others ; they have a preponderance of 
excitatory over inhibitory processes. Others 
are darker, being more reserved and con- 
trolled. But we live and learn, and as we 
do so the first crude plan with which we 
started gets marked and written over. 
As our conditioned reflexes develop, an in- 
tricate network of connecting paths between 
point and point spreads over it, and as we 
inhibit and discriminate a further pattern 
condenses on this web, some groups of cells 
becoming permanently excitatory in tendency 
and some inhibitory, according to the mean- 
ing of the impulses which come along their 
fibrous connections. Pavlov likens the cere- 
bral cortex in this stage to a patchwork, and 
speaks of it as a “ mosaic of functions.” This 
mosaic is the record of our individual lives, 
the form in which our experience and our 
little share of wisdom are engraved. But 
it is a living mosaic. It can be revised and 
altered, its detail can be made finer and more 
precise, as it both guides and is moulded 
by the rippling excitations which run over 
its surface and well up from below. 

Pavlov’s investigations into these two in^tcr- 
acting processes of our brains go much deeper 
than does this descriptive introduction. 
The fundamental empirical laws governing 
their interactions are being worked out, and 
already generalizations are emerging which 
explain many of the known facts. Thus it 
seems (and the cases of inhibition already 
described illustrate the point) that whenever 
an experimental stimulus falls alone on the 
cortex, unsupported by any natural reflex 
such as feeding, it will sooner or later become 
inhibitory. That is an example of the simple 
laws into which our mental processes are 
being translated. But the details of the 
analyses are too complicated to be set forth 
here. 

We may, however, mention very briefly 
the following fact. If any point on the 
cortex is in a state of excitation, its activity 
tends to inhibit the activity of other parts 
of the brain-surface ; and, conversely, an 
area of inhibition tends to create excitation 
and more active response elsewhere. (This 
phenomenon, which is called “ induction,” 
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interacts with and opposes a tendency of 
excitation and inhibition to spread about 
in the brain, from part to part, that we shall 
presently discuss.) In this, the experiments 
point towards an explanation of a number 
of states in which one part of the brain is 
excited and holds others in check — such as 
concentration, attention, and obsession. 

§5 

The World of a Dog 

Besides the light thrown upon our own 
mental processes, this work on conditioned 
reflexes enables us to probe into many 
matters that were once mysteries of the dog- 
mind. It is possible to learn how much this 
animal hears, smells, and feels, and to realize 
how far its world is like our own. Does it 
see things as we see them and hear what we 
hear ? 

The method of study, which developed 
out of the discrimination experiments just 
described, is not difficult to understand. In 
one ^case a dog was taught to expect food 
whenever a black screen was held before it, 
but not when a white screen was similarly 
exposed. After the lesson had been learnt 
and the distinction mastered, a pale grey 
screen was presented instead of the white 
one. This was found to make little difference 
to the animal ; black* was still a food-signal 
and grey had no effect. Day by day, the 
grey screen was made darker and darker, in 
order to find out at what stage the animal 
wojfld begin to confuse the two and mistake 
the gradually darkened grey for a food-signal. 
The result was surprising. It was found that 
the dog had far better powers of distinguish- 
ing shades than the experimenters could 
claim. Ultimately, there were two screens, 
both of which looked black to the human eye, 
but which were obviously perfectly distinct 
to the dog ; one of them produced copious 
salivation whenever it appeared, while the 
other had little or no effect. But in other 
respects the canine eye was found inferior 
to the human. It cannot distinguish shapes 
as clearly as the human eye can, and (when 
they had excluded differences in sheer 
brightness) the investigators were unable 
to get any unequivocal evidence of colour 
vision in their animals. The dog, it would 
seem, looks out on a black-and-white world 
rather like the world that the cinematograph 
presents ; the projector is rather out of 
focus so that the shapes, are blurry, but there 
is a much more delicate appreciation of 
luminous and shadowy patches than we can 
ever experience. 
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When the cxpcr}mcttters turned iheir 
attention to the dog*s hearing they fomd a 
marked superiority to that of humaiiitv 
The animals could distinguish varia lions 
in the loudness and softness of a noiL far 
more deliJhtcly than ^y man, and they 
had a truly wonderful t power of judjriJ 
rhythms ; one of the dogs discriminated 
without difficulty between a metronome 
ticking at one hundred beats to the minute 
and another at ninety-six. Dogs can also 
hear notes which are so high in pitch as to 
be beyond the range of the human ear, as 
Gallon showed many years ago. Equipped 
with a Gallon whistle, you can go for a 
walk, whistle for your dog, and he will 
come running, though neither you nor any 
other human being can hear a sound. 
Pavlov has built up conditioned reflexes on 
the basis of these apparently inaudible notes. 

It would be fascinating to use these 
methods for exploring the canine no.se— 
for our powers of smell arc as nothing 
compared with a dog’s — but, unhappily, 
little has been done in this direction. The 
difficulty in this case is a technical one ; 
the problem of how to generate smells of 
known and constant intensity has yet to he 
solved. 

But these suggestive investigations into 
the world as it appears to a dog arc only a 
side-branch from the main trend of Pavlov’s 
work. Let us return to the study ol’ inhi- 
bition, for it is there that the most illuminating 
hints are found to help in our study of the 
human mind. 

§ 6 

Boredom, Alertness, and Sleep 

While the experiments on inhibition were 
being conducted, it was noticed that the 
animals often became curiously dull and 
drowsy. Perhaps in the early stages ol an 
investigation all had gone briskly and well, 
the dog bei^ alert and mastering its les.sons 
without difficulty ; but when experiments 
were begun which involved considerable 
inhibition — such as the learning of a subtle 
distinction between similar stimuli— the 
drowsiness made its appearance. (Can we 
not remember as a human parallel how 
Master Everyboy is bright and happy at his 
play, how quickly h^ gets drowsy at lus 
lessons, how quickly he wakes up Agfun when 
he is freed, and how suddenly 
when his conditioned or natp||| reflexes 
are corrected parental “ ?) 

Some dogs showed this effect more than 
Others ; one or two bad learners even went 
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j-hi oii to sleep during tije work. This som- 
nolenc( , wc may note, was one of the chief 
obstaclrs to that exploration of the dog-mind 
that just discussed. At first it was 

simpK a nuisance that held up the experi- 
But gradually it gathered an interest 

Another way in which the dogs could be 
made sle^y was by means of unfamiliar 
stimuli. Some unusual noise, let us say, is 
soundt d at fzurly frequent intervals without 
any painful or pleasurable accompaniment 
such as feeding. At first, the dog’s curiosity 
is aroused ; it pricks up its cars and turns its 
head in the mrcction of the new sound. 
But as time after time the novelty is unat- 
tended by exciting consequences the animal 
loses its interest ; the responses get weaker 
and more fleeting until they vanish alto- 
gether. Now this, it is worth noting, is a 
process of inhibition, like the “ extinction ” 
of a conditioned reflex. The pricking up 
of the ears and turning of the head towards 
a sudden sound is an inborn reflex, just 
as is the withdrawal of the hand when it 
toiielies a burning cigarette ; the reader 
has the same reflex as part of his or her make- 
up, and tends to glance automatically in 
the direction of any abrupt, unfamiliar 
noise. A dog whose cerebral hemispheres 
have been removed will do it too. But the 
loss of interest in a persistent and meaningless 
stimulus is a higher phenomenon, an active 
inhibitory process that occurs in the cortex ; 
and the most striking proof of this is that the 
(log without cerebral hemispheres never 
sets used to the interruption but gives a 
vigorous “ curiosity reflex ” time after time, 
no matter how often the meaningless noise is 
repeated. 

do put it in another way, the boredom 
that a tediously reiterated stimulus inflicts 
is a sign of activity in the highest part of the 
hrain. It is a protective device. Were it 
not for this gift of selective indifference, 
the organism would be everlastingly dis- 
tracted by meaningless stimuli and ever- 
lastingly giving the “ curiosity reflex.” It 
is not enough to note what is important; 
one must also ignore what is inessential. 

Another common fact of everyday experi- 
ence fits in here, for, like other forms of 
inhibition, this contempt bred of familiarity 
can be dBinhibited. The dog has ceased 
to be ititeitfted in the experimental noise ; 
but nqiitlllil^is suddenly distracted by some 
furthei*^||R^ty — a photographer’s flash, 
let us will respond again to the old 

stimulus as long as the disturbance produced 

the neyf endut^ in its brain. The reader 


^ probably noticed that when one is 
becomes aware of all sorts 
01 little things— the crepitation of a fire 
the ticking of a clock, the sound of one’s 
own movements which had previously been 
set down in the hemispheres as unimportant. 

But we have strayed somewhat from our 
argument. ^ It was with the sleepiness that 
appeared in inhibition- experiments that 
we were concerned and the reason why this 
particular inhibition of a natural reflex 
interests us now is that it also has a soporific 
effect. The dog, like the reader, gets 
drowsy when it is bored. If the occasional 
noise is continued after the time when it 
ceases to call forth a “ curiosity reflex,” 
and if the other surroundings are quiet, the 
animal fii^t becomes dull and still and then 
falls fast asleep. Even conspicuously alert 
and lively animals can be thus depressed. 
We may note here, as another fact which 
presents an obvious parallel to our own 
species, that puppies are far more easily 
bored to the drowsy stage than grown dogs. 

It was soon made clear that this sleepiness 
was not a simple exhaustion effect. It was 
not that the dogs were tired out by the 
problems presented to them. In all the 
cases that we have described the process 
of getting drowsy, strange though it may seem, 
was an active process just as inhibition is. 
That is a novel result which runs counter to 
our common preconceptions about sleepiness. 
Gradually Pavlov’s investigators became 
more and more convinced that the two 
phenomena, inhibition and sleep, were 
closely related to each other. Sometimes, in 
exceptional instances, they were even inter- 
changeable. There was an animal which 
had been taught to expect food at a particular 
signal. Then the interval between signalling 
and feeding was lengthened by degrees to 
three minutes. In most dogs, as we have 
already seen, the result would be as follows : 
the signal would be recognized, but it would 
initiate an inhibitory process in the brain 
so that there would be no visible response 
for, say, two minutes ; then the mouth- 
watering and other signs of appetite would 
appear. But in this particular animal sleep 
took the place of inhibition. Whenever 
the signal was given the animal went 
promptly to sleep, its eyes shut, its muscles 
relaxed. It even emitted an occasional 
snore. Then, after a couple of minutes, 
it woke up suddenly and gave the usual 
signs of confident anticipation of the coming 
meal. 

The Pavlov investigators have su:cumu- 
lated a wealth of detailed evideiu^e to show 
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that ipkibttiit b a process which spreads, by comparing the results tS a long eric 
It radiates out into the adjacent cortex from of experiments, the spreading out oi thi^ 
its centre of activity. If a conditioned reflex wave of inhibition through the brain c ould 
is extinguished, or if a discrimination is be followed in some detail. It was found that 
applied, the inhibitory process is not confined the inhibitory process weakens as it diiluses 
to the particular cell-groups in the brain that itself, being strongest at i and weakest at 4 
are immediately concerned, but tends to and that it is opposed and finally overcoine 
invade other neighbouring cell-groups, too, by antagonistic forces, so that in a Rw 
and even to diffuse itself widely through the minutes it recedes and is swept back to itv, 
brain. But it has to fight its way. Opposing point of origin. 

this tendency there are antagonistic forces, In other animals events were followed up 
so that the extent to which the spread occurs in other ways. It was found that the ellcct 
and the lime for which it lasts depend on might extend even to quite remote parts of 
the interaction of a number of circumstances, the brain-cortex. After extinguishing a 
A concrete example of the effects observed conditioned reflex to a flashing lamp it was 
will make the idea clearer. Five points possible to detect a slight and fleeting 
were chosen on the hind-leg of a dog and weakening of another to a musical note , so 
given numbers in order from the paw to that the inhibition had spread from the 
the thigh — o, i, 2, 3, and 4 (Fig. 325). sight-centre to the hearing-centre (Fig. 321). 

The neighbouring areas of the 
brain-surface can be affected after 
only a single application of an in- 
hibitory stimulus. But suppose the 
thing repealed, suppose that 011c 
starts a number of consecutive in- 
hibition-waves, what will result 
The spread will be stronger and 
wider, the inhibition of the activat- 
ing forces more and more efibctivc. 
Finally the whole cortex may be 
inhibited and even the lower reflex 
centres concerned with maintaining 
the position of the body may be 
invaded. The animal will then 
become motionless, limp, unrespond- 
ing — in a word, asleep. 

Herein is the answer to a ques- 
Fig. 325. To illustrate the experiment on inhibition tion which has probably arisen 

described in the text, already in the reader’s mind. II 

* inhibition is such an important 

The places i, 2, 3, and 4 were used as process in the active brain, responsible lor 
food-signals, one of them being touched the most delicate adjustments that it performs, 
whenever a meal was impending, and soon how is it that in these experiments inhibition 
the animal responded by signs of appetite so often brings about a drowsy, sluggish state 
to such a stimulus. But the place o was of the animal ? To reply in Pavlov’s own 
differentiated from the rest, and the dog words, “ To my mind all the facts which have 
learnt not to expect anything when touched been given in the preceding lectures dispose 
on the paw. at once of the apparent contradiction. 

This differentiation, like any other dis- Internal inhibition during the alert stat(; 
crimination, depended on inhibitory pro- is nothing but a scattered sleep, sleep ot 
cesses in the dog’s brain. Now suppose that separate groups of cellular structures ; and 
0 was touched, and immediately afterwards sleep itself is nothing but internal inhibition 
one of the other places, what happened ? which is widely irradiated, extending over 
Touching o set up an inhibition ; and it was the whole mass of the hemispheres, and 
found that the second touch, on one of the involving the lower centres of the brain as 
positive places, did not bring about such a- well.” ^ 

marked response as usual. The inhibition Inhibition is sleep controlled awibcalized. 
had spread in the cortex from the cells Sleep is inhilSkion at large. Under th : 
connected with the paw to the neighbouring arti&ial conditions of the experiments tl^ 
cells connected with the leg. Moreover, dogs were subjected to exceptionally unifor# 
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.nrroundit'gs, to a disliber^^y simpHfied 
„vironn.. ni, for repons that we have 
Iready noied, and there were leas stimuli 
than usual to keep their brains busy. 
Accordingly the excitatory procases, which 
normally prevail against inhibition, were 
lessened. The balance between inWbition 
and excitation was upset ; the former got 
out of hand and spread itself over the brain 
much farther than it would in the normal 
varied doggy life. 

This identity is one of the most suggestive 
ideas that has emerged from Pavlov’s 
uork, for it seems to foreshadow an analysis 
of all sorts of subtle fluctuations in the vigour 
and acuteness of our minds. Mr. Everyman 
probably imagines that he divides his 
twenty-four hours between wakefulness and 
sleep, but in fact, as these investigations 
demonstrate, he is never completely awake. 
There are always bits of his brain that are 
calmly slumbering. Whenever he decides 
not to perform and defers some natural 
act, and so inhibits a conditioned or uncon- 
ditioned reflex, he is literally putting a part 
of himself to sleep, so that in a sense sleep 
is a necessary and integral part of his waking 
activity. Conversely, when most of him 
sleeps, little bits of his brain may stay awake. 
Let him note as an illustration how his 
sleeping wife, although she cannot be roused 
by a host of accidental noises, may wake up 
at once at the feeble cry of her sick child. 
Sleep is everlastingly ebbing and flowing 
in the brain. With the coming of night 
I wells up, with the coming of day it recedes, 
)ut only in very rare moments, if at all, 
loes it drain away altogether from tlie 
icrnispheres. 


cortex are Mleep, but lhe*iower reflex 
centres vfluch keep the body erect ind 
ba anced (Book i, Chap. 3, 86^) are still i,l 
lull activity. 

Or tht inhibition may be even more local 
and affect a part only of the cortex. Some- 
times the dog is immobiUzed as far as its 
rnuscles are concerned, but still in control 
of Its glands. Then a strange spectacle 
may be witnessed by peering in through the 
window of the experimental-room. The 
dog stands “ entranced ” ; presently a 
metronome begins to click (or whatever 
conditioned stimulus has, been used for the 
particular animal is brought into action) and 
at once there is copious salivation — but 
without the slightest sign of any movement 
to interrupt the fixed poise of the “ trance.” 

These experiments throw light on that 
puzzling department of human psychology, 
hypnotism. One of the first expressions of 
hypnosis is the cataleptic state ” — a state 
of immobility in which voluntary control is 
lost, but the power of balancing and holding 
up the body retained. Evidently this corres- 
ponds to the partial sleep of the brain that 
is sometimes seen in dogs. The subject, 
like a dog, may have part of his cortex 
awake and part inhibited ; being unable 
to control his limbs and remaining in any 
position in which he is put, but all the while 
fully realizing his own helplessness. As a 
further parallel between dog and man we 
may note how closely the passes and reiter- 
ated formulae with which the hypnotist 
“ puts his subjects under ” resemble the 
monotonously repeated stimulus which was 
found to be so powerful an initiator of 
inhibition in the animals. 


The Dog Hypnotized 

And now we turn to certain strange half- 
ay states between sleeping and waking 
lat occasionally appeared during the experi- 
if^uts. In rare cases, the dog would sink 
ito a “ trance ” ; it would stand in an 
rect, alert posture but perfectly motionless, 
«netimes for minutes, sometimes for hours. 
1 this condition there was no sign of the 
nipness that accompanies true sleep, but 
arc was also no sign of active control, 
the limbs were moved into a new position 
the experimenter the animal would 
J^tay put ” in the new attitude. 

Lhe co]fl|lition is apparently intermediate 
■tween the strictly localized inhibition 
( normal activity and the complete diffusion 
sleep. All tne control centres in the 


Throughout the animal kingdom, even 
in invertebrates, similar phenomena can 
be traced. If a crayfish is held in one hand 
and stroked somewhat firmly along the back 
of its carapace, from tail to face, it will pass 
into a cataleptic state, which bears a sug- 
gestive resemblance to that seen in dogs or 
men. It becomes motionless and its muscles 
have a stiffness that has been compared 
to the stiffness of wax. In this state it can 
be put into the most grotesque attitudes, 
and will hold them until the inhibition 
passes off. Frogs can be thrown into the 
same condition by stroking, or by holding 
them between the two flat hands so that they 
cannot move, and then suddenly turning 
them on to their backs. Indeed, a great 
variety of creatures can be similarly im- 
mobilized — goats and pi^, ducks and hens, 
crabs and water-scorpions. The Indian 
snake-charmer knows that if a cobra is 
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suddenly bcWnd the head and 

pressed on^lp jbajck of the head when it is in 
the ** threatening attitude ” it becomes 
catalimtic and wax-like ; it would seem 
(Exodus VII) that these facts were known to 
Aaron and to Pharaoh’s sorcerers. 

In many cases these curious tricks bring 
no b<meht that we can sec to the animal 
in which they appear. They may be looked 
upon as an accidental result of the way 
in which its nervous system works. A 
sudden strange stimulus falling on the cortex 
will temporarily inhibit its other activities — 
in more familiar words, the creature con- 
centrates its attention to the new event. 
And so, as we have seen, a monotonous, 
meaningless stimulus is inhibitory too. Both 
these kinds of inhibition, normally controlled 
and purposive, may under artificial con- 
ditions become exaggerated and lead to 
complete immobilization of the organism. 

But there are special cases in which the 
same tendency has been built upon and 
utilized. Variation and natural selection 
between them stretched the neck of the 
giraffe and the little finger of the pterodactyl 
to astonishing proportions ; they seized 
on the accidental fact that when muscles or 
glands work they produce slight electric 
currents, and built from that the powerful 
batteries of the electric eel and the torpedo. 
So with these obscure nervous processes. 

It is well known that many kinds of spiders 
and insects will sham dead ” if they are 
alarmed, Incoming stiff and motionless ; 
and the s^me thing can be seen when a 
speckled fawn cowers fiat on the ground, or 
when we startle a nestling ring-plover (a 
bird which nests on the ground) and it 
flattens itself out and becomes all but 
invisible. Here^the stimulus that frightens 
the creature sets up an inhibition which is 
allowed to sweep through the brain ; as 
a result the creature becomes paralysed 
and motionless, and therefore inconspicuous. 

Perhaps the most striking case of all is 
that of the stick-insect Dixippus morosusy which 
prowk about by night, but falls at once into 
a rigid catalepsy whenever it is illuminated. 
It spends the day thus hypnotized, and its 
stillness conspires with its admirable pro- 
tective architecture to mer^e it with the twigs 
on which it lives. In this state it can be 
put into strange attitudes, and will hold them, 
just like a hypnotized man. And just as hyp- 
nosis is in ourselves a phenomenon that 
happens in the highest parts of the brain, 
so with these insects ; a Dixippus whosc^ 
brain ganglion has beert removed will* 
prowl restlessly and aimlessly around, and 
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never show any si^ of " ^hatoming d< id ” 
even when brightly fflunsinated, touched or 
jarred. 

Thus, under a variety of strange apjx ar- 
anccs, we trace this process of inhibition, 
spread. In a ^ider shamming dead, in 
the sudden stiffening and insensibility to 
surrounding thin^ of a man struck by an 
idea, in the docility of a charmed serpi nt 
we can see the same process at work, now 
as a mere curious accident and now tinni d 
to this end or that. Like die molecules 
of a crystallizing salt the facts arrange them- 
selves, and the science of the mind takes 
form. 

Naturally, Pavlov does not claim that his 
experiments explain all the phenomena 
of hypnotism. They simply show how the 
onset of the hypnotic state can be interpreted. 
Such facts as suggestion, which involves the 
use of lan^agc, are untouched. But it 
is worth noting that Pavlov has put forward 
a theory of suggestion (although to give an 
account of it here would itivolvc a deeper 
and more technical analysis of the funda- 
mental properties of excitation and inhi- 
bition than we can embark upon) and 
declares in his. latest book, “ I hope to he 
able to produce a phenomenon in animals 
analogous to ‘ suggestion ’ in man during 
hypnosis.” 

Other interesting phenomena were ob- 
served while the dogs were waking up and 
the flood of inhibition in their brain \\as 
receding and localizing itself. There was, 
for example, a “ paradoxical phase,” whc'n 
all the reactions of the animal seemed to he 
upside-down. Stimuli which usually pro- 
duced very weak conditioned reflexes now 
acted very strongly, while stimuli which 
were powerful had no effect. The retreat 
of the inhibition was not a simple ebb : 
a release here meant a passing intensification 
there. We cannot go into detaUs with the 
space at our disposal. We may, however, 
ause and point a moral. Wc have seen 
ow the deliberately simplified conditions 
to which the animak were subjected led 
to an unusual extension of the inhibitory 
processes in their brains, and what peculiar 
results this spreading produced in several 
cases. Put a dog— or a man, for that 
matter— into a darkened room, with strange 
and unfamiliar and, on the whole, meaning- 
less things going on, and heaven knows what 
dkturbances of the normal mental balance 
may not take place in hk 
This is a hiat^^with various iinplications ; 
we commend it especially to amateurs in 
spiritualistic science. 
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§8 

Temperament in Dogs 

Filially, the do^ were not simple infallible 
fuac] lines but liv^ thinra ; they had their 
^vcaknrsses and individual peculiarities; 
and licre also the experiments proved sug- 
gesti\ e from the human point of view. 

It was found that in the presence of too 
diflKidt problems the normal relations 
bftwren excitation and inhibition could be 
upset. Thus in one case experiments were 
bcins made to see how clearly a dog could 
distine^uish shapes. The method was like 
that of the grey and black squares (§ 5). 
Fii^t a conditioned reflex was built up by 
heralding the food with a luminous circle, 
projected on to a screen in front of the 
animal by means of a lantern. Then a 
rather flat ellipse was similarly projected, 
hut without feeing ; and soon the animal 
l(<irnt that the circle meant food while 
the ellipse did not. When this had been 
[lone, the shape of the ellipse was gradually 
[titered, and it became more and more 
nrcular from day to day, in order to find 
!)ut at what point the dog would begin to 
mnfuse the two shapes. 

Suddenly, when the limit was nearly 
reached — the ellipse being about eight- 
tint Its as broad as it was long — the behaviour 
tf (he dog changed. It became very 
'\ci table, and struggled and yelped in its 
•land ; its inhibitions disappeared, and it 
(live; positive responses even to the first 
ind flattest ellipse. Even outside the experi- 
nental room it remained nervous and 
rri table. , The problem had been too much 
or it. So the experimenters started again 
vith the first ellipse and the circle, and re- 
aught the old differentiation ; and as this 
vas done the animal recovered from its 
lervous trouble and became quieter and 
norc tractable. Then, even more slowly 
han before they began to work up to rounder 
nd rounder ellipses. But as before, and at 
he same point, there was a breakdown when 
he problem became too difficult. 

A number of other experiments were 
aade of this kind, in which neurotic dis- 
url)ances were produced by a difficult 
collision ” between excitation and inhibi- 
fon. In ariothcr case the animal had learnt 
^ discriminate between two different rates 
^ j hythtnic touching of the skin, one being 
^hibitory and the other excitatory; then 
was found that if one rhythm followed 
imiediatdy after the other without any 
^icrval the machinery of the brain gave 
- y. Qr^ in aniinals wdi weak ” nervous 
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systems, experiments in which powerful 
natural reflexes were inhibited had similar 
results. 

Very powerful strange stimuli could also 
produce neuroses. The reader who wishes 
to follow this matter up will find in either 
of Pavlov’s books ^ a full account of the 
behaviour of a dog upset by a great flood 
which swept through Leningrad in 1924, 
and in which the animak were nearly 
drowned. 

The most interesting thing about these 
results is that the nervous breakdowns thus 
produced — ^which were often serious, and 
might last for months — were of two main 
types. In some animals the conflict pro- 
duced a great predominance of excitation 
over inhibition — the example just quoted is 
one of these ; in severe cases the hyper- 
excitability was even more marked, and 
all of the inhibitory processes in the brain 
were weakened or destroyed by the clash 
of experimental circumstance. But in other 
animals the same kind of conflict unbalanced 
the mind in the opposite direction — i.e. 
in favour of inhibition. First of all the con- 
ditioned reflexes disappeared ; then after 
a long time they slowly recovered, but in 
so doing they passed through various 
“ paradoxical ” stages, like those seen in 
hypnotic states, when originally weak stimuli 
acted strongly and originally strong ones 
were weak. But each stage lasted in this 
case for several days. 

It is obvious that these disturbances 
present a parallel to the nervous breakdowns 
or minor nervous troubles that we ourselves 
may experience as a result of shock, worry, 
overwork, or internal conflict. The human 
cases are discussed more fully later. Pavlov 
likens his two types of breakdown, in which 
excitation and inhibition predominate, to 
neurasthenia and hysteria respectively. It 
is interesting to note that he succeeded in 
curing one or two cases of the first condition 
by means of bromides, which, he believes 
in some way assist the inhibitory processes, 
and that, as with ourselves, a period of 
rest with gentle stimulations only, always 
proved beneficial. 

In severe cases the disturbances were 
serious illnesses, demanding special treat- 

‘ Pavlov’s work is available, in English in two books 
— Cmditiorud Reflexes, published by the Oxford Univer- 
sity Press, and Lectures on Conditioned Reflexes, published 
by Martin Lawrence. The first is a mtematic 
presentation of the whole field and it is written in a 
compressed, rather difficult style. The second is a 
collection of lectures, with a personal account of 
Pavlov. Both are for the serious reader only ; they 
are not light reading. 
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mcnt of this kind. But, as one would expect 
from the human analogy, they vary in 
intensity from case to case, and grade by 
intermediate stages into slight everyday 
fluctuations in irritability and inhibitability. 

Some dogs proved weaker, more easily 
upset than their fellows. Corresponding 
to the two types of nervous breakdown, 
two tendencies were visible in the normal 
animals. We have seen in the active, pro- 
perly adjusted brain a balance between 
excitation and inhibition ; in some animals 
the scales are congenitally weighted in favour 
of one or the other. At one extreme was the 
excitable animal, in which positive con- 
ditioned reflexes could be established readily 
enough, but inhibitions (e.g. in discrimina- 
tion experiments) with difficulty, if at all. 
Such an animal would be naturally confident, 
inaccurate, and aggressive, and might easily 
lose control when punished even by a well- 
known master. At the other extreme was the 
inhibitable animal, in which positive reflexes 
were hard to establish and easily disturbed 
by distracting stimuli, but in which the 
inhibitions were strong and ready. This 
kind of dog is cowardly in general behaviour 
— shrinking and tucking in its tail at any 
loud word or sharp gesture. 

Between the two are more balanced 
animals ; but even here an excitable group 
and an inhibitable one can be distinguished. 
The dogs of the first are lively and curious, 
running and sniffing about, almost impossible 
to keep in order ; those of the second 
are stolid, reserved, sedate. . Paradoxically 


enough, it was the first type which was .nost 
readfly sent to sleep by the monoton\ of 
the experimental room ; apparently the 
lively animal needs^ plenty of stimulation 
to keep it going. 

Pavlov compares his grouping of dogs 
with the age-old Hippocratic classification 
of human temperaments. The extreme 
types arc choleric and melancholic ; the 
central types sanguine and phlegmatic. 
It seems at least that his analysis has the 
merit of simplicity ; it puts the main facts 
in order and states them in terms of measur- 
able processes, even if there are many com- 
plicating subtleties that for the present at 
least it leaves unexplained. 

But here our account of the dog-mind 
must end. In 1930 the investigation has 
been going on for less than thirty years ; 
and we have summarized the main facts 
already brought to light. Who can guess 
what facts and laws will not be added if it 
continues with the same vigour for anothei 
thirty? We have seen the dog-mind a.s a 
very much simpler, more elementary mind 
than ours, but one with the same liasal 
processes at work in it. Most of the threads 
of which our daily mental life is woven— 
learning and inhibiting, waking and sleep- 
ing, alertness and drowsiness, temperamental 
fluctuations, and even the mysterious disturb- 
ances commonly spoken of as “ nerves ’ — 
appear in a more diagrammatic, more readily 
analysable form in this less elaborate brain. 

Let us turn now to the much more difficult 
problems that we ourselves present. 
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§ t 

Human Behaviourism 

P ARALLEL with this mainly Russian 
work on the behaviour of the dog, to 
whicli we have devoted the last chapter, 
ihorc has gone on a considerable amount 
of American research, which can be ex- 
plained most conveniently and lucidly here 
in direct sequence to the account of Pavlov’s 
work. Its leader has been Dr. J. B. Watson, 
and he has a very considerable following, 
rspecially in America. 

At the outset, it may be well to anticipate 
a possible confusion about the word Be- 
haviourism. As used by Watson and his 
disciples, it has a double meaning ; it 
d(Miotes not merely a method of work but 
a theory of mental realities. In its narrower 
sense, Behaviourism signifies the study of 
behaviour — plant, animal, or human ; in 
a strictly objective way, by the same methods 
as are used in such sciences as chemistry 
or physiology — the observation, comparison, 
and measurement of physical facts. In that 
sense it is used by both Pavlov and Watson. 
Hut the school of Watson makes Behaviour- 
ism more than a method ; it makes it an 
exclusive ** doctrine.” The American Be- 
haviourists tell us that the study of con- 
iciousness or mind, as distinguished from 
)rain, has no place in science. They go 
;ven further and deny the very existence 
)f conscious processes. If they allow con- 
ciousness to exist, it is without processes of 
ts own. Hardly do they tolerate the passive- 
iiirror idea. 

We will quote from Dr. Watson himself, 
dere is one passage : “ According to the 
opinion of many scientific men to-day, 
>sychology, even to exist longer, not to 
[leak of becoming a true natural science, 

> lust bury subjective subject-matter, intro- 
pective method and present terminology, 
onsciousness, with its structural units, 
tie irreducible sensations (and their ghosts, 


the images), and the affective tones, and its 
processes, attention, perception, conception, 
is but an indefinable phrase.” Or again : 
“ Whether there are ten irreducible sensa- 
tions or a hundred thousand (even granting 
their existence), whether there arc two 
affective tones or fifty, matters not one 
whit to that organized body of world-wide 
data we call Science.” Or finally : “If 
Behaviourism is ever to stand for anything, 
it must make a clean break with the whole 
concept of consciousness. Such a clean 
break is possible only because the meta- 
physical premises of Behaviourism are 
different from those of structural psychology.” 

We have in the Fourth Chapter of this 
Book given our reasons for adopting a 
different attitude. If consciousness exists, 
it is, we hold, as worthy of scientific study 
as any other phenomenon. It is as legitimate 
to use subjective evidence as objective and 
to deal with subjective and objective realities 
on a common monistic footing. But our 
disagreement with Behaviourist philosophy 
has nothing to do with our attitude to Be- 
haviourist method. That method, we agree 
with Watson, has remarkable virtues, and 
we differ from him with respect. Behaviour- 
ism permits of an accuracy of measurement, 
a scientific standardization and comparison 
of results impossible by any method whieJf 
trusts solely or mainly to introspection and 
description. 

Watson’s most interesting ai\d suggestive 
experiments have been concerned with the 
“ conditioning ” and “ dc-conditioning ” of 
children’s reactions. He has shown that 
the human species is so poor as to be almost 
destitute of the sharply-defined “ pattern- 
instincts ” of so many lower animals, in 
which particular situations evoke particular 
kinds 01 behaviour with as much definiteness 
as response follows stimulus in a reflex action. 
We have already described such instincts 
in ants and bees and other insects. We have 
told how there arc solitary wasps which 
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will attack only one special kind of prey ; 
insects that will starve to death on any 
plant but their usual habitat, not because 
It is unwholesome to them, but because 
they have only the instinct to eat one par- 
ticular kind ; ants which have the instinct 
to make fungus-gardens ; and so forth. 
Birds are similarly equipped, and for a 
long time, while great reptiles dominated 
the earth, this was the direction which verte- 
brate behaviour took as it elaborated and 
improved itself. Even such a close relative 
of man as the cat has instinctive reactions 
towards mice. Take a kitten a few weeks 
old, that has been brought up away from all 
other cats and fed solely on milk, and put 
it and a mouse together in a box ; it will 
show all the signs of feline hunting excite- 
ment, growling and bristling, and will try 
to catch and kill its natural prey. But this 
sort of thing is less well seen in kittens than 
in birds, for mammals tried a unique mental 
experiment as they evolved ; they made for 
individual adaptability, and therefore cleared 
the mind as far as possible of fixed reaction- 
systems. In man it seems there is scarcely 
anything of the sort. He starts with no such 
equipment of directive dispositions. 

The new-born infant will suck, and it 
will grasp and hold on to a finger or stick ; 
and it will show signs of fear if support is 
suddenly taken away from it and it feels 
itself dropping. In addition to this it 
manifests a very distinct fear reaction at 
loud noises, but it has no other specific 
fears at all. No other avoidances, and no 
other impulses but this simple grasping 
and suction. Careful experiments show 
that babies have no instinctive fear of par- 
ticular kinds or sizes of animals. A fivc- 
and-a-half months infant was tested with 
a black cat, a pigeon, a rabbit, a white rat, 
and a large dog ; the smaller creatures 
ahe tried to get hold of, the dog she looked 
%t with unafraid interest. When taken to 
the Zoo a week or so later, she showed no 
fear when brought quite close to camels, 
bears, zebras, ostriches, nor even when a 
monkey made threatening gestures through 
the wires, Similar tests on a seven-and-a- 
half months child gave the same result. 
In the same way, it can be shown that babies 
have no fear of flame. Nor is there any 
specific instinct for catching any particular 
kind of animal, as with the Idtten. 

The child has to learn what to avoid and 
what to be afraid of. It begins by a positive 
grasping and mouthing reflex to almost 
cverythmg Aat is presented to it. It reaches 
out, grabs it, manipulates it, and brings it 
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up to its mouth. If these positive reac (ions 
lead to a painful result, a selective inhiLiiion 
will be set up. 

Sometimes it takes a long time to rdcct 
this. A five months baby, for insL iue 
which was tested by Watson, reached for 
a lighted candle and followed it about with 
her eyes. If allowed to put her fingers in 
the flame, the hand was r^exly withdrawn ; 
and the withdrawal was quick enoiigli to 
save the child from pain, for she did not 
cry. If the fingers almost but not (|uite 
touched the flame, they were bent, but the 
whole hand was not snatched away. On tlic 
first occasion, the baby was tested twenty- 
five times, the painful stimulus being usually 
enough to cause this finger-bending, and 
two or three times enough for the hand to 
be pulled away. One week, and again 
two weeks later, the experiment was repeated. 
On neither occasion was there any iiolire- 
able inhibition of the impulse to reach for 
the flame. On the fourth trial, a further 
fortnight later, the reflex had begun to l)c 
modified ; the baby, now six months old, 
sometimes checked her hand half-way to 
the candle, sometimes would not reach at 
all but sucked her fingers instead. But 
sometimes she still reacted as positively as 
at the beginning. Six weeks later, howcvei, 
she only reached out once in the primitive 
unconditioned way ; and after this the 
reaction became habitually negative. 

In this series, about a hundred and fitu 
stimuli, slightly or moderately painful, 
were needed to inhibit the original seizing 
reflex, though doubtless if the experimenters 
had been willing to let the child burn itself 
more severely, fewer trials would have been 
needed. As we have already mentioned, 
the human infant is instinctively afraid of 
nothing but loud noises and loss of supi^ort. 
But by utilizing this innate unconditioned 
reflex, it can be made afraid of any object 
you like. Watson, for instance, showed a 
baby a furry toy animal, and at the same 
moment his assistant made a loud noise 
by hitting a steel bar out of the baby’s 
sight. After this had been repeated three 
or four tim^, the baby had acquired a 
conditioned rtflex in the same way as did 
Pavlovas dogs ; on seeing the toy amma , 
it showed “ conditioned fear,’* even though 
no noise was made, and from now c)a Jt 
was afraid of the animal. What was more, 
it did not differentiate the toy clearly irom 
other similar ^^ccts ; as with Pavlovs 
dogs, any stimmul resembling the conditioned 
stimulus worked, and the baby was frightened 
of other toy animals of abqut the same size, 
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and things like a scsd-skin coat which shared 
the pioperty of funincss. The conditioning 
had put a widespread twist into its mental 

structure. 

Bui such impulses can be de-conditioned, 
and the fear again taken out of the objects 
into which the conditioning experiment put 
it. Watson, for instance, gave one child of 
eighteen months a conditioned fear of a 
bowl of goldfish.^ The goldfish had been 
associatad with painful stimuli, and whenever 
the child saw the bowl, it said “ bite ” 
and refused to come within a couple of 
yards of it. But we will let Dr. Watson tell 
his own story. 

“ If I lift him by force and place him in 
front of the bowl, he cries and tries to break 
away and run. No psycho-analyst, no 
matter how skilful, can remove this fear by 
analysis. No advocate of reasoning can 
remove it by telling the child all about 
beautiful fishes, how they move and live 
and have their being. As long as the fish 
js not present, you can by this verbal organi- 
zation get the child to say : ‘Nice fish, 
fish won’t bite ’ ; but show him the fish, 
and the old reaction returns. .Try another 
method. Let his brother, aged four, who 
has no fear of fish, come up to the bowl, 
and put his hand in the bowl and catch 
the fisl). No amount of watching a fearless 
child play with these harmless animals will 
remove the fear from the toddler. Try 
shaming him, making a scapegoat of him. 
Your methods are equally futile. Let us 
try, however, this simple method. Get 
a titble ten or twelve feet long. At one end 
oi' the table, place the child at meal-time, 
ino\'e the fish bowl to the extreme other 
end of the table and cover it. Just as soon 
as tlie meal is placed in front of him, remove 
the cover from the bowl. If disturbance 
occurs, extend your table and move the 
howl still farther away, so far that no dis- 
turbance occurs. Eating takes place nor- 
iTially, nor is digestion interfered with. The 
next day, repeat the procedure, but move 
the bowl a little nearer. In four or five 
su( h sessions, the bowl can be brought close 
to the f(^d tray without causing the slightest 
bit of disturbance.” 

by continuing this process of substitudng 
^ pleasant conditioning stimulus for an 
unpleasant one, the identical object was 
finally changed from a source of irrational 

tr to agreeable reminder of dinner- 
time. This is in entire harmony with Pavlov’s 
Work. 

The learning and unlearning of reflexes 
CTTi go on equally well in adult human life, 


jjist as we have seen it go on in the case of' 
dogs. Ev^one who has been in the reptile 
ouse^ at the Zoo knows how the spectators 
will jump back and blink every time a 
snake strikes in their direction, even though 
there is a stout bit of plate glass between 
them. This blinking and starting back is an 
automatic reflex defcncc-mcchanism. But it 
can be inhibited. An apparatus was rigged 
up in which a heavy wooden hammer, 
faced with rubber, could be made to hit 
a piece of plate-glass just in front of a 
man’s face. At first blinking and shrinking 
occurred at almost every stroke of the 
hammer. Later, as nothing happened to 
hurt him, the reflex was more and more 
thoroughly inhibited. In a series of trials, 
each of which comprised 400 blows of the 
hammer, one subject raised the percentage 
of times in which he refrained from blinking 
thus : one per cent, three, nine, sixteen, 
sixty-seven, eighty-eight per cent. This 
recalls the fading away of the dog’s secretion 
of saliva when a stimulus which usually 
brought feeding in its train was repeated 
over and over again without any food after it. 

Watson and his school have made a real 
contribution to psychology in showing how 
plastic the mind of the child is, and what a 
huge part conditioning plays in the building 
up of much human behaviour that looks 
at the first glance simple, characteristic, 
and instinctive. The human mind, they 
have demonstrated, is a mass of acquisitions 
and has a smaller proportion of innate 
dispositions than that of any other creature. 
But they have asserted this with a strange 
lack of balance. They have over-asserted 
it. Because human minds are built up, 
so to speak, upon a practically blank sheet 
by an accumulation of conditioned reflexes, 
they have run on to the absurdity that any 
system of conditioned reflexes can be built 
up in any infant. They have leapt on to 
the assumption that every human bei|||< 
starts with the same blank sheet of the same 
texture and capacity for receiving and carry- 
ing impressions. They deny that heredity 
counts for anything in determining personal 
quality. 

In Watson’s own words ; “ The Behaviour- 
ist no longer finds support for . . , special 
abilities which arc supposed to run in families. 
He believes that, given the relatively simple 
list of cmbryological responses, which arc 
fairly uniform in infants, he can build 
(granting that environment can be con- 
trolled) any infant along any specific line 
— ^into rich man, poor man, beggarman, 
thief.” He can, in fact, train the offspring 
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But this is manifestly absurd. It is only 
the romantic doctrine of Rouwcau and the 
believers in human perfectibility brought 
up to date. Because environment is im- 
portant in making men of different sorts it 
does not follow that heredity is unimportant 
or less important. Pavlov gives no counten- 
ance to this extraordinary heresy. The 
distinctive quality of the nervous tissue, the 
area of the grey matter, and the precision 
of the sense-organs, must all play their part 
in assisting or impeding the task of the 
educator. 

We point this out as plainly as possible 
here. These really very wild exaggerations 
that Dr. Watson has imposed upon his other- 
wise valuable results have had a widespread 
diffusion, more especially in America, and 
they may be applied and are being applied 
very mischievously to condone the careless 
breeding of inferior and defective social types. 

§ 2 

The Mind as the Thing That Knows 

In spite of the dogmatic prohibitions of 
the American school of Behaviourists we 
shall now begin to look inward. In what 
follows, the reader will find we are introduc- 
ing a considerable amount of introspection. 
We shall call in the evidence of subjective 
impressions, evidence subject to many risks 
that objective observation escapes and 
evidence we can check only by comparison 
with what other people choose to tell us 
about their interior worlds. In the earlier 
Chapters of this Book we have studied 
behaviour as objectively as possible in relation 
to the developing brain. Now we are turn- 
ing about, so to speak, and looking at the 
same activities from within. We are entering 
upon psychology properly so called, which 
Hr. Watson insists is no science at all. 

It has to be admitted that so far as psy- 
chology has been purely introspective it 
has been a very barren and unprogressive 
study. It has associated itself with meta- 
physical and philosophical discussions. It 
nas ar^ysed and over-analysed mental 
process^ ; it allowed itself to be brought 
into relation with the realities of hypnotism, 
of nervous physiology and mental disorder, 
only very reluctantly and protestingly. It 
is aifficult to the point of impossibility to 
say where psychology ends and where physi- 
olo^ begins. What is the subject of psy- 
chmogy ? Consciousness ; the thing that 
knows and feels. Is it also the thing that 
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diinks? Tit say No 

Is it the thing that Wills and sets outei im 
pulses going? We arc back again ai the 
insoluble duality we discussed in Chapter 4 
The mind I possess, and into which i 
look, and which is, I gather from informa- 
tion and observation, not profoundly dis- 
similar to the minds of other people, presents 
itself to me as an active process of wiiich 
strangely enough, I can recall no beginning • 
an active process which undergoes intcr^ 
missions of which I am only subsequently 
aware, such as sleep, insensibility, and for- 
getfulness. By noting the development and 
action of other minds I conclude that my 
mind is the outcome of a process of synthesis, 
elaboration and, at last, remembrance’ 
giving continuity to the transitory feelings 
and responses of myself as a baby, and that 
at the end of all its activities and inter- 
missions comes a final intermission that, for 
all I know, may lengthen out into an endless 
cessation, death. That for other people may 
be the end of my mind, but manifestly my 
mind can never know of my final cessation. 
My mind thus viewed by itself is a very 
paradoxical thing indeed, without cither a 
definite beginning or any end that 1 shall 
ever perceive, and yet with an effect of 
continuing process. 

In its higher phases my mind is either 
apprehending vividly or thinking. Or it 
is giving a direction to a flow of will. 1 
may be resolving to do something or actually 
doing it. To me all these processes have 
an immediacy and a simplicity that only 
the most elaborate analysis will persuade 
me is a false simplicity. I cannot at the 
same time perceive anything as what it is 
and simultaneously carry all its analysed 
factors in my consciousness. 

I sit at my dinner-table reflecting upon 
this section, and incidentally and almost 
heedlessly take and eat an orange. That 
seems to me a perfectly siinple thing to do, 
but yet hear what an eminent modern psy- 
chologist, Professor McDougall, can find in 
it. He gives an analysis which shows how 
many elements, some conscious, some once 
conscious but now long forgotten, some 
entirely unconscious, enter into my mere 
perceiving of that orange. A Behaviourist 
might say that he gives a remote and shadowy 
description of the interplay of a vast ( on- 
coursc of nervous impulses which worked 
out to a resultant and pictured itself on my 
mind as the cgsual eating of an orange. 
But we are cxplOTng now beyond the present 
boundaries of Behaviourist method. 

“ Now note,** writes Professor McDoug dl, 
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Lfhat ^^hen I there is 

somehow operative in the;^ 

not only my previous eacpmtaicc of oranra, 
constituting the act one of recognition, but 
^so a vast amount of other experience, 
experience of material objects of many 
jdnds— experiences of seeing, of handling, 
of tasting, of hearing, and so forth. And 
all this mass of past experience contributes 
to determine the ‘ meaning * of th« object, 
or, more strictly, my ‘ meamng * as I perceive 
the orange. I know it, not merely as some- 
thing that may yield me sensory experiences 
of taste and odour and touch, but also as a 
solid object out there in space, with all the 
properties that I have learned to expect of 
solid ol)jects. If I put out my hand to 
raise it to my lips the strength of my innerva- 
tion of my muscles is nicely adjusted to its 
weight, without my reflecting on, or being 
explicitly aware of, its weight ; as I realize, 
if the object proves to be a mere hollow 
shell, of less weight than a normal orange ; 
for it flics up in the air in a way which 
surprises me. 

“ Similarly, if you push it off the edge of 
the table and it remains suspended in the air 
instead of falling to the ground, I realize 
that its gravitational property was implicit 
in my perception. Or if I take a knife to 
cut it, and the knife meets with no resistance ; 
or if I throw it forcibly against the wall, and 
It is not shattered. In a multitude of such 
ways I may be brought to realize the extreme 
complexity of my act of perception, to 
understand how much is implicit in my 
recognition of the orange, and how much 
previous cxp>erience has gone to the forma- 
tion of this mass of knowledge of material 
things which is implicitly operative in my 
act ol perception, guiding my behaviour in 
relation to the object.” 

Whatever one may think of this minute 
analysis of orange-talung, there can be little 
dispute about the complexity of the process 
by wliich I have conveyed this orange of 
mine— which, by-the-by, is a quite imaginary 
orange-~into the mind of the reader. See- 
ing, sniffing, recognizing, and eating an 
orange is a thing any lemur or gibbon 
nngiu do. But this orange we are discussing 
and imagining was never grown on earthly 
It was evolved originally by Pro- 
cessor McDougall out of his private wealth 
of orange-impressions some time ago to 
body forth certain ideas about perception, 
and I (one of a trinity of authors) have 
received it with its intimations of colour, 
shape, scent, and so forth, by reason of an 
ox Pact from the professor’s book, which 


one of my collaborators has had typed for 
my informauon. I have written theL 

avidly 

mental being. I have trans- 
erred it to an imaginary moment when I 
sat after dinner and ate it as I meditated on 
this section. And now the reader has it in 
mind quite distinctly. 

I will not elaborate the picture of my 
communion with the professor’s thought- 
orange which is going on as I write this 
passage. I will not dwell on the printing, 
P/'oo[‘i‘eading, publishing, selling, nor on 
the buying and sitting down to read, that 
has intervened before that same imaginary 
orange has been evoked in the present reader’s 
mental being. There you have this orange 
now in your mind, and so far as you are 
concerned it was conjured up by the sight 
of a group of certain little black shapes on 
the white page that need the most subtle 
discrimination on your part to know them 
for what they are. The key to it all is 
these shapes which make the word “ orange.” 
In the act of recognizing them you are, 
as we have learnt from Pavlov, actively in- 
hibiting the associations of quite a multitude 
of kindred words, Orange (with a capital O 
and a Roman arch), orage (the French 
word), Orage (the Yorkshire writer, who 
is now in America), orang (utang), and so 
on. The impression started by the impact 
of this group of shapes arises very rapidly, 
so rapidly as to be scarcely perceptible, 
and passes through a similarly grouped, 
similarly etchdd out and defined sound 
record, the sound “ orange ” reverberates 
faintly in your mind, very probably your 
vocal cords and mouth make a faint intima- 
tion of an approach to vocalizing it, and 
that sets going a carefully and definitely 
selected and associated group of impressions 
of shape, scent and other qualities, and so 
to your general orange revival. From this 
momentarily excited agglomeration whicll 
is your idea of orange, associations radiate 
in every direction ; you might have gone 
on to marmalade, Seville, Florida, orange- 
groves or the Hesperides, but until these 
have appeared before you here, you have 
probably ignored these associations in 
favour of those to which the trentr of our 
argument has directed you, a trend giving 
you the supposedly tangible ripe orange 
produced for dessert and used as an instance 
of perception. 

If indeed those threatened elaborations 
of this process were pursued as Professor 
McDougall has pursued the mere recognition 
of his orange as orange— it would fill a large 

791 



BbOK 8 THE SCIENCE OF ^ 


volume to trace them all— you would find 
that all the time we were dealing with a 
directional selective flow through continually, 
radiating associations, a complex journey 
that would make the course of a message 
through the most elaborate switchboard 
of a telephone exchange seem the simplest 
of processes. Or putting it in language the 
preceding chapter will have made familiar, 
you are dealing with a stupendously intricate 
migration of nerve impulses, of which your 
idea of “ orange ” is not so much a terminus 
as an important junction and shunting place, 
starting fresh trains of impulse as soon as 
one arrives. 

The difference between adult human 
thought and the mental reactions of a dog 
or monkey, or a very young child, seems to 
be a difference not in kind but in com- 
plexity. A new stage above these animal 
levels is established by the introduction of 
words, and a still further stage by the intro- 
duction of writing. To evoke the group 
of associations that constitute orange in a 
monkey’s mind, one must present some 
tangible element of the group, the smell 
of it, or the bowl in which oranges are put, 
or the sight of someone who is in the habit 
of giving oranges, or else the creature must 
feel a hunger and craving that oranges 
have at some time satisfied. It has our 
orange junction and shunting yard, but on 
a much smaller scale. The human mind 
has developed an unprecedented system of 
symbols, words ; and by means of these 
tags it can call up and briftgr together the 
groups of associations we c 31 ideas in a 
way that seems to be beyond the power of 
any other creature. And it can transfer 
its mental activities to a kindred mind as 
no animal can do. By superadded systems 
of symbolism, by drawing and by writing 
down, the human mind can at the same 
time fix its ideas for subsequent consideration 
ipd free itself from the immediate necessity 
m attending to them in detail while it 
explores or develops further association- 
groups. 

We have already discussed the behaviour 
of the higher mammals and shown that, 
with ^ probable exception of some of 
the higife apes, their mental action hardly 
ever goes beyond the establishment by trial 
wd disappointment of habits of reaction to 
the stimulus of particular circumstances. 
All their learning is the acquisition of 
habits. The dog or monkey rarely seems 
lo pose the situation, correlate it with 
memories of previous experiences and bring 
emt of these e 3 q)eriences an idea of appro- 


priatc conduct It is not at that h vel 
of mental lucidity. We have, hoxwver 
described instances of greater delibei uion 
in apes (see Figs. 316, 317). But uhp„ 
we come to the developing human l.dne 
we find the floundering habitual respnnsw 
of the dog or monkey giving place more 
and more to an acuter perception and an 
cxacter response. Which is often kss 
prompt# The higher animal has kenned 
not a habit which goes off almost as auio- 
matically as a reflex, but a directive idea. 

The development of language has enn- 
duced greatly to this process of deliberate 
and measured response. Words and piira.ses 
have come to play the part of handles hy 
which reality can be hdd off a little and 
examined. Where the needed responses are 
invariable the human being will indeed 
form rigid habits exactly like the responses 
of a well-trained animal, but there is a great 
field 'wherein it is advantageous to vary ihe 
response, and then the apparatus pro\ ided 
in verbal and visual symbolization gives the 
man a venatility altogether beyond the 
powers of any beast. 

The grouped associations, the ideas of 
things which are gripped together and 
defined in the human mind by names and 
other words and symbols, can be subjected, 
because of these handles, to a searching 
analysis and can be viewed from this asjjeei 
or that. One aspect can be considered, 
exchisive of others, and so the object can 
be brought into relation with other things 
which share some common characteristic. 
An orange can be thought of as a fruit along 
with other edible fruits, or as a round thing, 
along with the earth and a pill and any 
other round things, or as a yellow gokleir 
thing, or as a softish thing, and so on. d he 
human mind can then make general }jro- 
positions about round things or about yellow 
golden things. We cannot conceive of arry 
parallel process in a wordless mind. 

These general ideas give men quite dis- 
tinctive powers of producing reactions 
between this and that group of associations. 
A young child or an animal has no such 
general ideas. When a child calls evciy 
man it meets “ dada,” or when a dog J)aiks 
at every stranger, that is not because child 
or dog possesses general ideas. The clnld 
has not generalized from its “ dada ” ; 
has not yet learnt to distinguish its dada, 
which is a very ^flferent thing. 
general ideas of an iriiilligent adult are the 
result of a cleat discrimmation of distinct 
qualities common to fU the items brougnt 
Under that goiieml pseudo- 
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pral ideas of a cWld Or animal are of an 
Ccthrr different order ; they are vague 
analysed ideas due to a want of discrimina- 
^on. ^ grouped 

^ociations altogether. 

Qut of the general ideas which words 
enable men to ui^. they weave a coherent 
nicture of the whole world about them and 
develop a consciousness of themselves in 
definite relationship to it. They find them- 
cplves with standards. From such abstrac- 
tions os “good” or “bad” they can 
classify things into a system of values. They 
can attain to the idea of “ truth ” and of 
knowledge or delusion. They can frame 
their thoughts so that they seem to mirror 
the whole possible universe. They can make 
a picture of the Universe which is generally 
valid. 

So far as habit and custom rule the lives 
of men, they are all very much alike, but 
within they may have developed the most 
extraordinary differences. The natural 
aptitude of human beings to use general 
terms and to apprehend and react clearly to 
circumstances varies widely ; their acquired 
aptitudes vary still more widely, both in 
extent and nature. The mental differences 
among men in range, depth, sensory quality 
ind arrangement are as wide as the differ- 
^iicfs of one animal phylum from another. 
Tht re arc men with minds like earthworms 


find most human communities have dis- 
tinctive pictures of the universe as the com- 
mon basis of their moral culture and general 
conduct. No two languages have identically 
the same general terms and their grammati- 
cal structure also gives -a preference to this 
or that method of grouping and correlating 
words. There is no such thing as exact 
translation, and so the framework of the 
mind of an adult Frenchman or German is 
subtly different from that of an English 
speaker. Every language and every tradi- 
tion carries its distinctive tendencies towards 
this picture of the universe or that. These 
pictures evolve from age to age, they come 
into contact and react upon one another. 
When we discuss conduct we shall have more 
to say of the role of this picture of the universe 
in Mr. Everyman’s life. This work, The 
Science of Life, is an attempt to give some of 
the most important aspects of the picture of 
the universe as Science is redrawing it to-day. 

§ 3 

Emotion and Urge 

The older psychology, psychology before 
experiment, had much more to say and said 
it more connectedly, about ideas and the 
association of ideas, than about the pheno- 
mena of feeling, emotion, urgency, and 
willing. What it had to say may conceivably 


iiid men with minds like soaring eagles. A 
(rrat number, perhaps a majority of human 
icings, seem hardly to think at all, except 
!i the vaguest way, of anything outside 
iidividual concerns. Others think occasion- 
dly of more general things. Some think 
niitinuously as far as thought will take them. 
)onie mentalities are no more than the 
)icture of a few squalid relationships to which 
Hv sky and stars play the part of a theatre 
wekcloth. Some mirror the whole of being, 
^licre seems to be no internal limit to the 


have been erroneous or misleading, but it 
did have a certain system and order. The 
passage from perception to urge and initia- 
tive remained, however, an uncultivated 
jungle of difficulties. The older textbooks 
degenerated into a discursive description of 
the expression of the emotions and suchlike 
subjects. The study of dreams under the old 
regime also remained slight, disconnected, 
anecdotal, and uniliuminating. Until the 
present century there was an extraordinary 
ineffectiveness before the facts of hypnotism, 


iifinitc patterning of associations that are 
ossiblc. But as a controlling power there is 
limiting influence of natural selection 
mich will not tolerate a picture of the 
nivt^rse that betrays its possessor to danger, 
^juiy, and destruction. But any picture 
works will be tolerated. Subject to that 
Jnitation of survival, nature will permit a 
lan to develop whatever picture and map 
the universe may shape itself in his mind, 
hducation (using the word in its widest 
plays a very large part in determining 
je tonn and layout of the widening gener^ 
eas f,f the expanding hfiman mind. The 
ucation of a humaii beiitg comes mostly 
^ til'* human be^fs about him, and so we 


mediumistic seances, and mental aberration. 
Mental disorder was left to the doctors and 
hypnotists were treated as charlatans. 

It would be outside our scope here even to 
attempt to trace the story of how psychology 
has broadened its contacts witli reality 
during the past half-century. We will not 
even attempt a complete list of such names 
as Wundt, Fechner, Ebbinghaus, Brentano, 
Hoffding, and the like, who played significant 
roles in this renaissance. 

One dominant liberating personality w^ 
William James. His animated catholic 
receptivity did much to draw the diverse 
phenomena of hypnosis, mediumistic pheno- 
mena, and psychotherapy towards conver- 
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gent reaction. His treatment of the emo- 
tions was a very complete anticipation of the 
Behaviourist line of thought. Before his 
time it had been customary for psychologists 
to assume that the physical changes that 
make our emotions visible to others are the 
result of our experiencing these emotions. 
When we turn pale with fear, when our hair 
stands on end and our heart beats fast and we 
suffer other visceral disturbances, the bodily 
change had been supposed to follow upon the 
mental. But James argued that matters 
were the other way about. It is not that 
“ we meet a bear, are frightened and run,” 
but “ we meet a bear, run and are afraid.” 
Complex reflexes move us ; when the stimu- 
lus does not overpower us altogether, these 
reflexes are generally in the nature of prepara- 
tions for the emergency ; the quickened 
circulation, the withdrawal of blood from 
the surface and so forth ; and the emotions 
are merely the shadows of these preparations 
upon the mirror of the mind. 

A very fertilizing stream of influence upon 
psychology which rose to its maximum 
twelve or fifteen years ago has been what is 
generally known as psycho-analysis, the work 
of Freud, Adler, Jung, and their followers. 
(We say “ generally known ” because there 
are disputes as to the use of the word, which 
we shall use here in its less restricted sense.) 
Their work has gone on with a certain 
independence of the researches of the 
Behaviourists and it would be premature as 
well as presumptuous for us, in this popular 
summary, to attempt a synthesis of these 
different systems of thought and inquiry. A 
certain miscellaneousness must rule there- 
fore in the sections that follow this. We shall 
deal first with the phenomena of hypnotism 
and the integrity of the individuality. Then 
we shall go on to the essential ideas of 
psycho-analysis. Throughout all this dis- 
cussion and leading up to our treatment of 
conduct in the subsequent chapter, the 
reader will find that current conceptions of 
motive, individuality, and personality and 
therewith the reader’s own egotism are under- 
going an intensive illumination. We are 
exploring “ selves ” and “ will ” here of the 
same constitutions as your own self and will, 
and it is impossible to avoid the personal 
application, 

§4 

Hypnosis 

In the previous chapter we described how 
variom animals can be hypnotized, and 
explained the relation of hypnosis to the 
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general process of inhibition. Here wo w ll 
deal with the much more elaborate i lionl 
mena of the hypnotized human being fh 
throw a very penetrating beam of liglu inti 
the self under consideration. 

There are few things more striking than 
successful experiment in ^ hypnotism. Th 
subject is told to lie back, relaxed, in a chai7 
with his gaze directed m at some bright 
object held near him. The hypnotizer or 
operator, as we will call him, talks quietly 
and firmly to the subject, suggesting various 
appurtenances of sleep— drowsiness, heavy 
eyelids and limbs, a sense of warmth, numb- 
ness. At the same time, he will generally 
stroke the subject’s limbs and make passes ’’ 
in front of his face. It used to be supposed 
that these encouraged^ a flow of “ animal 
magnetism ” from operator to subject ; but 
this mysterious “ fluid ” has no existence, 
and the strokings and movements of the 
hands, like the flow of soothing words, act, 
it would seem, merely by their rhythmic 
monotony. 

After a time, the subject finds his limbs 
beginning to feel heavy ; he does not want 
to move them, and eventually cannot move 
them, even when challenged by the operator. 
His limbs then become rigid, and later, as 
the hypnosis becomes deeper, pass into a 
state of plasticity, as it is called, in which 
they remain in any position they are put, 
however unusual or fantastic, for a more or 
less indefinite period. If the subject is now 
awakened, he will be able to give a fairly 
complete account of his experiences ; but il 
the experiment be continued further, he 
passes into a state in which, as in dreamless 
sleep, there is no remembering. 

His condition differs from sleep, however, 
in one important particular. The subject is 
still in touch with the operator, or, as it is 
generally called, en rapport with him. He is 
cut off from the rest of the world. Loud 
noises, the exhortations or commands ol the 
bystanders — these have no effect ; but he 
will obey the whispered suggestions of the 
operator. 

When hypnotism is practised as an 
entertainment the operator generally orders 
the performance of some ridiculous action - 
the subject is told to scrub the floor with the 
imaginary water in an empty basin ; it is 
suggested to him that a raw potato is an 
apple, and he is told to cat it ; or he is 
informed that he is a sheep — and he begir^ 
to do what he,b told, to act in keeping with 
the suggestion. . , 

When experiments are scientifically cameo 
out, it is found diat the operator’s powers oi 
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pgesticni and control are enormous. He 
can sug‘ ^st that the subject’s thumb shall be 
insensitive to pain, the first finger hyper- 
sensitive ; and then the subject will draw 
away his first finger in agony from the 
tiniest }irick, while he will let his thumb be 
jabbed uith a needle without a sign. Blind- 
ness of one or both eyes can be successfully 
suggested, or paralysis of a limb. The 
subject can be made to believe that one of the 
party is not present ; if told to sit on the 
c^hair which this man is occupying, he will 
sit on his lap. Most extraordinary of all, 
in some subjects blisters can be raised by 
suggestion, or the temperature can be made 
to go up or down — bodily activities not under 
the control of our volition at all. 

Another remarkable set of facts is provided 
by \vhat is called post-hypnotic suggestion. 
The sLiliject, while still in hypnosis, is told 
that, after he comes out of his hypnotic 
condition, he is to perform a particular 
action, but that he is not to remember the 
command to do so. The action may be 
some absurd one, such as putting a footstool 
an the middle of a table ; it may be com- 
manded to take place at a given signal, 
)T after a definite lapse of time. In the 
;reat majority of cases, it will be performed. 
Dftcn the subject is uneasy for a little time 
)c*forehand ; some sort of a struggle is going 
)n in him between the conscious self which 
mows that putting a footstool on the table is 
ibsurd and the hidden part of his mind 
/v'hich has been in subjection to the operator’s 
jidding. But eventually he will do as he has 
jecn (old. When he has been told to execute 
he action after the lapse of a definite period 
)f tinie —so many minutes, hours, days, or 
veil weeks — the instruction will often be 
arried out with extreme punctuality. Post- 
lypnotic commands of this sort have been 
ffective after a whole year. 

Not infrequently the subject will throw 
n ingenuous ray of light on human ration- 
hty by making up some reason for what he 
5 impelled to do. If he has been told to open 
window, he will say, “ Very stuffy in here, 
t you think ? ” although it may actually 
e rather fresh ; or if he is to put a vase on a 
ookshelf, he may suggest that it really looks 
luch better there. This is what is generally 
ailed rationalization f the making up of 
asons to justify an act whose motive is not 
ational. The rationalizer may be con- 
lomly or subconsciously ashamed of the 
lotive : he may simply not know what his 
ioti\ c is but merely that the impulse is there. 

^ ’ valize here the gulf between Reason and 

“as(ais. 


One of the salient facts revealed by such 
experiments (which have now been carried 

for over ha^^f-a-cent^), is that in hypnosis 
the personality is as it were split or, to use the 
technical term, dissociated. The part in 
rapport with the operator is in some 
peculiar way isolated from the rest. The 
case of post-hypnotic suggestion we have just 
cited shoA^ that this cleavage may remain 
after waking. The two dissociated parts of 
the mind are dissociated in the sense that 
they can act separately and even antagonisti- 
cally, and that there is a barrier between the 
consciousness of the one and of the other. 
Yet they act upon one another in spite of this 
mutual unconsciousness. As wc have already 
said, after waking from hypnosis, the con- 
scious self may grow restless and uneasy when 
the tirne comes for carrying out a post- 
hypnotic suggestion, and is almost always 
aware of some extraneous impulse to action. 
Usually the subject experiences the same sort 
of uneasiness that he feels in normal life when 
he knows he ought to remember to do some- 
thing but has quite forgotten what the some- 
thing is. At other times he knows precisely 
what the impulse is urging him to do, but 
cannot ascribe a reason or a motive to it. 
Between these extremes there are all grada- 
tions. 

From the point of view of the normal 
waking self, the impulse to post-hypnotic 
action is real enough ; but its origin and 
often its very nature are hidden. And yet 
the command is carried out. The com- 
mand has been given by word of mouth, 
received by the ordinary channels of sense. 
Though the subject may have no recollection 
of it whatever, yet when he is again hypno- 
tized, he will remember all about it and tell 
you ; and if he be told to remember it 
instead of forgetting it when he wakes up, 
he will remember. 

Here again, in the domain of memory 
there is a complete splitting. 


§ 5 

The Unconscious 

In our description of the hypnotized dog 
we seemed to have a case of restricted 
activity, due to the inhibition of wide 
regions of the brain. These regions are 
held down while others remain in control. 
In these human cases, and especially in 
the cases of post-hypnotic suggestion, there 
is a parallel division into regions that are 
operative and regions that are restrained. 
There is a barrier to connection and rccoUec- 
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tion between the two systems. One which 
is in abeyance during hypnosis resumes, as 
the main stream of awareness, the personal 
consciousness. The other system “ goes 
under ” at the end of the trance. But 
though it is not apparent in consciousness, 
it is still somehow active. It becomes 
apparent by its influence as an urge of which 
the sources are hidden. Possibly it bears 
with it a faint consciousness of its own 
which has no relation with the consciousness 
of the general self. 

In the language of psychology, a language 
repudiated by the Behaviourists, the phenom- 
ena of suggestion are a proof of the existence 
of an underworld of mind, a welter of 
activities, of which the personal self is 
unconscious and which are yet of the same 
nature as consciousness. This underworld 
is called by the psychologists “ the Uncon- 
scious ” or “ the Subconscious,” using the 
article “ the ” and a capital letter to indicate 
that the word is used in a special and definite 
sense for this world of masked, hidden, 
disconnected and unremembered activities. 
In the work we shall prefer the former term, 
the Unconscious. It is a region of events 
out of reach either of direct observation or 
direct introspection. We can, as we have 
just seen, get reactions from it through 
hypnosis and we shall find that in many 
other ways its activities well up and affect 
the conscious sphere. The realization of 
the existence and activities of the Uncon- 
scious is the fundamental idea of this modern 
psychology. 

Generally the Behaviourist avoids the use 
of any particular name for the restrained, 
sleeping, or inactive regions of the cortex 
outside the system concerned in the behaviour 
of the subject. Clearly, he will find no 
difficulty in recognizing that the inhibition 
of any region may be incomplete and that 
a secondary system of nervous reactions 
may arise and at last come to mingle or 
conflict with the ruling system in progress. 
Or that a ruling system of reactions may be 
split into divergent systems with a decreasing 
and disappearing amount of intcr-com- 
munication. In such terms all this world 
of phenomena we are now describing, 
all this splitting of the personality, and all 
this appearance of barriers between process 
and process, may perhaps be stated. But 
for the last thirty years it is the language 
of psychology that has ruled this fitld of 
research, and in that language it is that we 
must de^ with its facts here* 

It is a language very liable to certain 
forms of misconception that have to be 
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borne in mind. In the first place th* mm. 
(with its capital letter) of “ the Unconsc ious ’’ 
for this outer welter of “ mental ” ac liviiv 
‘‘below the threshold of consciousness’’ 
gives a false unity to what is really a vast 
and vaguely defined miscellany. Indeed 
at times it personifies this miscellany. The 
tendency to think of it as a second self a 
self in the dark, equivalent in its conijjJexity 
and homogeneity to the conscious self, is a 
very powerful tendency and few escape 
it altogether. But it has no such colicsive 
factor as the consciousness of self prc)\'ides. 
Its groupings and systems are capable of 
limitless inconsistency. Selfhood is prec isely 
what it does not possess. It is not indeed 
a mere confusion, a chaos of unrelated 
things. It has its systems ; its groupings 
of emotions and ideas, and some of them 
may be very complicated systems. Rut 
they gather to no head until they enter the* 
conscious field. 

In no science perhaps is terminology so 
metaphorical and inexact as in this field 
of psychology. Consciousness as conscious- 
ness seems to be nonspatial and the Uncon- 
scious is of the same nature, yet, for want of 
anything better, we are continually driven 
to use spatial metaphors in talking about its 
activities and to speak of “ parts of the 
mind,” to distinguish between “ super- 
ficial ” and “ deep ” mental processes and 
the like. So long as the loosely metaphoiical 
quality of such statements is remembered, 
we may not be greatly misled by them. 

And having made these explanations \v(‘ 
can proceed to explore this “ stirring and 
teeming wilderness,” this underworld of the 
Unconscious, as the psychologist sees it. 
It has many “ levels ” and many “ regions," 
and hypnosis enables us to make a general 
survey of its extent. Many hypnotic rrsults 
are concerned only with the superficial 
unconscious. When a post-hypnotic com- 
mand, such as shutting a door at a given 
signal, is concerned, we seem to be altogether 
at the superficial level. There is a barrier, 
which has somehow been inserted and lelt, 
between shutting the door and kno\ving 
why we want to shut it, that a simple verbal 
suggestion can remove. The unconscious 
element here is quite of the same stuir as 
normal conscious thinking and doing. 

But hypnosis can carry us down 
such surface effects as this to re^ons normally 
inaccessible to conscious activities. Duiiug 
hypnosis, the qperator, as we have already 
noted, can tap i^ons of the subject’s bt ii|g 
which in heathy waking life arc partially 
w wholly out of conscious control^ and can 
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^g^jsc blisters and changes in the blood-supply. 
This power vCan be used for therapeutic 
purposi"^. Control of the bladder and the 
bowels may be much disturbed in neurotic 
people, and here suggestion under hypnosis 
liay oiten achieve a regulation impossible 
to th( patient’s conscious will. Professor 
pelboc 111' carried out a remarkable experi- 
ment in which he made equal and sym- 
metrical burns on the arms of two subjects. 
The burn on one arm of each patient he 
left to nature ; but he suggested during 
hypnosis that the other should heal better. 
And lie found that this bum healed quicker 
and with less inflammation than the other. 

Now these bodily processes upon which 
hypnosis opens a door are under control 
i'rom the autonomic nervous system, that 
subordinate organization of nerves to which, 
as we hinted in Chapter 3 of Book i, the 
control of the viscera is largely delegated. 
It controls most glands, and many of the 
“ involuntary ” that are not attached to the 
skelelon and concerned with locomotion — all 
the muscles that squeeze food along our 
intestine, that expand or contract our blood- 
vessels and the pupils of our eyes, that make 
our hearts beat. In normal life, these activi- 
ties are regulated automatically, or with only 
a moderate degree of control from our will ; 
they are things that ought to happen of 
themselves, leaving the conscious mind free 
to deal with the unexpected changes of the 
outer world. But in hypnosis it appears 
th.il cl more effective connection is established 
(or released) between the still active part 
ol^ the surface mind that is in rapport 
with the operator, and the deep-buried 
processes of bodily life. 

Hypnosis may enable us to go deep in 
another direction — ifi memory. The hyp- 
notized subject has access to all sorts of 
recollections (which can then often be 
verilied as recollections of actual facts), 
which to the waking self are lost and un- 
available. And the deeper the hypnosis 
into which he is plunged, the greater may 
the number of these lost and buried 
recollections that are exhumed, and the 
f^nrther back into past life may they penetrate, 
hi many subjects, if the hypnotizing process 
often repeated and carried pn for a 
IcJi'ger and longer time on each successive 
occasion, memories of very early childhood 
can be brought out. It is as if there were a 
scit of ‘stratification. Some experimenters 
5^aie that ceitain subjects can even be 
tr msported back to infancy and that there 
(n the lowest layers of the Unconscious still 
linger lost memories of sucking and cryihg. 


. To the Unconscious, too, belong all those 

'Without 

emg attended to — the ticking of the clock 
on the shelf, the beat of the heart in your 

° ** ^ complete 

gradation between an intense focus of 
consciousness, on which attention is con- 
centrated, a zone of less acute consciousness, 
where attention and interest are not aroused, 
a fringe of events of which we are barely 
conscious, and an outermost zone of events 
that do not enter consciousness at all and 
yet may be recorded in the Unconscious. 

Superficial mental matter from which we 
are temporarily shut off, visceral nervous 
activities, unobserved stuff, and the lumber- 
room of memorics—these are four leading 
realities in our unconscious worlds. But 
there is another of much greater practical 
significance. There is an accumulation of 
ideas and feelings that we have deliberately 
thrust out of our consciousness because we 
found it undesirable to be aware of them. 
Forgetting is not always, perhaps not often, 
a mere passive fading out. It can be a very 
active process. There are things we cannot 
bear to think of, do not dare to think of, 
will not think of. Out they go. This 
wilful banishment of thoughts and impulses 
is called repression. We have seen how in 
hypnosis the suggestion of the operator can 
bar one part of the mind from access to the 
rest. Here something wilful within plays 
the part of the operator. Many lost memor- 
ies are really of this type — they have been 
forcibly forgotten. Many of our more primi- 
tive impulses have been normally repressed 
in this way. Lusts, appetites, hatreds that 
wc “ control ” are thus driven under. 
But the thing is done against resistance ; 
impulse is in conflict with impulse, our self- 
control against a rebel. Very frequently 
when the impulse itself is repressed in its 
naked reality it will push back towards 
consciousness in a disguised form. Our 
repressive powers are limited. Our most 
nude and cloven-footed impulses, which we 
should be horrified to admit into the polite 
society of our conscious ideas, still manage 
to exert an influence over us. The same 
may be true, however, for other more angelic 
impulses. It is not only evil which is 
repressed by self-control. Most of us are 
uncomfortably conscious that the angelic 
does not go very well with our business and 
the practical life of every day. Hence such 
impulses, too, are often partially or \^holly 
repressed ; and we do good by stealth 
or entertain angels unawares, me good 
impulses exerting their influence from the 
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Unconscious in the same disguised way as the 
bad ones. As Freud himself has acutely 
remarked (in The Ego and the Id), “ The nor- 
mal man is not only far more immoral than 
he believes, but also far more moral than 
he has any idea of” 

Hypnosis is one way of getting into touch 
with the Unconscious, but it is not the only 
way. At moments between the unconscious- 
ness of sleep and the full consciousness of 
waking existence come those flashes of 
something neither real nor absolutely non- 
existent which we call dreams. We have 
opened to us a world of emotions and images, 
undisciplined, uncontrolled by any logic, 
regardless of criticisms. Sometimes dream- 
ing may bring before us things in our mind 
we never imagined were there : hates, desires, 
fantastic suggestions. Sometimes it may 
reveal unsuspected connections. Sometimes 
it may diagnose disease. As we come awake, 
logical thinking and self-control assert them- 
selves. We try to lay hold of these strange 
intimations before they sink back into the 
darkness. We attempt to rationalize the 
strange vision. It is rare that the Uncon- 
scious produces an abstract idea or a logical 
process — perhaps it never does so. It thinks 
— if we can say it thinks — not in abstractions, 
but in sensuous symbols. Wc do not find 
the idea of power in our dreams, we find 
giants and monsters. We do not find truth, 
but balances and rectilinear figures. We 
do not find love, but endearments and 
embraces. This is no longer the method of 
adult human thought ; it recalls the fantasies 
of childhood, the mythologies of savages 
and a more primitive stage in the develop- 
ment of our race. The psycho-analysts 
have gone far in codifying of the symbols 
the Unconscious uses, and connecting them 
with the intricately symbolic art of the early 
world. Early man had to express and work 
out his ideas in complex images, because 
the methods of abstraction and logical 
thought had still to develop. He was 
incapable of abstractions, and so it seems 
is the ordinary Unconscious, the artist 
of our dreams, to this day. 

The conception of the Unconscious as, 
among other things, a realm of repressions, 
it must be understood, is a relative one. 
Relative to the conscious self. When dis- 
sociation is at work, the dissociated mind- 
system is, from the viewpoint of the rest 
of the mind, part of the Unconscious ; 
but the processes going on may be conscious 
within its own boundaries. There are 
numerous well-authenticated cases where 
two part-systems within one mind can be 
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made to do different things at the sanu time 
without one being conscious of what th 
other is doing. Some people, for cxampl/ 
with the gift of automatic writing, ran be 
engaged in conversation, and then, if a 
pencil be put softly into their hand and 
questions whispered to them, will write 
perfectly intelligent answers— without the 
main self knowing anything about it. The 
system that writes behaves just as if it were 
conscious ; to believe it is not conscious 
raises more difficulties than to believe it is. 

§6 

The Splitting of the Self : Multiple 
Personalities 

This concurrent activity of entirely .separ- 
ate mental processes is our first introduction 
to a series of phenomena, which in thcii 
complete development amount to the exist- 
ence, side by side, in one brain, of two 
or more active mental systems so disconnected 
and so highly developed as to be in effect 
separate persons. 

A classical example of multiple personality, 
as this type of derangement is called, has 
been described by Morton Prince in a hook 
far more absorbing than most novels, 
The Dissociation of a Personality, Let us tell 
the story as briefly as we can. Miss B had 
been a nervous child, solitary and addicted 
to day-dreaming, living in an ui)hap})\ 
home. She became a hospital nurse, and 
when eighteen formed a romantic attach- 
ment to a young man, but soon afterwards 
went through an emotional crisis, apparently 
because the young man’s expression of his 
affection was not so idealistic as hers. 
During the next six years Miss B’s character 
changed considerably. She went to college 
and became very studious ; but remained 
neurotic, with poor general health, and 
eventually called in Dr. Prince. 

Then came another emotional shock, again 
connected with her love-affair ; she sent 
for Dr. Prince, and in his presence actually 
underwent a sudden change of personality. 
From now on, for over a year, this new 
personality alternated with the old ; hnij 
one and then the other was in possession ot 
Miss B’s bodily equipment. 

Dr. Prince speaks of these two personalities 
as Bi and B4. Analysis showed that they 
represented complementary phases ot 
character. Bi was the girl Dr. Prince 
had known be^j^c the crisis. She remained 
studious, subnmSive, retiring, religious, scU- 
sacrificing and highly suggestible. B4 
quite a difrercnt crcaturc-njclf-assertivc ana» 
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. sciblc, sociable but worldly and vain, 
Latient of things intellectual and religious, 
elf-opinioiiated. Bi was devoted to children 
and the old ; B4 frankly disliked them. 
^}jough both were unusually emotional, 
Bi reacted against her emotions, while Bi 
let herself be carried away by them. Perhaps 
the most curious fact is that, although they 
shared tJie same body, they differed markedly 
in health. Bi was easily tired and had poor 
general health ; B4 was energetic and robust. 

The two personalities had no knowledge 
of each other’s inner life. Their memories 
^vere different. Both had- knowledge of all 
Miss B’s early years, up to the first emotional 
crisis six years before, but Bi alone could 
recall anything of the happenings of the six 
years since then. After the appearance of 
B4, each remembered only what happened 
during the periods when they were “ top 
dog.” Circumstances and tastes decreed 
[hat they had different friends ; and some- 
times the change would come suddenly, 
and Bi, for instance, would find herself 
talking to a friend of B4’s whom she, Bi, 
lid not even know, or if she knew, knew 
)nly slightly and disliked. 

They could not communicate with each 
jther directly, and so had to obviate some 
T the difficulties which their situation en- 
ailed by writing notes and leaving them 
ivhere the other half-self would find them, 
flic two alternating selves had to practise 
olerance, but really disliked each other. 
I4 dppised Bi’s physical weakness and her 
dcalisni, and could not understand her 
vasting her time over books ; Bi shrank 
rum B4 ’s worldliness and found her selfish 
incl hard. And yet here they were tied 
f’gcthcr, forced to share a single bodily 
rame, and by that fact often forced to 
ummii each other in all kinds of disagreeable 
vays. 

By the aid of hypnosis, Dr. Prince was 
uale to dig deeper into the meaning of the 
-‘ise. To cut a long story short, he con- 
luded that Bi and 84 were really comple- 
Taentary parts of Miss B’s personality, 
organized round two sides of her nature 
yheh had long been in conflict — her 
ulruistic impulses on the one hand, the 
nore practical but egoistic side of her nature 
>n I lie other. From earliest childhood the 
jirl had been passionately attached to her 
)^o[her ; but the mother had never cared 
ru treated her unkindly. 

conflict thus set up in the child’s mind 
between the unattainable happiness she 
f^^iged for and the harsh world of actuality 
t^und expression in her day-dreaming, 


where she could give free rein to her aspira- 

rS'"'^ vT®*® of the pracdcal 

reality which was always so unkind. The 

expansive altruism of adolescence ranged 

Ln? battalions of idealism ; 

and doubtl^ any compromise witli the 
worldly world of everyday was coloured by 
the suppressed conflict and made to appear 
despicable and hateful. The conflict must 
have been acute, with the forces of altruism 
and romance on the whole winning, .when 
Miss B devoted herself to nursing. She 
undoubtedly gave full rein to her idealism 
in her thoughts of the young man to whom 
she grew attached ; and when he failed to 
unreality which 
she has ascribed to him, arid revealed himself 
as an inhabitant of the flesh-and-blood 
world which demands kisses as well as 
nebulous romance, the shock was so great 
that, in attempting to push him out of her 
thoughts, she automatically intensified the 
old-standing push against all the worldly, 
selfish, unromantic impulses and ideas, with 
which his behaviour was now associated. 
And under the intensified onslaught, this 
whole complex of ideas was pushed clean 
out of consciousness— dissociated from the 
rest of her menial life. 


But though repressed, these tendencies 
were not extinguished. Everything that 
could feed them was switched away from the 
daylight of consciousness into the limbo of 
the Unconscious. The buried half-self could 
be stimulated, but could never act or express 
itself, save in obscure influence, upon the 
other half-self, exerted below the level of 
consciousness. Then came the second shock, 
the mechanism of the mind was jarred, the 
repressive force weakened, and the repressed 
organization of ideas and desires sprang 
into conscious being as the new personality 
B4. 

This story, which recalls Stevenson’s 
famous tale of Dr. Jekyll and Mr. Hyde, 
would be remarkable enough, but it is 
made more so by the emergence of yet a 
third “ personality ” of quite a different 
type — childish, puckish, irresponsible — who 
christened herself Sally. “ She ” appeared 
on the scene before B4, but at first only when 
Bi was in hypnosis. Later, during the 
period of alternation between Bi and B4, 
she too sometimes managed to obtain 
possession of the waking body to the exclusion 
of the others. B4, on learning of Sally’s 
existence from Dr. Prince, and by letters 
from Bi, made vigorous attempts to suppress 
her. Sally in return attempted her tricks 
on B4, but was less successful than with 
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Bi, partly because B4 was a stronger nature, 
partly because Sally had direct access 
to Bi*s thoughts but not to B4’s. 

Later, Dr. Prince got Sally to write her 
autobiography. This unique document 
claims to be the record of a soul suppressed 
for all its early life, at long last finding access 
to the world of human beings and human 
communication. In it Sally maintained that 
she had had a separate conscious existence right 
back to Miss B’s infancy, and that even when 
the little girl was learning to walk, Sally’s 
tastes and ideas were different from those 
of the main personality. It is, of course, 
impossible to say how much of this auto- 
biography is true in detail ; but it seems clear 
that Sally had Aisted as a more or less 
distinct and organized mental being, but 
subordinate and suppressed, for a long time. 

Then came the denouement. Dr. Prince, 
by the aid of suggestion in deep hypnosis, 
was able gradually to fuse the two antagon- 
istic personalities Bi and B4 and weld them 
together into one. The more successful 
the fusion, the more thoroughly was Sally 
suppressed. Her own description was that 
she felt squeezed.” The rebuilding of a 
single healthy personality was much delayed 
by Sally, She had at last tasted the joys of 
full existence. She had been given the 
privilege of controlling the body in which 
she had lived for years as an irresponsible 
but helpless passenger — a transformation 
more dazzling than Cinderella’s. And she 
was not going to surrender without a struggle. 
Repeatedly she would force herself up into 
control to prove that she was not going to be 
squeezed out of existence ; and each time 
this happened, the amalgamation of Bi and 
B4 was hindered. But eventually she began 


in the process of boiling down. It remains 
to ask what arc its general bearings. 

Dr. Prince interprets it, as we have seen, in 
terms of dissociation of different pans of 
the personality. B4 and Sally were ijoih 
mind-systems organized round tenckneirs 
which were more or less antagonistic lo the 
dominant tendencies of the growini^ girl 
and which were finally excluded by her 
from any participation in the control of the 
body. But while Sally seems to have been 
in the nature of a left-over, a set of childish 
tendencies which never got incorporated 
in the main organization, B4 was organized 
round maturer ideas and desires which had 
to be definitely fought against. As nsnlt, 
Sally retained some degree of independent 
and simultaneous consciousness— she was 
“ co-conscious ” with the main personality ; 
but B4 was driven out of consciousness, 
though the system still existed in the Uncon- 
scious and could still be stimulated there. 
With much of her energies thus devoted 
to repressing half her own nature, Bi 
grew weak and neurotic ; and first one and 
then the other of the repressed systems 
managed to burst up into full consciousness 
again. 

The main criticism which has been made 
of Dr. Prince’s views is that, since he used 
hypnosis and suggestion as his main method, 
he himself suggested, without intending to, 
many of the symptoms which he afterwards 
sets out to explain. 

Some criticsj for instance, maintain that 
the very sharpness and distinctness ol' the 
three alternating personalities, and their 
long-continued separate existence, were due 
to the treatment employed and to the 
unconscious bias of Dr. Prince in favour of an 


to grow discouraged, and at last, as the 
result of appeals by Dr. Prince to her better 
nature, consented to give up the struggle. 
From that moment the restoration of the 


single and unitary personality went rapidly 
forward. As Dr. Prince writes, ‘^The 


interpretation in terms of split persotialiiy. 
When psychological analysis, Freudian or 
otherwise, is used, we are told that such 
marked and long-continued dissociation 
of personality is not seen. There is peihaps 
an clement of truth in this criticism. It is 


resurrection of the real Miss B was through 
the death of Sally.” Since the synthesis, 
it has been impossible to communicate with 
her ; but we may presume she lives once 
more an obscure and powerless existence, 
suppressed by the maturer organization in 
control. 

The final outcome was a restored Miss B, 
who commanded the memories both of Bi 
and B4, but not of Sally. She was a well- 
balanced personality, wno “ lived normally 
ever after.” 

So far Dr. Prince’s account — we hope not 
stripped of too much of its absorbing interest 


possible that had Dr. Prince adopted other 
methods of treatment, he would have been 
able to restore Miss B to a balanced mental 
existence without her passing through a long 
period in which her body was the prize of 
rival personalities. But under the conditions 
of the experiment she did pass through such 
a period, and^ antagonistic personalities 
did alternately tic control of her organism- 
We arc for the moment naturalists of the 
mind j and case of Miss B assures us that 
the strange nwhtal creatures called multiple 
and alternating personalities can in cei tain 
pircumstances exist. 
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Xher( seem to be all gradations between 
such a complete splitting of the personality 
as we liave here described and a inild degree 
of dissociation between two sets of tendencies 
_the evasion of conflict between two unre- 
conciled systems of ideas. In some types and 
temper iments dissociation evidently happens 
much more readily than in others. In what 
we may call the easily-dissociated type, real 
alternations of personality may come into 
being without treatment by suggestion, 
although the abnormal state of affairs 
rarely lasts so long ^ in Dr. Prince’s case, 
and the two personalities are rarely so sharply 
defined or so balanced in antagonism. 

Many cases reported in the papers as 
“ loss of memory ” are really due to the 
emergence of a dissociated and repressed 
part of the personality which suddenly comes 
to the surface and ousts the normal self. 
Such happenings are called “ fugues ” by 
psychologists. Professor Janet reports on one 
such case. A boy lived with his mother who 
kept a little shop in a city not far from the 
sea. He hated the routine of the life, and 
used to spend much of his spare time sitting 
with sailors in the bars and taverns and listen- 
ing to their stories of adventure. One day 
he disappeared from home. Some months 
later, a travelling tinker in another part of 
the country treated himself and the lad who 
worked for him to some wine, mentioning 
that it was such and such a feast-day. At 
this the boy exclaimed, “ It’s my mother’s 
birthday,” and remembered that he was 
the boy who used to sit with the sailors and 
hate his home-life. But with the revival of 
these memories came an effacement of the 
memory of the intervening months. Later 
investigation showed that he had worked 
his way to the coast on canal barges and, 
after various hardships, had taken up with the 
tinker. His repressed dreams of romance 
had taken shape in this adventure. 

Ihere are plenty of other well-authenti- 
cated cases, but we will avoid vain repetitions 
and go on to other aspects of our subject 
with those two important facts established — 
the fact that minds can be split, and the 
fact that such splitting is usually at least the 
result of mental conflict. 

§7 

Hysteria » 

And now wc will take up an instance or 
so of hysteria. The term hysteria itself has 
^ curioiw oiMn ; it is derived from the 
^rcek word lor womb, since the ancients 
land the modems also until after the six- 
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teenth century) regarded it as a disease nf 

womh” disorders of the 

womb, or by its getting loose from its anchor- 

p and moving about within the body so 
as to press on various vital organs ! It k 
now used to cover certain types of mental 
isorder, in men as well as women, which we 
can best define by illustrative description. 

Ine symptoms are extremely varied. 

At one extreme we have what is usually 
known as “ hysterics,” when the sufferer 

(generally a woman, and more often a 

woman of Latin than of Teutonic type) 
indulges, to quote Dr. Gordon, in an 

ebullition of emotional expression, accom- 
panied by diffuse and purposeless motor 
activities.” And this may terminate in a 
regular convulsive fit, closely resembling the 
fits of epilepsy. Apparently we have here 
a release of energy, a physical ebullition, 
but the reality of the case is that there has 
been an inhibition of the controlling centres 
in the higher part of the brain and the lower 
centres have broken loose. At the other 
end of the scale to “hysterics” are cases 
which simulate those of some real complaint 
—hysterical blindness or dumbness, or the 
paralysis of a finger or a limb, or pain — 
without there being anything organically 
wrong with the affected part. In the past, 
hysterical symptoms were often put down 
to mere malingering ; and many laymen 
still hold this view, not only about hysteria, 
but about the complaints usually referred 
to under the name of “neurasthenia,” 
which we will presently describe ; they think 
them moral lapses. 

But true hysteria is as much a disease as 


measles, though the one is caused by a germ, 
the other by a conflict in the mind. The 
popular idea has, however, a grain of truth 
in it ; the hysterical symptom is the work of 
our Unconscious ; and our Unconscious 
often employs it to keep us from doing 
what some part of our nature does not want 
to do. The difference is that in hysteria 
we, as conscious beings, may have no notion 
of the cause of our disability. 

Let us take one or two cases. Dr. Gordon, 
in his book, T/ie Neurotic Personality^ quotes 
one of a young man who came back to 
England after the War suffering from a 
paralysis of one hand ; the fingers were 
held stiffly out, and he could not work — 
a fact which gave him the greatest anxiety 
about his future. He had been a prisoner 
in Germany, and the paralysis dated from 
a day when a heavy piece of iron fell on 
his hand. Five minutes’ explanation and 
suggestion, without even hypnosis, cured him 
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—he moved his fingers again as well as ever 
he could. The explanation appears to have 
been as follows : The man was reacting 
against his work in the prisoners' camp— 
he hated working for the enemies of his 
country ; the work itself was hard and 
unpleasant. Then came the accident. His 
hand was quite severely hurt, the fingers 
stiffened with pain. Here steps in the 
Unconscious, seizes the heaven-sent oppor- 
tunity of finding an excuse for stopping 
work, and commands the fixing of the hand 
in the outstretched attitude, just as the 
operator in a hypnotic seance might do. 
The conscious self knows nothing of all this ; 
all he knows is that the fingers are paralysed. 
(We arc manifestly taking the utmost liberty 
of metaphor here. We are personifying the 
Unconscious outrageously.) The paralysis 
was real, but hysterical. If the subject 
had been consciously malingering, a doctor 
could have detected the fraud in a few 
minutes, and he would have found it 
physically impossible to keep it up. Only 
suggestion acting through the Unconscious 
can control bodily functions in so perfect a 
way. 

In many such cases the paralysis of move- 
ment will persist even in deep sleep. As 
complete proof that this patient’s inhibition 
was genuine, comes the fact that his paralysis 
did not disappear when he came back 
to England and wanted to work. The 
Unconscious is blind ; it operates in a dark 
realm and in very different ways from the 
conscious. A reaction once established 
through it may work even against the 
desires of consciousness. The paralysis con- 
tinued because the patient believed in it ; 
but once he realized that he need not believe 
in it, it disappeared. 

Another case of Dr. Gordon’s was a man 
suffering from blindness — purely hysterical 
blindness ; there was nothing wrong with 
his eyes, but he could not see. Here the 
accident which set off the blindness was an 
attack of conjunctivitis. The man’s mind 
had been distressed by certain hidden 
conflicts and these were waiting for some 
chance of pacification. This conjunctivitis 
served its purpose excellently. Symbolism 
is a primitive way of thinking which pre- 
ceded abstraction. In the Unconscious, 
as in dreaming, symbolism is the normal 
method of interaction. The man, it turned 
out, was feeling exaggerated remorse over 
some private misdemeanours, and, as he 
himself put it, “ could not bear to look him- 
self in the face.” He could not bring 
himself to look squarely at the situation and 
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face up to it practically, cither by C(,jninp 
to some worldly compromise with his 
conscience, by cutting loose entirely )ion^ 
certain habits he felt were wicked, or at 
least by not crying over spilt milk and 
tormentirig himself ; and the Unconsnom 
with its incapacity for logical solution’ 
solved his distresses by this device of nicntal 
blindness. He was cured of his hysteria 
by a few explanations and a course of wakin^r 
suggestion which enabled him to master his 
moral problem. 

The hysterical symptom may be a loss 
of memory just as well as a loss of some pf>\vcr 
of movement or a loss of sight ; and then 
wc have conditions which grade iinpei- 
ceptibly up into the “ fugues ” and double 
personalities described in a previous section. 
In War cases, the peg which the Uncon.sci()us 
used to hang the symptom on was often some 
sudden physical shock, like a shell-explosion. 
The man recovers consciousness ; he is da/cd, 
and cannot remember properly what has 
happened. He cannot remember 

This is precisely what half of him has been 
wanting to do for months ; he would like 
to forget all about the War and the honors 
he has seen, but his sense of duty has repressed 
his wish. Now, while he is suffcrinit from 
the shock, the repressed wish has its chance. 

“ I can’t remember,” thinks the conscious 
self. “ Qiiite right, you can’t,” respond thr 
repressions in the Unconscious, “ and you 
shan’t.” And the memories are dissociated 
from the rest of the mind. 

Here are two simple War cases liom 
McDougall. In one, only the meinoiv 
of the incident was thus split off. A soldier 
brought to hospital, dazed after an explosion, 
was about to be discharged as fit, when 
it was discovered that he walked in his 
sleep. He got out of his bed and went ovei 
to the bed of the only sergeant in the ward. 
When hypnotized, memory returned, and 
he re-lived the scene. A shell had killed 
several men in his party ; he was running 
off to report to his sergeant, when a second 
shell exploded near by and left him half 
unconscious. With the recovery of the lost 
memory, the sleep-walking came to an end. 

In the second case the loss of memory 
lasted longer. A sergeant carrying clis- 
patches had, as it turned out later, been 
blown off his motor-cycle by a shell-burst. 
A few hours after, he found himself on the 
sea-coast, over a hundred miles from the 
front, with no recollection of the shell-burst 
or of any thii^.^ that had happened hi ter. 
Distressed at his dereliction of duty, he 
surrendered himself to the military police- 
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Ifuch hypnosis m hospital, he 

Tcovcrca the lost memories ; he recalled 
how lie liad asked questions and studied 
the sign'ix)sts ; how he was actuated by a 
violent desire to get away from the zone of 
danger. Here natural fear, long honourably 
repressed, had got the upper hand, while 
the personal self was dazed and had split 
off all the memories of past existence, all 
the ideals of duty. But once he was well 
out of danger there was no longer the same 
urge to die instinct of self-preservation, and 
the normal self could agmn get the upper 
hand. 'I’hc case is very like one of double 
pei^onality, save that one of the “ person- 
ilitics” is a very minor and low type of 
[iieiital being, with only the one impulse 
:)f self-preservation as its mainspring instead 
of a whole system of complex motives. 

It might well have been more powerful 
md more complete ; if so, it might have 
leld its own more or less permanently, and 
r should liave had a typical case of total 
ukI long-continued loss of memory. 

Thus tlic mechanism of hysteria, as of 
lypnosis and multiple personality, is a 
.piitdng, a dissociation ; in cases of hysterical 
)lindncss or paralysis just as much as in loss 
)f memory. Let us add two further illus- 
rations. A soldier was stooping to pick up 
1 bomb, when it exploded. He was luckily 
lot wounded ; but he found himself with 
iiouth fixed open, tongue stuck out, and 
inable to move his jaws or utter a sound, 
dc had begun to give vent to an instinctive 
'l y ; but in the very act his control of the 
uaehincry of voice was cut off, dissociated, 
irobably as a natural reaction to the ex- 
reinity of fear and shock. The tongue and 
imuih came under control again in a few 
lourb ; but the hysterical dumbness per- 
isted. The Unconscious had used the 
^iiralysis of fear as its peg on which to hang 
he symptom which would withdraw the 
from further danger. 

One final case of great interest from 
^IcDougall. An Air Force cadet — keen, 
■lever, athletic— fell and bruised his right 
irni as he was running to mess, and the arm 
put in a sling for a few days. When the 
li»g was removed, the arm was rigid, 
Jiiralysed. ^ The boy denied that flying had 
on his nerve ’’.and said how keen he 
vas to go to the front. It turned out, 
luwever, that he had recently had a narrow 
■sc^ipe from a serious accident while flying. 
udJougall put him into hypnosis ; but when 
‘c was then commanded to move his arm, 
^ strange conflict was revealed. “ The arm 
tioved ” (we are quoting McDougall’s 


WO^), “ but instead of obeyinir my sui;- 

contoruons with tremendous energy. Very 
soon my spell- was broken; dm patient 
c^e suddenly out of hypnosis ; and then, 
m place of his usual cheerful friendliness, 
displayed a fierce resentment, told me he 
hated me, etc. On the following day he was 
his usual cheerful friendly self; but he 
reported that, when he woke from sleep, 
he had found his right arm interlaced among 
the bars at the head of his bed and had had 
the greatest difficulty in extricating it. 
Ihese events were repeated with some 
variations. It was as though he were 
possessed by a devil. 

There is no room for doubt that this was 
a case of strongly-repressed fear, generating 
a strong subconscious aversion from return 
to duty. When I tried to force him back 
to duty by removing the disability, the 
repressed fear broke through and (as in an 
animal brought to bay) generated anger 
against me. The significance of the con- 
tortions of the arm is fess clear ; we may 
fairly suppose that they expressed a conflict 
between the repressing forces and an impulse 
to strike me.” 

Thus even in the finest characters the 
Unconscious may be busily at work as the 
conscious self’s antagonist. And the rSbre 
strongly natural instinct is repressed, the 
deeper-buried is the conflict and the more 
difficulty is experienced in bringing it to the 
light of day. The repressed fear had used 
the accident and the sling for its own ends. 
'The anger of the Unconscious, as it felt 
its unworthy drift resisted, was forced 
temporarily upon the whole personality. 
This throws a flood of light upon much 
of our ordinary experience. And finally 
tlac independent action of the arm is note- 
worthy. We have again a resemblance to 
dual personality ; but the minor personality 
here is in control only of a single limb. 
McDougall himself likens the symptoms to 
those of demoniac possession, and we cannot 
doubt that those who in other ages were 
described as possessed by evil spirits were 
in reality the sport of repressed parts of 
their own selves acting through their 
Unconscious. 

Another interesting form of escape from the 
demons of an overwhelming situation is 
what is called Regression. The patient, so 
to speak, drops adult self-direction, abandons 
all memory of recent years and relapses 
towards childhood or infancy— and irre- 
sponsibility. That is the fundamental wish 
of the worried spirit, childish irresponsi- 
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bility, the dear safety of the nursery again* 
McDougall gives a case of a wounded man, 
further distressed by the fear of air raids, 
who rel^sed to childish crawling, childish 
ways of feeding, fretful crying and complete 
dependent helplessness. Slowly as fear 
ceased to press upon him, he grew up again. 
He is the type case of a whole series of such 
instances of retreat from adult distresses. 

From such strange wholesale reversions, 
there are all grades and variations up to 
apparently normal people who merely prefer 
to look back instead of pushing forward with 
life. Regression in one form or another 
is one of the commonest symptoms of 
maladjustment, and one of the most potent 
causes of wasted human energy. 

§ 8 


and then may show the completest pat , lid. 
ism with what we have identified as opci a tine 
with demoniac possession. ^ 

In passing, let it not be supposed that the 
value of mystical experience is destroy ( d if 
we find out that it has a psychological c ausc 
within our own minds and is not du(‘ to a 
spirit or spirits outside and separate from us. 
To avoid theological entanglements, w(' can 
best illustrate the point from the experience 
of poets and artists ; though with the proviso 
that there seems no difference of principle 
between this and the experiences of religious 
mystics. When Wordsworth wrote of 

a sense sublime 
Of something far more deeply interfused, 

Whose dwelling is the light of setting suns, 

And the rouncT ocean and the living air, 

And the blue sky, and in the mind of man ” 


Exaltation 

The hysterical exaggeration of inhibition 
docs not always recall the ideas of our great- 
grandparents about diabolical possession. 
It may sometimes produce saints. The 
normal personality may be in conflict not 
only with tangles of suppressed desire of a 
lower moral type. Its aims and discretions 
may also be in conflict with excessively noble 
ai |4 generous impulses. And when the 
insurgent factor gets loose and is able to 
inhibit the normal motives of the personality, 
it may be that the inhibition is not of good, 
sane and high-minded activities, but of 
commonplace and lowly desires. There is a 
higher as well as a lower hysteria. 

Many of those who are called mystics arc 
the exalted outcome of a distressful mental 
conflict. They may believe themselves, and 
other people may believe them, to be not 
“ possessed ” but “ inspired.” An inspiring 
force may be interpreted and personified 
in very different ways according to the 
atmosphere of ideas about the individual. 
The religious mystic finds it is his Divinity 
with whom he has become united and identi- 
fied. The exalted naturalist, like the late 
Richard Jefferies, will find he is “ at one ” 
with Nature. 

We cannot go into all the fascinating 
questions involved in a full exploration of 
mystical experience. Sometimes it is the 
product of a special kind of training and 
concentration, just as is the power of follovring 
and appreciating a difficult mathematic^ 
theorem or a difficult piece of music ; and 
then its machinery has little in common with 
hysteria. But when there is repressed con- 
flict in the mystic’s mind and a sudden 
illumination, then the machinery is similar, 
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he was describing an experience Mlmh, 
however he or anybody else may interpret it, 
can become to any man, as it did to liim. 
one of the mainsprings of life. 

And whether we believe that Kubla Khan 


(which came to Coleridge in a dream) or 
Shelley’s Ode to the West Wind were inspired 
by some spirit or being other than them- 
selves, or were the products of their o\vn 
minds in a particular state of exaltation, the 
poems remain great poems, sources ol joy 
and delight, things of permanent value 
The phenomena of religious expenence 
may parallel those of morbid hysteria in the 
closest way. The most remarkable among 
such parallelisms is undoubtedly what is 
called stigmatization — the appearance on 
the worshipper of marks like the wounds 
inflicted on Jesus at crucifixion. The most 
famous man to receive the stigmata \\as 
St. Francis of Assisi, but there are now several 
score cases (mostly women) on record, many 
of them quite recent, and authenticated 
without any shadow of doubt. In addition 
to the marks in hands, feet, and side, some 


have developed marks which simulate those 
made by scourging, by the crown of thorns, 
and iSo forth. In every case the stigmatiza- 
tion has only appeared after prolonged 
meditation upon the passion and crucifiNioo* 
In some people, once initiated it was repeated 
at more or less regular intervals ; in Louise 
Lateau, a Belgian peasant girl who received 
the stigmata in 1868, they bled regularly 
every Friday. In those cases which have 
been at all properly looked into, it seems diat 
the region af&^cd becomes tender and red, 
with blood lealang out of the capillary walls. 
Almost always, mere is acute pain in the 
region of the stigmata ; and sometimes only 
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the p .in is felt without any visible marb 

jjeing ^cft. 

Xhc Roman Catholic Church herself has 
pronounced some of the cases as impostures j 
theft’ is every reason to believe that others 
have been unconscious impostures, the wor- 
shipper inflicting the injuries on herself-— or 
ratli< r having them inflicted on her body by 
her Unconscious — a not infrequent happen- 
ing in hystero-epileptic persons. But there re- 
tail i a number that are apparently genuine. 
In these it would seem that the Unconscious 
is again showing its amazing power over 
bodily functions that are beyond conscious 
contiol, just as it does in hysteria by produc- 
ing mental blindness or lack of memory, in 
hypnotism by raising blisters or causing 
temporary paralysis. Stigmatization is the 
most startling of all such phenomena and can 
probably only occur when a man or woman 
is in that exalted mental state called ecstasy 
bv the mystics, or in some approach to it. 
It is noteworthy that many of the stigmatized 
(though not all) have been hysterical or 
have suffered from epilepsy. They have 
turned their weakness into something which 
from the religious point of view is of inestim- 
able value. 


There is no ground for believing that 
autoimtic writing is the work of extraneous 
^ints ** ; the recesses of the mind have a 
sufficient population of partial personalities 
to account for all the automatic scripts that 
have been published. The same is true for 
the well-known phenomenon of “ control ” 
of a so-called medium. The medium 
relaxes and sinb into a trance-like state, in 
many ways resembling that produced by 
hypnotism ; and after a time he (or, generally, 
she) begins to speak in an altered voice and 
manner. The new voice asserts that it 
belongs to some spirit which has entered 
into the mind of the .medium and so has 
obtained control over her brain and actions 
during her trance. The “ control ” will give 
answers to questions or may volunteer 
statements of its own accord ; it is, of course, 
through these channels that the bulk of 
spiritualistic information is obtained. There 
are doubtless cases where fraudulent medi- 
ums simulate trance and “ control ” ; but 
when all these have been discounted there is 
an abundance of genuine cases in which a 
personality distinct from the medium’s 
waking self does speak and act, and the 
medium has no knowledge of its words and 


§9 


Automatism and Mediumship 


Occurrences such as automatic writing> 
which play so large a part in psychical 
research, appear to be only phenomena of 
the split mind. Some people with a gift for 
automatic writing find that they get their 
best results when, after taking a pencil in 
tlieir hand, they occupy their conscious 
attention with' talk or a book. Others, on 
the other hand, find it best to relax, and may 
pass almost into a trance. In these circum- 
stances the hand with the pencil may write 
not only voluminously, but often coherently 
and interestingly. What it writes would 
ap}:)ear to be the product of some system 
nf ideas which is denied full access to the 
normal main consciousness — more or less 
thoroughly dissociated, repressed, or buried. 

An interesting case of this sort was recently 
reported from me United States. An active 
stockbroker, who rather despised literature, 
found that lines of poetry came into his 
mind in the state between sleeping and wak- 
ing He was interested and wrote them down. 
Tiiey seemed cjuite good, so he sent them to a 
magazine, which accepted them. He now 
earns regular money by subconsciously com- 
posed poexQs — a product, doubtless, of a 
normal romanticism which his business life 
h IS suppressed. 


actions when she comes out of trance. 

A well-tried rule in science, as in practical 
affairs, is what was known to scholpstic 
philosophy as William of Occam’s razor, 
which, being translated into modern terms, 
lays down that unnecessary causes should be 
avoided ; if you can explain your facts with 
the aid of well-tried principles, do not drag 
in new ones. 

This rule is very much to the point as 
regards mediums and their “ controls.’* All 
the facts, remarkable as they are, can be 
explained perfectly well as being due to the 
activity of secondary systems in the medium’s 
own mind — repressed ideas, split-off per- 
sonalities of varying degrees of completeness, 
deep layers of the Unconscious. Those who 
doubt this assertion should read the account 
of the celebrated H616nc Smith, given by 
Flournoy, Professor of Psychology at Geneva, 
in his book, Des Indes d la PlanHe Mars. 
H^l^ne Smith was not only an outstanding 
medium, who was perfectly genuine and 
believed in the literal truth of her control and 
its utterances, but one of the very few 
mediums who have consented to a thorough 
scientific investigation. She had visions, 
automatic writing, auditory hallucinations 
in which she heard messages or even whole 
poems, and trances in which a roniantic 
and benevolent “ spirit,” who called himself 
Leopold, was thjC control. Among other 
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revdations made by him was one of^the 
conditions of life on Mars, including a 
detailed account of the language of the 
inhabitants. 

Flournoy analysed this language and 
showed that it was all composed of European 
word-roots, mostly French — the language of 
Mile. Smith herself. He was also able, by 
a careful analysis, to trace the genesis of 
Leopold to an incident in Hdene’s child- 
hood, when a strange man of striking appear- 
ance came on the scene in time to save her 
from the attacks of a big and savage dog ; 
and his memory was invested with all sorts 
of ideal qualities by the girl. And the 
stories which were heard by Mile. Smith, 
or told by “ Leopold ” — some of them long 
and florid romances— were just what one 
would imagine as the products of the romantic 
side of a rich personality which the exigencies 
of life (she was employed in a business) 
had forcibly repressed. 

§ 10 

Neurasthenia 

Let us turn now from these aspects of 
dissociation to another type of mental dis- 
order, which occurs where dissociation is 
not achieved. All minds are not equally 
prone to dissociation. Some are so close 
knit that they are unable to keep apart 
even the most violently discordant groups 
of ideas. And then open conflict goes on. 

During the War there appeared a great 
number of cases of mental disorder of a 
non-inhibitory, non-dissociative type, which 
were at first classified as “ shell-shock.*' In 
pre-War days the psychological theories of 
nervous disorder were at a discount ; ortho- 
dox medical science preferred to look for 
its cause in physical damage or disorder in 
the nerve-cells. When a shell bursts close 
to a man the concussion may cause actual 
tiny haemorrhages from the blood-vessels 
of the brain, with consequent damage to 
the nerve-cells ; and at first cases of shell- 
shock were almost without exception set 
down to organic injury of this kind. But 
soon even the keenest upholders of this 
view found that the facts were against them ; 
in many patients no trace of haemorrhage 
could be found, and some severe shell- 
shock cases had not even been rendered 
unconscious by concussion. 

The main cause of the nervous collapse 
was then sought within the mind ; the 
shell-burst had set things off, not by means 
of its mechanical effects, but by working on 
the hidden springs of emotion. The old- 
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fashioned medical men, robbed of th 
comfort of a tangible cause, flew i,, the 
other extreme and accused all shell-shock 
patients of malingering. It is on ir. ord 
that one medical officer with the ruuk of 
general in the British Army declared roundly ' 
that every such case should be shot as 1 
warning to other shirkers and malingen rs. 

This view was not tenable for long-- 
indeed, it was really not tenable at all by 
anyone acquainted with the facts. The 
next stage was the admission that most 
shell-shock was mentally caused, but this 
was coupled with the assertion that it 
only occurred in men who were somehow 
below the normal level — in degenerates or 
defectives, in those of unbalanced mental 
constitution or unstable temperament. It 
was a stigma of inferiority. But this idea, 
too, had to be given up. Many of the 
sufferers were men of the highest type ol 
character and the most unblemished record. 
Whatever their weaknesses may have been 
— and everyone has some weak point in 
his mental organization— they were not in 
any way inferior. 

And meanwhile the misleading word 
“ shell-shock ” itself had dropped out of 
the medical vocabulary. It was recognized 
that these cases were essentially failures of 
inhibition. Their essence was continued 
unabating conflict because inhibition had 
no decisive power, and the ease with which 
excitations spread and circulated through 
the cortex meant that the antagonistic 
ideas and urges could be continually 
struggling with and chafing against each 
other. The neurasthenic types are the 
worriers, the anxious souls. Their conflicts 
were of the same general nature as those 
which lead to hysteria, but they do not 
end in hysteria. In part, this differeiuc is 
due to a difference in the circumstances ; 
a sudden shock helps the development of 
hysterical symptoms, while a less violent but 
chronic rousing of the conflicting impulses 
to renew their never-decided battle favours 
a neurasthenic outcome. But in the main 
the difference is due to inner causes, of 
temperament or of training. 

To the subject of innate differences 01 
temperament we shall return ; it merits 
a section to itself. Here we will only mention 
the significant fact that, while the percentage 
of mentally-caused disorder in the War vvas 
about the same among commissioned oflicers 
as among other ranks, there was nn»re 
neurasthenia nSlong the officers, mi»re 
hysteria among the N.C.O.’s and privates. 
Apparently the closer knitting of the mind 
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hich I'i^her education and public school 
bring about helped to counteract 
z tciKlrncies to segregation which a more 
“(ve and more rough-and-ready mental 

The neurasthenic patient grows thin, 
(Iretl, :nid, above all, worried. He knows 
there is something gravely wrong with him, 
but Inis not the satisfaction of the hysterical 
patient of being able to show any definite 
syrnploms which would justify his conviction 
of illness, and so he continues to reproach 
himself. The tradition of not giving in 
aggravates this feeling of self-reproach, and 
so docs the prevalent belief, openly expressed 
or lariily held by most laymen, that neuras- 
thenia is really all the patient’s own fault 
^whilc smallpox or a cold in the head is 
not, even if you have contracted it by 
neglecting obvious precautions). Depres- 
sion, even frequent dallying with the idea of 
suicide (though serious suicidal attempts are 
rare among neurasthenics), an awful con- 
viction of sin or uselessness or inferiority, of 
difference from normal, healthy people, a 
uearisorne difficulty in getting through one’s 
work, and especially in coming to a decision, 
a feeling that the mind is wearing thin and 
that the familiar self may fall through into 
a pit of mingled nothingness and hateful- 
ness below, and with it all a longing to 
escape from the invisible prison in which the 
spirit finds itself, but a feeling of utter help- 
lessness because the prison is one’s self— 
these arc some of the common symptoms of 
neurasthenia. 

The neurasthenic is a living battle-ground. 
Two sides of his nature are in conflict ; 
but instead of his being able to separate the 
eornhatants by suppressing one altogether 
as in hysteria, the dog-fight goes on and on. 
Sometimes a change of circumstances, tonics 
aud tangible hope may suffice to dispel the 
( onflict, but more often an analysis of the 
issue and a new outlook is needed. 

dhc War — cases of neurasthenia were 
usually simpler and more clear-cut than 
those of peace-time. The conflict often 
went on in the full daylight of consciousness, 
as in the earnest and religious young stretcher- 
bearer who, in spite of constant prayer for 
strength, was seized with uncontrollable 
fea r-^not fear of death, for he came to 
desire death as his only solution ; but just 
/ear— at every shell-burst. He came to sleep 
h'ss and less ; grew thinner ; became nervous 
ttud jumpy and distressed. The conflict 
t^ontinued — it became one between his 
t) hgious convictions and this irrational 
iaci of fear. 


Much more frequently there is a perpetual 
but unavailing attempt to be rid altogether 
of one of the rival sets of impulses. 'The 
conscious self is repressing them, holding 
them down, but circumstances arc always 
stimulating them, and they arise again, 
taxing the strength of the repressive ego ; 
and so the fight worries along at the boundary 
of Conscious and Unconscious. Often 
repression is successful during the day, but 
fails when the fatigued higher centres arc 
asleep. That was the case with those 
numerous men in the War who repressed 
their fears and their fear-arousing memories 
of battle, only to have them rush up again 
during the night in the shape of nightmare 
battle-dreams. 

A fact which throws a remarkable light 
upon the hidden springs of the mind is 
that severely-wounded soldiers very rarely 
showed any symptoms cither of neurasthenia 
or hysteria. Why? Because the fact of 
being wounded relieved the Unconscious of 
all need to invent excuses for getting away 
from danger ; because a wound, and 
especially a severe wound, brought to a 
sudden end the conflict between, on the 
one hand, repressed fear and worry over 
wife and children, and on the other, self- 
respect, the honourable claims of duty and 
the grip of military discipline. 

In peace-time, the problems that face 
men arc neither so violent nor so crude as 
those of war ; and when the neurasthenic 
state develops, it usually does so by a slow, 
creeping and complicated growth, with its 
roots in a hundred incidents of different 
periods of the past. 

§ II 

Repression and the Complex 

In our last two sections we have been 
speaking of hysteria and neurasthenia as 
if they were sharply distinct. So they are, 
when we are confronted with typical cases. 
But there arc all gradations between the 
extremes and many cases that combine 
symptoms of both sorts. 

This is what we should expect, since both 
kinds of disorder are the result of the same 
cause— -namely, an unresolved conflict. 
Hysteria and neurasthenia are two symptom- 
complexes, which differ from each other 
more because of a difference in the patients’ 
constitution and temperament than because 
of differences in the prime cause of the 
upset. In a similar way the same germ 
may cause no symptoms in one person, 
but may kill another. 
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When the nervous system with all its 
complexity is involved, symptoms can 
shif^ about in an extraordinary way. For 
instance, symptoms of eye-strain can manifest 
themselves as pain in the eye ; as head- 
ache ; as general tiredness ; or in the form 
of dyspepsia or other bodily disorders. 
The last is usually the case in men of strong 
powers of will and concentration ; they 
refuse, as it were, to allow themselves to 
grow tired and headachy— but the strain 
continues, and throws the nervous control 
of the intestines or blood-vessels out of gear. 

In the present section we will consider 
certain problems of neurotic disorder in 
general, paying attention more to the causes 
than to the various resulting symptoms ; 
and here we hope to unearth ideas of value 
not only as regards nervous disease, but in 
the conduct of everyday life. 

The centre of our interest will be the 
initiating conflict. Conflict is always there, 
but the conflicting impulses will differ from 
case to case. Sex trouble in one form or 
another is in peace-time at the bottom of 
most neurotic cases, as it is the basis of 
most peace-time novels and plays. The 
crude sex-impulse may be in conflict with 
romantic idealism, or with morality ; mature 
passion^ may be fighting convention and 
the desire to keep on good terms with the 
world ; the lack of outlet for a normal 
instinct may warp the old maid or the old 
bachelor ; every nuance of complexity 
may be touched in an unhappy marriage, 
where hate and love, physical attraction 
and repulsion, remorse and hope, selfish 
and social motives, the claims of personal 
life and of parental love and parental 
duty may all be mingled in a shifting battle. 

But any other powerful impulse may be in 
conflict with its opposites. In war, repressed 
fear was at the root of most neurotic cases. 
In peace-time the purely egoistic desires 
for success and prosperity may come into 
collision with the social impulses of altruism. 
The resulting conflict may be very severe ; 
an outlet from it which is not infrequently 
taken advantage of, especially by sensitive 
and high-minded young men, is the cutting 
loose from the world and its claims provided 
by a religious vocation. 

So, too, the will-to-power may come into 
opposition with the rest of the self. And one 
impulse may be mixed or seasoned with 
another in every degree and every com- 
binadon. The struggle that leads to a 
religious vocation is usually not with worldli- 
ncss alone, but with sex as well. The will- 
to-power may take sides in a sexual conflict, 
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or fear and idealism may be blended with 
remorse. 

If the conflict stays unresolved and < 
neurotic nympto^, ^en the more 
sufferer is of the hystencal type and inclined 
to diMoaation, the more Ukely are definite 
specific physical defects to be substimted 
for mental discomfort ; while if he is of 
the ncur^thenic t^, the existence of the 
conflict (in addition to causing diifuse 
physical symptoms like weariness and irrita- 
bility, giddiness, sweating, queer sensations 
in the pit of the stomach, or irregularities 
of heart-beat) will issue chiefly in mental 
symptoms such as sense of guilt, fear of sin, 
feelings of self-disgust and inferiority, of 
depression and lack of energy, of gloomy 
helpless struggle and humiliation. 

In general, psychologists agree that the 
more an unresolved conflict is shoved out 
of sight into the Unconscious, the more 
serious are its resultant symptoms likely to 
be. The skeleton, when put away in the 
cupboard, comes to life and acquires new 
power. The reason is not far to seek. By 
being made unconscious, the conflict! ng 
impulses arc debarred from access to the 
higher conscious levels of mind, cut off from 
reflection and deliberation, from rational 
purpose and will. But they are still seeking 
an issue ; and as they arc cut off from reason, 
they adopt the more violent and more 
primitive methods of the irrational, which 
resemble those of the animal or the child 
much more than those of the adult human 
being. 

We have already seen how the Unconscious 
of hysterical types seizes swiftly and cunningly 
on chance accidents and turns them to its 
own ends ; and we have also seen how un- 
satisfactory in the long run arc the solutions 
thus brought about. We will give one or 
two further instances of neurotic symptoms 
to show how a repressed conflict may work 
out. 


A common symptom is irrational fear of 
particular situations — what the psychologist 
calls a phobia. It may be a fear of enclosed 
spaces or, precisely the opposite, a fear of 
open spaces or of getting away from- a wall 
into the open ; a fear of water, of loud 
noises, of everything connected with the 
physical side of sex, of large animals, of 
cats. In practically every case, such un- 
controllable and irrational fears can he 
traced back to some incident, usually in 
early life, the Mmory of which has been 
repressed. W. HI Rivers gives an account 
of an interesting case of lus. A doctor m 
the early prime of life suffered occasionally 
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from stammering and nervousness ; »and 
w-henev cr he was in a narrow enclosed space 
he had a feeling of unpleasantness and dis- 
comfoit, often of actual fear. As he had 
experu need this ever since he could remem- 
her, he thought it was a normal trait which 
he shared with the generality of the human 
race. In the War, living and sleeping in 
dugouts brought his horror of narrow spaces 
to a head, and often forced him to spend 
his nights in the trenches rather than sleep 
in the safety of the dugout. At last he 
realized that this fear was something abnor- 
mal. He grew more and more nervous 
and he had to be sent to hospital, suffering 
from severe stammering, headache, and 
depression ; he either could not sleep or, 
if he slept, had terrifying battle-nightmares. 

Rivers got him to write down his dreams 
and try to recollect any incidents of early 
life, which they recalled. He eventually 
recalled an incident which took place before 
he was four, and seems to have been the 
origin of his morbid fear. He had gone 
alone to the house of an old rag-and-bone 
man who used to give the children a half- 
penny for various objects they picked up ; 
and on his way out, which lay through a 
dark, narrow passage, found the street door 
shut. He was too small to open it ; and at 
the same moment a large dog at the other 
end of the passage began to growl. 

As he recollected the incident, the memory 
of his childish terror came vividly back ; 
but from that moment on the irrational 
fear of closed spaces became very much less, 
and his general condition improved. Pro- 
bably he had been forbidden to have any- 
thing to do with the old man, and his 
guilty conscience saw to it that the memory 
of the fear was repressed. He remembered 
that ever afterwards he had been afraid 
even to pass the house. 

The feeling of guilt is the commonest 
cause of repression. An act is over and 
done with ; it cannot be undone ; and yet 
we know it was wrong and wish it undone. 
Instead of facing things out, we try, in the 
terms of the moralist, to stifle the pricks of 
conscience — to forget the heavy sense of 
guilt. But the sense of guilt may be associated 
with any kind of action. In the case just 
quoted, the guilty act was an act of dis- 
obedience to parents. It may be murder, 
and spring from the lust for power, as with 
hady Macbeth’s crime. It may be sexual 
transgression, real or imamnary, as is very 
hequendy the case with boys and girls of 
a rather idealistic type during their adoles- 
ence. Such repressions ate apt to work put 


in uncontrollable motor impulses, either 
irrelevant to their cause or symbolically 
^ociated with It. Shakespeare seems to 
have heard of such a case and used it in 
his invention of Lady Macbeth’s sleep-walk- 
ing gestures. 


Some mental patients are constantly 
washing their hands and displaying an 
exaggerated regard for cleanliness which 
may become so excessive that they have 
to be certified insane ; this, as with Lady 
Macbeth, symbolically expresses the desire 
to be rid of guilt’s uncleanliness. And as 
sexual offences are commonly regarded as 

dirty,” this ritualistic washing is frequently 
the result of sexual escapades. 

Besides such direct symbolizations the 
Unconscious may make use of other mental 
mechanisms, such as simple association. 
An impulse which is thought of as guilty 
or shameful seeks and finds expression ; 
we strive to repress its further activity ; 
we succeed in blotting out the memory of 
the guilty incident — but only by switching 
the impulse, so to speak, from its normal 
outlet on to something else which happened 
to be associated with that moment of intense 
experience. This is especially common with 
the sex impulse, and results in what is 
generally called sexuaJ fetishism^ where the 
most heterogeneous acts or objects are found 
to give some degree of sexual excitement and 
pleasure, and the normal attraction of the 
opposite sex is correspondingly weakened. 
There are men who form collections of 
women’s boots or, a common police-court 
case, find themselves driven to cut off the 
pigtails of young girls. 

These facts throw a vivid illumination 
upon human motives. For one thing they 
show how futile it is to interpret human 
acts in terms of reason or advantage, or of 
a balance-sheet of pleasure and pain. This 
sort of mental accountancy, which the 
utilitarian school of Bentham and Mill 
brought into vogue in the middle of last 
century, is too rational ; indeed, the whole 
philosophy of utilitarianism is one gigantic 
rationalization — it invents polite and logical 
reasons to account for the workings of obscure 
and irrational impulses. In our conduct 
we may be partly guided by reason, but we 
are not impelled by it. We arc pushed and 
shoved by impulses and strivings which 
have nothing to do with logic, whose end 
and aim is not pleasure but expression in 
action. 

It is widely believed among psychologists 
that many repressions may, so to speak, 
inake a d^al with the repressive forces and 
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find relief in an ennobled form. This they 
call sublimation. Artistic and literary gratifi- 
cations are considered by these authorities 
to be sublimated repressions. The sub- 
limated sexual impulse they think may 
have given the world many acts of devotion 
as wdl as poems and works of art ; the 
will to power may have been sublimated 
to help in scientific discovery and the creation 
of great works of art. And so on. But 
this attribution of intellectual and aesthetic 
achievement to sublimation may easily be 
carried too far. There has been extra- 
ordinarily little repression in the lives of 
many great artists and thinkers to account 
for their achievements. It is questionable 
if sublimation, as thus defined, can be 
treated as anything but an extreme type of 
symbolization, or whether it can be credited 
with more than a little amateurish art, 
writing, research, or devotion. 

So far we have made very little use of 
the term “ complex.” Its definition will 
introduce nothing really new to the reader 
§§ 4> 5> ^ this chapter. It is 

typically a mental system coloured with 
emotion, connected with some instinctive 
urge, linked up with an organized set of 
associated ideas and in conflict with the 
more dominating system of the mind. So 
it is more or less repressed. It differs in 
degree rather than in nature from a secondary 
personality on the one hand and a simple 
repressed impulse on the other. It never has 
the importance of a secondary personality ; 
the main personality is affected by it but 
remains in control. 

Among all the troubles of mental develop- 
ment, the formation of repressed complexes 
is the commonest. One might almost call 
it the normal experience, since different 
sides of the self arc almost bound to come 
into conflict during development, and un- 
reasoning repression seems often the simplest 
way of dealing with such a conflict. It 
is the method to which children or 
young people resort very readily. The more 
effective the repression the less the normal 
conscious self knows about the repressed 
side of his nature, though it is still active 
and still influencing him ; but at the same 
time, the more independent and active the 
complex becomes. Furthermore, the more 
the complex is cut off from the main con- 
sciousness and reflective reason, the more 
devious, primitive and irrational the ways 
in which its pent-up energies force their way 
into action — until in the extremer cases we 
get hysterical paralysis ; irrational fears, 
compulsions, fetishisms ; the power of dc- 
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cisien brought to a standstill ; or a hidrJon 
sense of guilt undermining the entire 1. i,ri( 
of self-respect and self-confidence. 

The discovery that such repressed of 
mind exist and continue to act in the Un- 
conscious is one of the great achievements 
of modem psychology; the resolution of 
insurgent complexes is one of the main tasks 
of psychological medicine, while their 
prevention should be a prime aim of educa- 
tion. 

In concluding this section, we will draw 
attention to one property of the iiiind- 
systems out of which repressed complexes 
spring. They arc one and all invested with 
a double quality of simultaneous attrac tion 
and repulsion. This is, if you like, anothei 
way of saying that they are fraught with 
conflict, for conflict will only arise when one 
part Of the self desires, another part dislikes 
or is disgusted ; but the fact is so important 
that it deserves stressing. This double 
quality, positive and negative in one, has 
been called ambivalence. Normally animals 
can suffer little from this double-edged 
attitude of mind, because they live so much 
in the present and have so little capacity 
of reflection or recollection. The germ of 
it is present in them, however, and can be 
brought into prominence artificially, as in 
Pavlov’s dogs, which suffered from neuras- 
thenia and hysteria because they w'cic 
subjected to conflicting impulses. But in 
man, matters are far more elaborate ; and 
when we begin to reflect, we realize whai 
a part is played by ambivalent systems ol 
feeling in the development not merely ol 
every individual one of us, but also of tiie 
most deeply ingrained human traditions. 

Whole tracts of our own nature may 
come to have this quality. The sex-impuKc 
is the most obvious case in point. It is 
very common for adolescent boys and gids 
to combine passionate urgings of thcii 
sexual instinct with fear and disgust at the 
idea of its physical manifestations ; and 
this attitude may continue into adult life. 
But in the same way the urge to powe r 
and self-expression may become tinged 
with ambivalent feeling, and an explosive 
mixture of self-assertion and self-deprecia- 
tion result. 

Or particular objects or ideas may become 
thus charged, as it were, with contradictory 
feeling. The attitude of children to parents 
is the most familiar example. The bov 
loves and respects his father. But thr 
father is th?*^ source of punishment and 
prohibition as well, and the boy is fiightened 
of his anger and galled by his authority. 
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Hr loves, fears, admires, and dislikes all 
in one. Hence, frequent cases of difficult 
children who improve enormously on being 
j;ciii to school. And. there is every nuance 
according to sex and temperament and 
ciicumstances of parent and child. Wife 
or husband may become similarly double- 
cliarged with the electricity of mental life. 
Physical attraction and satiety, the desire 
for' stability and the irritation of being 
lied for life, real affection and the friction 
of daily domesticity— these and many other 
pairs of impulses may be at work charging- 
up the ideas centred on the marriage-partner. 
In extreme cases, there may be the most 
violent oscillations between passionate love 
and wild hatred ; or the positive and negative 
may be locked in a continuous, indecisive, 
and exhausting struggle. 

Many religious ideas are similarly double- 
charged. In most religions love and fear 
are intimately blended in the attitude 
towards the god. In ^ more primitive 
religions, it is rather objects and persons 
that are ambivalent, and they become 
ambivalent in a special way to which the 
epithet tabu is given. Something or some- 
one — a king, a place, an action, an object 
— is regarded as both sacred and forbidden, 
often almost unclean— both revered and, in 
certain aspects, abhorred. As one anthro- 
pologist has put it, there are two kinds of 
holiness or sacredness to primitive man, 
good-holiness and bad-holiness ; and both 
are combined in what is tabu. Many of us 
can recall a similar ambivalence in our own 
early struggles with religious propositions, 
and the history of Manicheanism seems to 
present that indecision on a gigantic scale. 

§ 12 

Psycho-analysis 

The repressed complex in one or other 
of its protean forms is at the root of most 
neurotic disorder. Different methods of 
getting at the peccant complex and eradicat- 
ing its symptoms have been used. Sugges- 
tion under hypnosis was for long the chief 
deliberate method of attack. Its usual 
<iltematives were to send the patient a long 
sea-voyage or give him a rest-cure. But 
^vhen the root of the mischief was in a 
deep-seated and long-continued conflict, 
the voyage or the nursing-home would 
often give renewed opportunity for the 
conflict to rage without interference from 
outer claims ; and the last state of the 
patient was worse than the first. Even if 
the rest did benefit the patient, in most 


cases it only cured effects and left the cause 
unaltered. And the same objection applied 
to hypnotic suggestion ; it often removed 
symptoms but did not touch the cause, 
which sooner or later broke out in new 
effects. 

In the War, many cases of shell-shock 
were successfully treated by another use of 
hypnotism. When it became clear that 
the patient’s neurotic state was due to some 
violent shock of horror, disgust or fear, the 
terrifying or shameful memory of which he 
was suppressing, hypnosis was employed 
to recover the lost memory. We have 
given several examples of this, and of how 
the recovery was often difficult and accom- 
panied by deep-seated resistances ; but once 
recovery was accomplished the symptoms 
generally disappeared. This “ blowing off ” 
of symptoms and cause in one blast of 
remembered emotion is sometimes called 
“ abreaction^ There is no doubt as to the 
efficacy of the method ; but it has its 
limitations. For one thing, abreaction alone 
may merely cure a particular incident of 
mental breakdown. The man became 
neurotic because of a terrible experience— 
but in most cases also because of some inner 
conflict which was the opportunity of the 
experience. When the conflict has been 
long-continued and severe, abreaction alone 
will not cure it ; the man goes back to the 
trenches apparently healthy, but receptive 
soil for the next violent shock that is to 
befall him. 

In the neuroses of peace-time there is 
often no single experience from which the 
patient’s illness dates ; usually the conflict 
itself becomes gradually more acute ; and 
the complex grows by feeding on the ex- 
periences of years. 

Persuasion and waking suggestion have 
also been used ; but they too often fail to 
reach the true cause of the complaint. 
During the present century, the method 
known as psycho-analysis has come into 
ever greater prominence. 

Historically, the method of psycho- 
analysis grew out of the method of abreaction, 
which was discovered by Breuer (^^42*’ 
1925) in 1880. Towards the end of the 
nineteenth century Sigmund Freud became 
associated with Breuer in developing the 
method. Later, Freud, pursuing the subject 
by himself, became progressively more 
dissatisfied with the results of abreaction 
alone, and came to place more reliance on 
analysis. The first method which he adored 
was the method of “ free association. Tne 
patient in this method is asked to make his 
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mind as relaxed and blank as possible, and 
then to tell his physician everything that 
comes into it, following out the chain of 
association whithersoever it may lead him. 
If this be practised, it is found that associa- 
tion repeatedly leads the patient along 
certain roads of thought which are then 
suddenly barred by a resistance, a reluctance 
often so strong as to be a veritable com- 
pulsion to stop. Freud was the first to 
ascribe such resistances to their true source 
— in repressed shocks, memories and desires 
buried in the Unconscious. By encouraging 
the patient to go on or to start again, such 
resistances may be gradually broken down, 
and not only will abreaction be brought into 
play, but the patient will have had the root- 
causes of his disorder made clear to himself, 
the hidden working of his own personality 
laid bare. Analysis, at its best, results in 
ruthless self-knowledge which should auto- 
matically lead on to conscious self-discipline. 
Freud soon came to supplement free associa- 
tion by the analysis of the patient’s dreams. 
And in the subsequent quarter of a century 
various improvements, or at least elaborations 
of method and of the ideas behind the method, 
have been introduced. 

In former ages dreams were considered 
to be of the utmost significance in life and 
simple people have always believed them 
to have a prophetic and warning quality. 
But the disposition of psychology up to 
the time of Freud was to belittle their im- 
portance. To him and his associates we 
owe our modern realization of their great 
symptomatic value. Essentially a dream is 
the appearance between sleeping and 
waking of an uncriticized and uncontrolled 
flood of associations. Repressed complexes 
get an opportunity in these unwary phases 
for more or less complete expression before 
the normal self is fully reconstituted and 
alert. They reveal themselves, albeit often 
dis^ised, distorted, and symbolized, to the 
trained observer. 

The War brought home very forcibly the 
need for proper treatment of mind-disorders ; 
and in the last ten years there has been an 
extraordinary development of psychological 
methods for the treatment of sick minds. 
Tlie main trends in that development have 
been the recognition that in psycho-analysis 
and the ideas behind it Freud had placed 
a new tool of the utmost value into the hands 
both of science and of medicine. His 
initiatives have been followed up with 
passionate zeal by a number of disciples and 
rivals. It is a manifestation of the vigour 
and richness of this new department of 
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inquiry that it should develop wide divw 
gences of cmuiion and that the master should 
prewnUy find himself under the sean hing 
cnticism of his livelier followers. Hi 1 ted 
controversies ensued and dissentient s( Ii.k)1s 
of pycho-analysis arose. The best-kuown 
of the seceders are Adler and Jung, who left 
the Freudian movement in 19 ii and iqio 
respectively. ^ ^ 

Freud has consistently maintained that 
sex was the great motive force in all sub- 
terranean conflicts of the mind. The civil- 
ized human being has repressed and delayed" 
the sexual impulse beyond any animal 
precedent in the interests of educational 
development and social peace. His social 
life and his sexual life are in necessary 
conflict. There Freud is borne out by 
contemporary anthropology (sec Book 9, 
Chap. i). But Adler would replace the 
sex-impulse very largely in his interpretations 
by the will-to-power. And there he also 
has anthropological support. The human 
animal has not only a retarded adolescenc e 
but a lost independence. Self-assertion 
rather than sexual desire is for Adler the 
main suppression. But after all, sexual 
exercise is one main form of self-assertion. 
It is evident in his writings that Freud uses 
libido^ his term for the sexual impulse, in a 
sense much wider than most of us would 
attach to the word sexual. The quanel 
with Adler may be to a large extent termino- 
logical. Freud’s interpretation may be the 
justcr for some races and types, and Adler's 
for others. Freud admits that the bulk 
of his cases are drawn from prosperous 
Viennese Jews. 

Jung, however, goes further. He has 
enlarged our notion of the Unconscious. 
He finds in it not merely our conflicts and 
repressed desires, but also the souite 
of our inspirations and higher impulses, to 
make it, in the coarse, regrettable, but 
illuminating words of an anti-Freudian critic, 
a well-spring, not merely a cess-pool. That 
is to say in decent language Jung fipds it 
much more than a dump of repressions. 
There is, he asserts, an Unconscious 
“ already there.” That idea, as we shall 
see in a moment, is a very considerable 
extension of the Freudian Unconscious. 

Let us define the conflicting views a little 
more exactly. The orthodox Freudian 
asserts that we all of us pass through a phase 
of infantile sexuality, in which every sensory 
gratification be it suckling or tickling, is iii 
essence sexual. This is manifestly stretching 
the meaning of the word sexual. He claims 
al$o that we all nonnally acquire an ** (Edipus 
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corn] lex” in early childhood. (Edipus, it 
l>c remembered, imwittin^ly killed his 
own father Laius, and married his own 
motlicr, Jocasta. The Freudian view is that 
even boy passes through a phase when he is 
stiru tl by a sexual attraction towards his 
inoilit r, a sexual jealousy of his father, and 
that the reverse arrangement holds good 
for gills. This attitude ma||^ complicated 
and modified and varied in many details, 
l)ut the basic principle, Freud asserts, is 
always traceable. There is always a conflict 
and restraint. The passage through this 
phase in development and the conflicts 
which it inevitably engenders, leave indelible 
marks for good or ill on the personality. 
Out of this primary conflict emerges the 
riormcfl self, shorn of the primitive possi- 
bilities of incest and parricidal violence. 

The Freudians claim that the Unconscious, 
wliich, as we have pointed out, necessarily 
thinks in symbols, does so in forms that are 
almost universally the same for everyone, 
d'lu y give a list of things which symbolize 
sc\, and it is an amazing list. Nearly 
everything in the world, it seems, from a 
church steeple to running water, possesses 
sexual significance in the human mind. 
With a Freudian dictionary of symbols, 
the practitioner, they claim, can, as it 
were, translate the contents of dreams and 
the ideas thrown up in free association and 
give them meanings which must remain 
unsuspected by the patient until he has 
conquered his resistances. There is an 
element of truth in this conception of sym- 
bolism, but it seems to the present writers 
that the Freudians — who frequently seem 
to outdo and caricature Freud — carry this 
too far and make it too definitive. 

Latterly Freud has shown a disposition to 
define the operative aspects of the mind more 
exactly. He divides it up into an “ Id ” 
which is the whole reservoir of impulsive 
reactions, the Ego which is the superficial 
layer of the Id in conscious contact with 
realili^^ and the Super-ego which in man 
(and man alone) is developed out of the 
Id ; it represents the repressions of instinct 
characteristic of man and dominates the 
Fgo. This Super-ego or moral or ideal self 
is first evoked, he asserts, by the conflict 
of the (Edipus complex. It will be convenient 

return later, when we discuss, conduct, to 
tills question of the interacting parts into 
'V Inch the mind for the purposes of an analy- 
sis of conduct, can be divided. 

Adler has opened up a very valuable 
variation of psycho-analysis by stressing how 
the sense of inferiority, from which so many 


human beings suffer in their early years, 
produces by over-compensation an exag- 
gerated or even abnormal desire for success, 
power, and accomplishment. I'he mere 
fact of being a child, forced to obey the 
prescriptions of its elders and confronted 
with the task of learning all about the world 
and the conduct of life in a few short years, 
in itself conduces to a feeling of inferiority ; 
the failures to achieve must always be so 
many, the thwarted sense of helplessness 
in face of superior authority is inevitably so 
often aroused. And if to this be added 
strict and uncomprehending parents and 
teachers and an ambitious but over-sensitive 
nature, the conflict between self-depreciation 
and self-exaltation is almost inevitable. 
Many young men whom their elders stig- 
matize as conceited and pushing have been 
forced into this attitude by the conviction 
of their own inferiority which was imposed 
on them in early life and which they are 
trying to stifle in the depths of their Uncon- 
scious ; it is a protective covering of their 
own inferiority-complex. 

^Jung has attempted to do fuller justice 
to the complexity of the mind than either 
of his rivals. For him, it is a general urge 
of life, rather than the particular urge of 
sex or of mere self-assertion, which drives 
us on towards finer adaptation and fuller 
satisfactions. He undermined much of the 
Freudian analysis by pointing out that, 
even if we discovered some infantile “ cause ” 
of adult conflict, it was rarely likely to be the 
whole cause. For, once conflict comes 
into being, any later clash of impulses is 
likely to be drawn into the existing battle ; 
and any new repressed impulse, even if 
different from the old, will almost always 
form an alliance with its fellow rebel. In 
Dr. Prince’s Miss B (§ 6), when she fell in 
love, the .repressed sexual impulse took sides 
with the worldly or selfish impulses repressed 
in earlier years. 

And sometimes, Jung argues further, 
another step may be taken, and the new 
experiences may come to colour the old. 
Physical sex-impulse repressed in adolescence, 
for instance, may come to be projected 
back and colour some incident of childhood 
which had to do with mere childish curiosity 
about forbidden, but not necessarily sexual, 
things ; or sex may come retrospectively 
to colour the child’s inferiority-complex 
and project a tinge of sexual jcaloiwy into 
his simple envy of the grown-up size and 
strength of his father. Thus when Freudian 
analysis discloses an infantile complex, 
it may have really discovered a marc’s 
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nest, a chimsera manufactured by the 
patient’s own mind in maturer years. 

For this and other reasons, Jung depre- 
cates a too exclusive concern with the patient’s 
individual past. Knowledge of the past is 
often necessary to understand the present ; 
but it is the setting, of the patient’s mind at 
the present moment which is important for 
his future cure. One final point on which 
Jung has done great service is in stressing 
the innate differences between human beings 
in their ways of thinking and feeling and 
reacting. If we would understand a man, 
whether as personality or patient, we must 
pay as much attention to these as to external 
incidents of life. 

Finally, as we have noted, Jung claims 
that there is a racial as well as an individual 
Unconscious. Some of the Unconscious 
was always there. He has adopted a quasi- 
Lamarckian view of mind, maintaining that 
in the Unconscious there is a store of racial 
memories, laid up in the course of genera- 
tions as what he calls Archetypes or primor- 
dial images. It is these Archetypes, he 
supposes, which form the basis of dream- 
symbolism and of mythology and religion as 
well. 

With such secessions and rivalries among 
the schools of psycho-analysis, many of the 
acerbities that characterize sectarian con- 
troversy have appeared. Psycho-analysis 
can easily become a controversial weapon 
and the dignity of science has been waived 
for the amusement of the vulgar. Some of 
the Freudians have accused Jung of genteel 
dismay at the revelations of univei*sal 
sexuality which psycho-analysis was making, 
and to have shrunk timidly and unscienti- 
fically from following out the conclusions 
to be drawn from his work ; while they 
account for Adler’s “ Will to Power ” by 
hinting that this is what one would expect 
in an ambitious Jew. On the other hand, 
Jung has ascribed Freud’s constant preoccu- 
pation with the “ father-complex ” to his 
Hebraic ancestry and the attitude of his 
race to their jealous god, Jehovah. But the 
psycho-analysis of a thinker does not neces- 
sarily destroy the validity of his thought. 

We have dealt thus explicitly with these 
rival schools of thought, because their 
differences still bulk very large in current 
discussion. But we may confidently expect 
that, when the current edition of Th Science 
of Life appears twenty-five years hence, 
the whole controversy, between Freudian, 
Jungian, Adlerian, and other brands of 
psychologists will have been relegated to 
the attics of scientific history. Each party 
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is making its contribution to truth, and 
partisan psychologists are already dr.i.infj 
impartially on all those divergent explnie,x 
in the field of psychological obscrvati(; , for 
a more solid edifice of theory. Let not 
our criticisms seem to be a depreciation 
of their work or, above all, a bclittk nu nt 
of Freud. Sigmund Freud’s name is as 
cardinal in th^history of human 
as Charles Darwin’s. These psycho- 
analysts, under his leadership, have ciJ aicd 
a new and dynamic psychology, one that 
thinks in terms of activities and strivin^^s^ 
of impulses and conflicts, in the place of i 
flat and lifeless picture of mental states. 

If the facts of hypnotism first demonstrated 
the existence of the Unconscious, it is tin- 
psycho-analysts who have shown its extent 
and its importance in our daily life, in 
sickness as in health. They have made 
the study of dreams a valuable and miei- 
esting branch of psychology, have shown 
the connection between the methods of 
thinking found in primitive peoples and 
those adopted by the Unconscious, d'hey 
have rightly stressed the frequency of 
regression, the mind’s return backwards 
to the past and its simplicity, the need of 
attaching due weight to apparently trivial 
slips and to foolish symbols, the importance 
of hesitations and other impediments to tlie 
free flow of thought in unveiling the hidden 
complex hedged round with paralysmi^^ 
resistances. It was they who first stressed 
the principle of abreaction ; they drew 
attention to the important idea of suh- 
jimation whereby impulses directed to a 
lower activity such as physical scx-graii- 
fication can be harnessed to other and highei 
aims. If the Freudians have overstated 
their case in dealing with the (Edipus com- 
plex, they drew much-needed attention to 
the fact that the child’s relations to his fathei 
and mother are amongst the most fruhlul 
sources of troublesome repressions and 
conflicts in later years. 

Last, but not least, they have largely 
helped us to understand the truth (so hard 
at first to grasp) that neurotic disorder is in 
its essence purposive. The symptoms, how- 
ever much distorted by repressing foices, 
however poorly adapted to their aim, do 
represent an urge towards adjustment in the 
repressed Unconscious. It is a striving in 
perplexity. 

§ 13 

Minds^Out of Gear and In Gear 

Insanity is not a definite disease like 
measles ; it is merely a convenient term 
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,^er ich are lumped the disorders of a 
^cat ni.uiy sufferers, whose only common 
Lure is that the workings of their minds 
are so cliiierent from those of other people, 
and so divorced from reality, that it is 
jinpossiblr or dangerous to try to carry on 
the business and the social intercourse of life 

with them. 

Certain types of insamty recur over and 
over again ; the science kflown as psy- 
chiatry lias classified them, and the psy- 
chologioal and medical researches of the 
last halfd entury have helped materially in 
our understanding of them. In the Middle 
A,(,fcs the people we now label insane were 
thought of as possessed by good or, more 
usually, evil spirits. In the “ Age of 
Reason,” the eighteenth century, they were 
thought to be suffering from a disease of the 
reason which put them beyond the pale of 
ordinary men and women. The claims of a 
society alone were recognized, and when the 
lunatics were loaded with chains and herded 
into filthy prisons, society congratulated 
Itself on iiaving done its duty. To-day, we 
realize that the insane person is a human 
l)(‘ing like ourselves ; his insanity may be 
the result of deficient heredity or some 
physical disease, or due to the abnormal 
eviggcratiori of some quite normal trait 
of human mind. Our treatment of them 
has correspondingly changed ; indeed, it is 
one nf the ironies of our civilization that many 
lunatics, could they but have enjoyed all 
tiieir life the attention and the healthy 
conditions of existence which they find in the 
asylum, would never have become mad. 
hcl us imagine that we are being taken 


by a stomach-tube : but i • 

of general paralysis of the insane. I his s ‘ 
sequel to infection with the germ of h Ik 
and Its symptoms are generaf decay olU'ldv 
and especially of brain and mind. Alxnii 

fromTt.^''"^ 

Patient was 

healthy ; hen he began to fail in the normal 
affairs of life ; he forgot all the odds and 
ends he ought to attend to ; his judgment 
grew unpaired; he thought he Lt S 
and began treating everyone with indis- 
criminate generosity. His capacity for doing 
simple arithmetic failed (long before his 
powers of general reasoning). His control, 
^ well as his judgment, grew impaired ; 
he neglected all his duties in order to go to the 
races on every possible occasion, and began 
making the most absurd and ambitious 
collections. It was then his relatives had 
him put in the asylum. There lie grew 
worse, until finally his delusions and his 
normal human desires disappeared one by 
one. You can watch his behaviour going 
to pieces as the spirochactes rot his brain. 
Finally, even the power of speech and the 
instinct to walk will disappear, and he will 
revert to the condition of a very dirty baby. 

It is this condition which, as we have seen, 
may often be ameliorated and its further 
progress arrested by infecting the sufferer 
with malaria. It is an object-lesson in the 
interrelation of mind and body, and shows 
us how even when slow physical degeneration 
of nerve tissue is the prime cause of mental 
derangement, the mental architecture is 

I 1 j • .1 1 I- . 
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round a big asylum, and that one of the me mcmai arcniieciure is 

iiK'dical staff is pointing out to us examples broken down in the reverse order from that 
^ the different main types of insanity and in which it was built up ; the highest 
t'xpbiining their history and origins. Over faculties go first, the simplest instincts and 
jUid over again we shall be likely to think reflexes last. Higher control disappears 
low easily we might have overstepped early; and its loss manifests itself equally 
oie borderline of sanity in the same way ; in every sphere of mental life — the logical 
but for accidents -of heredity and cir- intellert refuses tn wnrk nmnerlv 


cuinsiance, we might be the lunatics and 
^ki^y the normal human beings. Here we 
K a wretched man living the life of an 
imbecile and paralysed baby.^ He cannot 
mo\'c his limbs ; his mind is a blank ; 
i^onirol over his bodily functions has disap- 
ed ; little remains of his behaviour 
mt the almost reflex action of taking food 
II a spoon is put to his lips. The doctor 
us that he will eventually lose even this 


intellect refuses to work properly, repressed 
desires can manifest themselves in delusions, 
the capacity for decision and action is 
impaired. 

Near by is another case of a baby’s 
behaviour in a grown-up body. And here, 
too, the prime cause is purely physical ; 
the condition is very different from that of 
the general paralytic because the patient 
has always been like this — his defects are 

congenital. He can understand a few easy 
1 .. ... 1 1 • 1 /' % • 


vAo tuai lie wui cvcniuauy losc even mis uuiigcmtcii. nc uaii uiiucusianu a lew easy 
^multy and will die of starvation unless fed words, but cannot speak himself ; his 
■ 'l'h«eca.e,are.akcnfromthework,ofKracpeUn, behaviour is ia every way grossly subnomal. 
'schmer, Jung, Bleuler, McDougall, and Bcraard “ ^e were able to examine his brain-tissue 

after death, we would, in all probability, 
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find that the outer layers of cells in his 
cerebral cortex were detotely undcr- 
dcveloj>cd. He is a congenital idiot ; ^ he 
has never had any mind worth mentioning. 

Idiocy and imbecility may be caused by 
the most varied influences — any influences 
that retard or prevent the proper develop- 
ment of the cerebral cortex. Toxic poison- 
ing before birth, injuries at birth, water on 
the brain, and especially the inheritance 
of certain defective genes, are perhaps the 
most important. Perhaps the most striking 
fact about the condition is that nowhere be- 
tween the grossest idiocy and the brilliancy 
of genius is there any sharp line to be drawn. 
The two extremes are connected by an 
unbroken series, via talent, ability, normal 
capacities, backwardness, mental defective- 
ness, mild imbecility. Some combinations 
of genes over-equip us for life ; others are a 
sad under-equipment. 

Here is another patient, who looks 
miserable and depressed. If you talk to 
him you will find that he believes he is 
eternally damned, for he is a renegade from 
the Catholic faith. He would like to 
commit suicide, were it not that he is sure 
of going straight to hell if he did so. His 
wiJI-power and his capacity for feeling normal 
emotion, he will tell you, have disappeared, 
together with his interest in the ordinary 
things of life. This feeling is the basis for 
his belief that he is damned ; for his soul 
feels already lost. When left to himself 
he sits alone and broods all day. Fear, 
misery, and self-reproach make up his 
habitual state. Before he was brought to 
the asylum his wife had scoffed at his 
religious beliefs, which he cherished at the 
back of his mind long after he had given up 
being a practising Catholic, and in this 
gloomy state the thought of her unbelief 
fills him with fear and horror. 

But this same man, the asylum doctor 
will tell you, will at other times be altogether 
different. There is then no sign of gloom, 
but he looks cocksure and confident ; he 
is bright-eyed and active — too active — ^with 
a running spate of talk. And his talk is the 
antithesis of what it was. He is now a 
thorough-going sceptic, and one who feels 
it his mission to destroy the superstitions of 
the credulous believers in revealed religion. 
What pleases him most is to get into religious 
controversy with one of the doctors or 
visitors ; the more distinguished hb opponent 
the better — he likes a focman worthy of his 
steel. But if he is thwarted, he flics into a 
violent passion ; and then you must look 
out that he does not smash up his furniture, 
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or attack one of the attendants. If hr> thinks ^ 
of his wife during this active violent phase i 
it will be to fly into a jealous passir)n on | 
account of her propensity for going out with = 
other men ; though while he was m the i 
melancholy phase it was impossible to arouse 
his jealousy at all. And at still othoi times i 
he ^1 be a normal human being for months ’ 
together, and can then be discharged from 
the hospital. 

He is what the psychiatrist calls a manic- 
depressive, a man in whom the exaltation 
and excitement of mania oscillates with the 
gloom and melancholy of depression. In 
one or other of its forms, the manic- 
depressive disorder comprises a very large 
number of asylum patients. It is one of 
the kinds of insanity which most often conics 
on and passes off again, leaving the patient 
normal between attacks. In its most inter- 
esting types, the depression and the excite- 
ment regularly alternate ; and then, a.s in 
true multiple personality, the actual physical 
make-up changes with the mental. In the 
melancholic phase, secretions are diminished, 
temperature is often a little subnormal, and 
the “ reaction- time,” or time needed to 
perform a simple voluntary action at com- 
mand, is slow. The reverse holds i'or the 
excited phase — secretions of all kinds are 
over-abundant, the pulse is rapid, the 
reaction-time is very short. Ihc attitudes 
adopted in the two phases arc, we should 
expect, very different ; a queer feature is 
that the maniac generally shakes hands with 
arm outstretched from the shoulder, tlu* 
melancholic only from the wrist, with arm 
drawn into the side. n r ^ 

In our round of the asylum we shall lind 
other cases who show only one of the two 
abnormal phases. Some are always de- 
pressed, and never pass into the excited 
manic state, while in others this is the only 
symptom of madness, and they never become 
melancholic. The chronic cases of either 
sort are very troublesome — the 
grows violent, abusive and destructive, tht 
melancholic must be constantly watchc 
to prevent attempts at suicide. 

What is disorganized here ? H b the 
faculty of self-criticism, which in its turn 
is based upon a proper b^ance of the impulses 
of self-assertion and its opp<»ite. In the 
normal man these two opp^ites are con- 
tinually at work; self-criticism and sober 

judgment are the outcome of their balance 
hostility. The machinery whereby one o 
the two irdipulses gets the upper hun 
completely is not yet filly understood, thoug 
it seems akin to that by which dissociation 
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fmcniories takes place* There seems to be 
0 mycbological method of curing established 
^ es beyond a certain point there is no 
^urn Vet it is clear that mania and 
llancholia are only exaggerations of what 
we may see in normal people. We all, even 
the most equable of us, have moods of elation 
and energy, of depression and self-reproach ; 
we may know them to be irrational, but they 
dominate us and our feelings. In the moody 
man these oscilladons are more marked ; 
and when circumstances or temperament 
aggravate matters still ^ more, the man 
becomes “ impossible ’* in daily life and 
must be shut up. Then there arc people 
who all their lives long show abnormal energy 
and self-assurance ; they are not maniacs, 
but the stuff of which maniacs are made. 
We envy them their untiring flow of hopeful 
activity- until we notice that their perform- 
ance does not keep pace with it. Self- 
criticism is painful, but it is necessary for 
real achievement. The activities of such 
“ sub-manics ” are not fully logical. When 
thiiv trait is exaggerated it passes o^er into 
the insane flow of ideas so characteristic of 
the chronic maniac, whose “ conversation ” 
is often a mere string of phrases held together 
by accidental associations, sometimes by mere 
associations of sound. 

So, too, we all know the gentle, slow, 
patient men who are half-way to melan- 
cholia ; they ar^ no good where speed or 
bluff or quick decision is wanted, but they 
arc often excellent at the routine work of the 
world. 

d hr maniac breaks out in rage at each 
trivial thwarting and may maim and slay. 
But have we not heard of choleric business 
men who tear the telephone attachments 
from the wall ? And has not the temper 
of the retired colonel grown proverbial ? 
The normal man with tendencies to melan- 
choly often commits suicide when circum- 
stances go against him. He differs from 
the melancholic who must be watched all 
the time, but only because the melancholic 
catches at ridiculously trivial pretexts for 
his suicidal attempts. 

Here is another patient of a different 
type. This woman has been in the asylum 
for many years ; for years she has spent all 
her walang hours sitting huddled in one 
position, continuously moving her hands and 
arms in a peculiar stereotyped way. These 
tnovements turn out to be an imitation of a 
Cobbler stitching boots. She cannot be 
made to utter a word, and never shows the 
Jeast interest in anything that goes on around 
h<T. She is completely shut up in her self ; 
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^cdol? compulsive 

history is simple ; slie was 
be married when her lover 
ke it off. As a result of the 
n passed into the state in which 
she has remained ever since. The youni’ 
man was a shoemaker by trade ; and the 
stereotyped movement as of cobbling shoes 
may be a symbol of her preoccupation with 
the hopes of love and marriage which cir- 
cumstances so violently destroyed. 

Usually, when inner longings come into 
conflict vvith hard reality, and the impulses 
from- which the longings spring can find 
no other outlet, it is the unsatisfied desire 
which is repressed or split off. But in this 
case it is reality which has been repressed ; 
the woman lives an inner life that is totally 
unreal. 

This loss of contact with reality is the 
most constant symptom of insanity. In 
mania and melancholia it is the emotional 
tone which is out of contact with reality. 

In this woman, reality is simply shut out 
from making any contribution to mental life 
and growth ; the particular way in which it 
is here shut out is by the sufferer turning 
inwards, as it were, and living a dream. 

This turning inwards into self and away 
from outer reality is the essential feature 
in a great number of kinds of insanity which 
arc now generally grouped together under 
the title of schizophrenia ^ or mind-splitting — 
the splitting being not, however, that which 
we have discussed as dissociation, but a more 
radical divorce between inner and outer, 
self and reality, wish and experience. 
And the most common of such disorders 
is that which is called dementia pracox^ pre- 
cocious loss of mind, in which the symptoms 
usually begin to appear about the time of 
puberty. The disorder generally first mani- 
fests itself in moodiness and depression, 
reluctance to work, over-preoccupation with 
self, long fits of day-dreaming now and then 
broken by emotional outbursts. Gradually 
the sufferers grow less and less interested in 
the world about them, sit idle and refuse 
to work, and develop delusions, fixed ideas, 
or queer actions. Like manic-depressive 
insanity, dementia prdccox is psychologically 
incurable once it is fully established. Once 
committed to an asylum, patients continue 
their progress towards imprisonment in self. 
The delusions, the dreams, and the actions, 
abraded, as it were, by constant repetition 
and not fed by new experience from without, 
tend to become more stereotyped and often 
degenerate into mere symbols, or hints 
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of their former selves ; until finally a large 
proportion of the patients sink into an 
apparent stupor — those cold lifeless ruins,” 
as Kretschmer calls them, ” who glimmer 
dimly in the comers of asylums dull-witted 
as cows.” Minds can degenerate through 
disuse even more radically than muscles or 
tendons. But even in these unfortunates, 
there seems always to be a nucleus of inner 
life, atrophied by disuse, but still revolving 
round a trace of some self-centred idea. 

We can follow a series of stages in this 
downward and inward progress. Over there 
is one of Kretschmer’s “ cow-like ” cases — 
for ever silent and apathetic. Here is a 
second, who lives only to repeat endlessly 
all day : “ Will that be all right if I walk up 
to the door and back again ? Will that be all 
right if I walk up to the door and back 
again ? Will that be all right. . . ? ” 
There is a third, in whom not speech but 
action is repeated and stereotyped ; she 
stands for hours together in one spot, 
gesticulating with outstretched right hand. 

This patient has inner life so divorced 
from outer that he lets his limbs stay in the 
position the doctor cares to put them. 
And another shows the same phenomenon 
in speech ; asked a question, he repeats it, 
often just altering the pronoun. “ How 
are you to-day ? ” says the doctor. “ How 
am I to-day ? ” answers the patient. His 
interest is focused on his hidden thoughts, 
and the outwardly directed part of himself 
acts like an automaton. In other less 
striking cases the patient will do what he is 
asked, but in a stupid and repetitive way. 
It you put a dustpan and brush in this 
woman’s hands and tell her to clean the 
floor, she will begin to do so, but will go on 
brushing the same little bit of carpet for hours. 
More frequently the reverse is the case and 
the patient is entirely “ negativist ” — ^he does 
exactly the opposite of what is suggested 
or commanded. Here is an extreme case. 
The doctor makes as if to touch the patient’s 
hand ; it withdraws. It moves about like 
one magnet repelled by another, as the 
doctor moves his own hand. But if the 
doctor pretends that he is anxious to avoid 
being touched, his hand is followed about 
by the patient’s, as if the sign of the mag- 
netism had changed. Here it seems prob- 
able that the strong wish of the Unconscious, 
not yet fully gratified, to cut itself off from 
the outer world, expresses itself in this 
symbolic reversal of all the suggestions which 
the outer world continues to inflict upon it. 
Sometimes the resistance is violent ; this 
other patient needs three attendants to dress 
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and undress him, must be takoi by fjice 
his dinner and to exercise, and will n v 
tear up every new suit of clothes. ^ ^ 
There are many other stages and varieties 
but all have in common this inward pre’ 
occupation. As a result they are in real 
sense living a dream. . It is a wakintr 
dream and they cannot wholly prevent the 
outer world from obtruding upon it, bm it is 
a dream, and often their thinking is typical 
of dream-thought, where symbols and wishes 
take the place of ideas and rational will. 

Sometimes inwardly-directed tlioilghts 
become focused, not on a personal de sire oi 
simple wish, but on some more impersonal 
construction of. the mind. This liappens 
when the man has an intellectual bent ; 
and the result is the crop of “ men of one 
idea ” who believe that their idea is to save 
or revolutionize the world. When they and 
their ideas happen to be in harmony \Mth 
reality and to fit in with accidental cirnmi- 
stance they become the great prophets, 
reformers, and creators of history. \Vhen 
their notions are less in touch with realiiv 
and the spirit of the times, wc call them 
faddists, cranks, unpractical fanatics ; they 
found sects, develop new theories of the 
universe without worrying too much about 
facts or verifications, preach at strcct-corncrs, 
or promulgate new “ -isms.” If their icle.is 
are too flagrantly unreal, wc say they are 
insane and shut them up. Don Qiiixote is 
the immortal embodiment of a borderland 
case of this type ; and every asylum contains 
his like, though each will be focused on his 
own peculiar craziness. 

Conflict followed by the triumph of wish 
and the repression of reality is the most 
frequent symptom of insanity, and sometinu s 
its cause. But it is not always accomplished 
by a turning away of the self from the outer 
world. This woman here, for instance, 
has become insane through her repressed 
wishes bursting through, so to speak, and 
justifying themselves against reality by an 
elaborate set of delusions. She announces 
firmly that she is a descendant of Queen 
Elizabeth, and, therefore, the rightful mon- 
arch of England. She already boasts a 
title— “ Rule Britannia,” she calls herscUy 
and has armies at her disposal which she is 
preparing to launch against various Jairo- 
pean nations. Unfortunately her plans arc 
always being hampered by the rival clainumt| 
who happens to be in possession ; she wik 
not accord him the title of king, she icfers 
to him as ^Mr. Guelph.” It is he who has 
frustrated her schemes and eventually, 
alas, got her shut up ! Even so he is uot 
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tent ])ut is all the time to humiliate 
her still further by depriving her of the 


js clue to her exalted station, 

^ That IS “ Rule Britannia’s *’ version. The 
medical officer informs us, however, that 
she is really a poor woman who had pre- 
viously been a dcwnestic servant, in which 
capacity she had experienced more than the 
usual amount of hardship and drudgery. 
E\'entually, perhaps as the result of some more 
definite shock of which we have no record, 
the strain resulted in dissociation, and what 
had been repressed came to the top, while 
the painful reality see-sawed out of con- 
sciousness. The mechanism is like that at 
work in Dr. Prince’s case- of double per- 
sonality. But there the split was between 
two warring parts of one nature, both of 
them compatible with the ordinary affairs 
of life ; while here the split is between one 
part of her nature adapted to the harsh 
drudgery that was the only reality for her, 
and another part so incompatible with any 
reality open to her that it could only manifest 
itself as fantasies and wishes. And further, 
the wishes, being recognized as unreal, 
were repressed, and then, being out of 
contact with reality, could elaborate them- 
selves ill naive, childlike, dreamlike ways. 
“ Rule Britannia ” is a wish-personality come 
into control of a body. 

Mer the crisis the conflict still continued, 
hut now reality had to be repressed. Hard 
facts kept on telling her that she was not 
in point of fact on a throne, or even at 
liberty ; and so the Unconscious manu- 
lactures “ reasons ” to explain the anomaly, 
and she aSserted that the machinations of a 
powerful persecutor were to blame for her 
present circumstances. 

Ihis is the familiar process wc have 
alicady encountered and effiled rationaliza- 
tion-~the manufacture of reasons to cloak 
'^ath justification our unacknowledged wishes 
and impulses. The “ reasons ” here are 
glaringly false and pitifully inadequate to us 
proud possessors of normal judgment ; but 


do not let us be too proud of our rationality. 
Britannia ” is only exemplifying 


“ Rule 

extreme form a process which is at work 
in every one of us — though from its very 
nature it is always so much easier to detect 

m others than in oneself.! 

. Here is another lady suffering from delu- 
sions ; but her delusions are of rather a 
diHerent kind. She believes that Mr. X, 
a gentleman of her acquaintance, is passion- 
a^^ Iy enamoured of her and has for years 
be* n scheming to marry her by force. Her 
rev ord was until quite recently a blameless 


one. She wm unmarried and had rfarhe,! 
a considerable age without a blcmkh o 
her reputation when she bncnM \ ‘ 
to her friends of Mr X’s inmH ' '’Siting 
tinno Tk- u- . . iinwclfonic atteii- 

tions. The hints grew broader ; she snread 
stones that she was being followed. I'inaliv 
her was^lotting to 

'"g }° Pol'ce to demand 
that '"''“‘‘gation, it turned out 

Infir t • having any passionate 

interest m her person, merely knew dimly 
of her existence. But the lady continued to 
stick to her story ; and eventually had to be 
removed to an asylum. 

“Methinks the lady doth protest too 
much, says the Qiieen in Hamlet, when the 
rlayer-Queen reiterates her aversion to re- 
mamage. Our poor little old maid is the 
victim of similar over-much protestation, 
but carried to a pathological extreme, 
one has suffered for decades from the 
repression of her natural impulses of sex and 
affection. She has never acknowledged the 
existence within herself of anything so 
unladylike, and accordingly has developed 
a defensive mechanism of pious prudery. 
Then one fine day she found herself attracted 
by Mr. X ; but she never knew it, 'for the 
attraction, naturally linked up with the re- 
pressed complex, was never consciously 
acknowledged. Her repressed wishes, how- 
ever, were all the time trying to bring him 
into her thoughts ; accordingly the frontier 
police of the conscious mind, in the shape of 
her inveterate prudery, not liking that a man 
should be admitted so frequently to the 
sanctum, only allowed him in after he had 
been disguised as a wanton male, assailant 
of female virtue. The repressed impulses 
succeeded in slipping the ideas of Mr. X, 
love and marriage into consciousness ; and 
the repressing ego still satisfied its moralizing 
tendencies. These delusions grow like war- 
rumours ; and even now the lady is able 
to keep everything coherent by explaining 
that her removal to the asylum was part 
of her wicked lover’s schemes for bending her 
to his will. 

Such a delusion is an example of what is 
called projection. The repressed complex, 
felt as something alien which the sufferer 
would like to get rid of, is projected outside, 
as it were, and attached to some quite 
innocent scapegoat in the external world. 
Here again, we find all gradations from 
insamty to everyday behaviour. The “ pro- 
testing too much ” of the Player-Queen is a 
frequent symptom. The repressed urge 
inside us makes itself such a nuisance that 
we attack it wherever we find it outside, thus 
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acquirtng an agreeable sense of wtue, 
in foct, becoming ^mOTevirt^w 
Fw.ith^ feaKon, as Bernard Hart 
one encounters 
may with some probaWh^ 
thsit the individual himsw C3^^ts 
the £%uU in question or some closely similaj 
fault.” The people who prohibit mixed 
bathing or protest against the immodesty of 
female dress arc sddom those who have 
obtained the wise man’s rational control of 
desire ; usually they have merely repressed 
their violent instincts, and are dimly aware 
that these impulses, undisciplined by reason, 
are likely to throw them off their moral 
perch if unduly stimulated. The repressive 
attitude often taken up towards the dances 
of primitive peoples by missionaries is in 
part at least an outcome of the same machin- 
ery. Because of excessive repression, certain 
things wliich should be natural, and could 
be beautiful, become painful, disgusting, or 
shocking ; and in violently attacking the 
unfortunate natives’ customs, the missionary 
is too often attacking his own repressed self. 

The most striking characteristic of lunatics, 
after their loss of contact with reality, is 
their lack of logic. The lady who calls 
herself “ Rule Britannia ” is still a good 
scrubber of floors ; and she does not let 
her belief in her regal state interfere in the 
least with a perfectly cheerful and thorough 
performance of her daily task of cleaning 
the ward. The two sets of ideas concerned 
with royalty and with floor-scrubbing might 
seem to be incompatible. So they would be 
if they met ; but they do not meet. They 
are prevented from meeting by the machinery 
of dissociation and repression. Dissociation 
does its best to keep them in separate com- 
partments and make it hard for them to 
achieve contact ; should they begin to do 
so, repression steps in, forces criticism into 
the Unconscious, and substitutes absurd 
” reasons ” for Reason. The mind thus 
becomes divided into what have been aptly 
called ” logic- tight compartments,” in which 
different systems of ideas can develop in 
splendid isolation. Sheltered behind such 
barriers, the lamb of a delusion can grow 
and flourish safe from the wolfish logic that 
would otherwise devour it. 

Repression and dissociation are not simply 
morbid phenomena. Their morbid mani- 
festations are exceptional ; normally they 
are adaptive and useful. They are the 
protective part of the mind’s machinery, 
for defending itself from disruption when 
confronted with two opposing impulses 
or two incompatible sets of ideas. The 
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The arrangeancnlB by which il,e mind ' 
conserves its unity and its force in tlic midst 
of a chaos of warring facts and ideas are 
we may recapitulate, of several kinds’ 
There is first, the capacity, for Ixdicf by 
suggestion; submission to authority, un- 
questioning loyalty, and obedience,' ’ Tlds 
disposition, most evident in the earlier iialf 
of life, must have done much to laciluair 
gregarious tribal • existence in the opniing 
stages of human society. Next, tlurc arc 
the faculties of repression and dissociation 
which parcel out the mind into tompari- 
ments. Some repressing or inhibiting liircc 
is always needed to maintain dissociation, 
so that the two agencies generally act in 
conjunction. Sometimes the split is com- 
plete, the compartments become cpiitc' 
impervious to each other’s ideas and iinpulscs. 
More often, however, there is a certain 
leakage of ideas from one compartment to 
another. When this is so, another family 
of the mind comes into play — distortion. 
Repressed ideas which cannot be altogether 
repressed are distorted and disguised so 
that they can gain expression and enter 
consciousness without a disabling conflic i. 

We have already mentioned the ehiel 
methods of distortion. Rationalization is 
perhaps the commonest obsession, and com- 
pulsive expression, as in Lady Macbeth’s 
washing of her hands, is another. Pro- 
jection we have already explained. Un- 
acknowledged transference of the repres.sed 
impulses to new aims and objects is yet 
another channel. The transference ol re- 
pressed maternal instincts to pets is familiar ; 
many of the hobbies of elderly bachelors 
and the hoarding impulses of misers and 
certain types of collectors are also examples 
of this process acting in relation to the ^^ill- 
to-power or sexual suppression. 

All these ways of distortion occur. Ml 
of them are convenient and necessary pro- 
tective mechanisms of the mind. But all 
can be dangerous. All are bounded on the 
other side by insanity. Some degree of 
repression and dissociation seems necessary 
to achievc^tetion, some rationalization is 
(fften essential for self-respect ?ut it ( in 
be safely laid: dawn timt certm things are 
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Sat a solution of a wWcii if brought 

about with the aid of Cotudousness and 
reason is almost invariably more satirfactory 
than one accomplislMsd wi& the aid of 
unconscious processes alone. _ 

Tlierc is one irrational distortion, however, 
which is nearly always helpful, and that is 
the distortion provided by laughter. There 
have been many theories of laughter, and 
perhaps none of them are wholly satis- 
factory. But this explosion, this fit of gasping 
cheerfulness which aerates the blood and 
quickens the circulation, certainly has one 
useful function which must have promoted 
its evolution during man’s rise from his 
pre-human ancestors, and that is the function 
of escaping conflict without calling in re- 
pression or leaving behind a sense of bitter- 
ness or failure. Man is the laughing animal ; 
he “ laughs off” endless contradictions. 
Early man, savage, puny, and ignorant, 
could never have reached his present state 
without laughter ; his constant failures to 
achieve his desire, his hardships and dis- 


§ 14 

Differences Between Minds 

Pavlov, as we have already described 
has demonstrated that his dogs differ 
a^ng each other in their reactions. They 
mffer in their temperaments as much as in 
their intelligences. Mind varies as much 
^ body— as, indeed, we should expect if 
both are aspects of the single reality, life. 
The breeds of dogs differ as much in mental 
as in physical attributes — there is the tenacious 
bulldog, the clever poodle, the stupid toy 
terrier, the savage mastiff, the intelligent 
airedale, the lazy pug. Koehler found that 
one or two of his chimpanzees were, 
relatively to their fellow-apes, geniuses ; and 
some were sulky, some cheerful, some shy, 
sonie bad-tempered. Among rats, some in- 
dividuals are quieter and more docile than 
others ; and it appears that the docility 
and gentleness of tame rat-breeds are due to 
man’s selecting the tamest animals to keep 
and breed from, generation after generation. 

The most obvious of differences among 
human beings are differences in intelligence. 
Choose a thousand children at random ; 
there will be a few who arc brilliant, avid 
of knowledge, a few who are so slow of 


appointments, the incongruity between wish 
and reality, were all the time inflicting 
wounds on his mind. He laughed and 
had another go at it. If hope is a tonic and 
idealism a slightly narcotic salve, laughter 
is an antiseptic for mental wounds ; a 
saving abandonment. 

Yet even humour, like any other irrational 
solution of a conflict, can be exaggerated, 
turned to harm, or employed as an outlet 
lor insanity. Humour is a frequent refuge 
for the inefficient. It can be a vulgar form 
of escape from the embarrassment of effort. 
In some forms of insanity, especially that 
brought on by alcoholism, the sufferer’s 
Unconscious is all the time keeping him from 
realizing this true state and the misery he 
has caused, by cheap and silly jocularity. 

Man turns out to be non-rational and 
non-moral much oftencr than he supposed. 
Nor can he lead an existence that is purely 
rational or purely moral ; the mainsprings 
pi his life are the deep-seated impulses he 
inherits from the past. He cannot escape 
thuin ; he sterilizes himself if he merely 
fights against them ; he loses contact with 
all solid earth if he tries to soar too high 
above Jt is his affair to permit the 


comprehension that, however well taught, 
they always plod on far behind the average 
children of their own age ; there will be a 
number of distinctly able but not brilliant 
children, and a number who arc distinctly 
stupid, though not deficient ; and the 
majority will be just ordinary in their 
capacities. Of late years, methods have 
been devised for measuring intelligence. 
The criticism of such “ intelligence tests ” 
has always been that they do not distinguish 
between the innate capacity for being in- 
telligent and the acquired capacities due 
to training — in fact, that they measure 
education rather than native intelligence. 
But they have been improved, until now it 
is generally agreed that they do in large 
measure fulfil their purpose. They work 
admirably when applied to a group of 
children (or grown-ups) all of the same 
nationality and the same social class ; but 
they need to be applied with the greatest 
caution when we are comparing groups of 
different nationality, language, and tradition. 
They and similar tests for other capacities 
are already being used successfully and on 
a large scale in education and also in industry 
to minimize the 'wastage involved in trying 
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to fit square human into round occupa- 
tional holes and vice versa. 

Using these intelligence tests, we can com- 
pare the performance of a child with average 
performance. We find that one child of 
ten ’ attains the average for twelve-year- 
olds, while another is only up to the eight- 
year average. Both children are ten years 
old ; but we can say that one has a “ mental 
age ’* of twelve, the other a “ mental age ” 
of eight. A child is generally classed as 
mentally deficient when its “ mental age,” 
determined by these tests, is less than three- 
quarters of its chronological age in years. 
The actual capacity for being intelligent 
docs not go on developing, even in the ablest 
men and women, after about fifteen or sixteen 
years of actual age. What increases after 
that is judgment and concrete knowledge, 
so that the intellectual edifice continues to 
be built, but not the pure faculty of intelli- 
gence by which it is built. 

If we take a set of children and test their 
intelligence year by year, we find that the 
tests are consistent — a child is not below 
normal one year, above normal the next. 
What we are really measuring is the rate 
at which intelligence develops. And we 
find that intelligence behaves just as do 


phyacal charswten like the shrimp’s eve 
colour whidi we discussed in 
(Fig. 185) ; the intelligence of difT^rent 
children grows at different speeds and 
stops growing at different ages. Prkessor 
Spearman has given strong reasons for 
believing that what is measured by the 
intelligence tests is some general factor 
which underlies the performance of any 
and every kind of mental operation demand- 
ing intelligence. He prefers to speak of it 
by the non-committal symbol of “ g.” 
popular parlance it could be called mental 
ener^, but the word energy has a perfectly 
definite scientific meaning, and its use in 
this loose way should be avoided. I'heic is 
assuredly a flow of nerve-impulses which 
is the physical basis of thought ; and when 
we know more about the mechanism of this 
flow we shall be able to give Spearman’s 
“ g ” a more concrete interpretation. Mean- 
while it must suffice to know that we can 
measure something which is the basis for 
general intelligence. 

There is one other conclusion that we can 
draw ; and that is that differences in this 
capacity for intelligence are due mainly to 
differences in hereditary make-up. As 
always, nature and nurture are blended. 


CENT 



Fig, 326. The variation of intelligence in a group of 2,000 school children. 

Carefully devised intelligence tests are applied on a large scale ^ and the average performance of children is found ff 
each age. This is taken as a standarw (100). If a child is ten years old am/ only attains the level of an average ihild 
qf seven or eighty he is said to have a “ mental ratio ** of 4 or 70 per ; children with mental ratio beloiv thi^ 
are definiUly defective. If he had done as well as the average child of 13, his mental ratio would be 130. dherf 
is no break to separate the mental defective from the normal, or the normal from the genius. {From “ The Measuu ^nent 
of Mental Cepadties” by Dr. Cyril Burt. Oliver & Boyd.) 
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Birth-ini'jri®. <*ad& ■«!%■ wmediable shade below the average in their ink 
forts in eye or cw,: under-feeding, fe^, Plenty of exceptions exist, but the tei 
“ l,n ppiness— all these can hamper the 
and ui 1 r „ iiist as a favour- 


environment can help it on ; but the hands we are introduced to something new— 
*Lle cause which far outweighs aU others a difference in quality of disposition rather 
determining the degree of intelligence is than in quantity of some single endowment. 

Ill uc ^ n XAnf-Vi wViirh F.arK/ in t .1 


of intelligence just as a favour- 


Aade below the average in their intelligence 
Plenty of exceptions exist, but the tendency is 
there. ^ 

With this difference between brains and 


t of genes with, which the 

h Id is born. This is seen with especial 
irarncss in those numerous cases— like 
the Cecils or the Darwins— where intellectual 
ability runs in families. It is also well 
brought out by intelligence tests on children 
brought up from their earliest years in 
orphanages ; in spite of the uniformity of 
their upbringing, they show as wide a range 
of capacity, as measured by intelligence 
tests or in other ways, as do other children. 

Besides these differences in general in- 


Earlv in the present century, Jung, the 
psycho-analyst, formulated a broad dis- 
tinction between two outstanding types of 
personality. Other attempts at classifying 
types of mind had been made before him— 
the most celebrated perhaps was William 
James’s division of the human race into 
“ tender-minded ” and “ tough-minded ” 
— but Jung was the first to attack the problem 
systematically in the light of modern know- 
ledge. One type he called introvert — turned 
in upon itself ; the other extrovert — turned 


tclligeiice, there are many differences in 
specie! I capacities ; and these are even 
more exclusively determined by heredity. 
The most obvious of such special gifts are 
the mathematical and the musical. Pascal 
as a mere child begged to be allowed to 
learn about numbers, but his father insisted 
that this must wait until his education in 
languages and history was more advanced. 
But his mathematical bent was not to be 
dcjued ; when he was still a mere child, 
his father found him busied with problems 
in geometry. Unaided, he had already 
worked out for himself a series of the theorems 


outwards towards the outer world. The 
one is more interested in his own inner being, 
the other in the practical give-and-take of 
life. To the one the outer world provides 
the necessary material out of which the 
inner constructions of thought may be built ; 
to the extrovert, the inner construction is of 
value as enabling him to live more fully 
in the world of people and things around 
him. The introvert tends to be solitary, 
shy, given to speculation and imagination, 
often troubled about himself, his future, his 
relation to the universe at large. The 
extrovert, on the contrary, tends to a balanced 


of Euclid. 

At the age of four, Mozart could play 
minuets ; at five, he had already composed 
d number of little pieces, and gave his first 
public performance. So great was his 
passion for music that he slipped out of bed 
lo practise in the middle of the night. 

Al the other end of the scale, we have 
men of the highest intellect who cannot 
tell God Save the King from Pop Goes the 
Weasel, and others to whom any mathematics 
beyond the simplest arithmetic is a closed 
book. 

Another important difference is between 
brain and hand, intellectual and motor 
ability. Everyone knows how some children, 
stupid at book-learning, excel in carpentry or 
have an uncanny knowledge of mechanical 
tuys and the insides of motor-cars ; while 
others who are near the top of their class 
are both awkward with their hands and un- 
interested in handwork. Statistical tests 
seem to show that this is not exceptional. 
Highly intelligent children are, on the 
a\ <Tage, a little behindhand in their motor 
abilities, while those who are exceptionally 
giiied with their hands are, as a group, a 


expansiveness and sociability which Contrasts 
with the somewhat fitful liveliness of the 
introvert ; he makes friends easily, has little 
embarrassment about such public perform- 
ances as acting or singing, which are often 
a torture to the introvert, is bored with any- 
thing abstruse or speculative, lives much more 
in the present. 

There is no doubt that this picture has 
a great deal of truth in it. One can often 
see this turning of the mind inwards and 
outwards exemplified in two members of 
the same family, even at an early age. It 
is further likely that the lack of correspond- 
ence between ability of hand and of brain 
which we have just noted is concerned 
with a difference in psychological type. The 
introverted child is more interested in 
things of the mind, takes less trouble with 
practical handwork j and vice versa with 
the extrovert. There is also the fact, 
elicited during the War, that dissociation 
and hysteria are the normal outcome of 
conflict in the extrovert, while in the introvert 
similar conflicts are likely to end in repression 
and neurasthenia. In fact, the fundamental 
basis of the difference between the two types 
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would seem to be a difference in ease of 
dissociation. The extrovert is^ble to keep 
conflicting ideas apart — to use a popular 
phrase, in “ watertight compartments — and 
thus to assimilate cheerfully and with equa- 
nimity the most divergent experiences. In 
the introvert, on the other hand, the mind 
is more unified ; its different parts cannot 
be kept apart, but are continually infringing 


the interval 


to 


coOee or 


double or quedrt^lc, while 

The drags of die two classes were r)erfer; 
antagon^ ; for example, during the hasten 
mg produced by st^chnine, which JasS 
several hours, a whiff of ether or a dose of 
^cohol temporanly antagonized and ivvcned 
Its effect.” 


on each other ; and much of his mental 
life is occupied by their attempt to fit 
themselves together into logical, harmonious 
schemes. The more discordant elements are 
fiercely repressed and may become trouble- 
some complexes, while in the extrovert they 
are simply walled off from the rest of the mind. 

Recently, McDougall has hit on an 
ingenious method which throws some light 
on the constitutional differences between 
extrovert and introvert. The accompany- 
ing figure re- 
presents a 
cube ; but as 
you look at it, 
it shifts its per- 
spective — now 
one of its two 
square faces is 
nearer you, 
now the other, 
now it is slop- 
ing up and to 
the right, now 
down and to 
the left. If you 
look fixedly at 
the figure without trying to force on it 
either of the two possible perspective inter- 
pretations, you will find that it changes 
from one to the other at more or less regular 
intervals. McDougall found that the interval 
varied very much for different people ; 
and that it was much longer for extroverts, 
much shorter for introverts. Here evidently 
we have a model on a small scale of the way 
in which the mind reacts to the graver 
conflicts of life. The two interpretations 
of the figure are mutually exclusive, and 
equally satisfactory. When one of them is 
adopted, the other must be inhibited. In 
the extrovert, such an arrangement is 
comparatively stable ; in the introvert the 
inhibitory process is feebler and the two rival 
interpretations arc continually struggling for 
supremacy. 

But the most interesting thing that 
emerged from this investigation was that 
the rate of alternation could be altered in 
one and the same individual by the use of 
drugs. Quite small amounts of ether or 
8^4 


It is perhaps unfortunate thai these 
terms extrovert and introvert have come to 
be so widely used, for they give a n,)s(‘ im 
pression of simplicity, as if the world was 
really just two sorts of human beings “ ex 
troverts ” and “ introverts,” as distinct as 
males and females. It would be truer to 
say that everyone fluctuates between extro- 
version and introversion. Some of us have 
a bias one way and some another, but a 
glass of wine may make us more exirovert 
and a cup of coffee swing us towards in- 
troversion. 

Recently new suggestions have come from 
another quarter. Our knowledge of heredity, 
of physiology, of brain-structure and hrain^ 
function has forced upon us the view that 
body and mind are not distinct entities, hut 
two expressions of the unitary living organism. 
In actuality, they are inextricably entangled. 
On this view, minds and bodies (for we 
cannot help continuing to make the dis- 
tinction between them for convenience sake) 
would not be expected to stand in a hap- 
hazard relation with each other, any kind 
of mind with any kind of body, but certain 
types of mind and body should go together. 
We have already maintained this view lor 
male and female instincts (Book 4, Chap. (>, 
§ 8) ; we have refused to believe that a 
fully masculine soul could inhabit a fully 
feminine body, or vice versa. Now we 
are extending this idea to cover the various 
temperaments. We are asserting, contrary 
to such pre-scientific notions as reincarna- 
tion, or the idea that a waiting soul somehow 
slips into a body when the body has reached 
a certain stage of development, that soul 
and body are both aspects of one whole, 
the mind-body, the living human being, who 
is always different from every other individual 
human being. 

Kretschmer, in his book Physique and 
Character i gives some account of recent work 
in this field. In his psychiatric practice he 
noticed that certain kinds of insanity went 
together with certaun kinds of body-build- 
Those who suffered from the manic-de- 
pressive typS^of madness were usually stout 
and stocky, big-waisted, well-covcrea, v\^th 
rather barrel-shaped bodies, short nock 



Cube, 





and the^ human mind 

hs and cortex masculinizes, too little e 


,„d and inosc who 

*ff.red from Jmaith P<m and related 
of madness, on the other hand, were 
S of this thicks build. They mostly 
'"niatrd between the athlete type— well- 
sloped muscles with litde surplus fat, 
hroad shoulders and narrow waist, oval 
face and longish limbs— and the scraggy or 
asthenic type— thin, narrow-chested, with 
little muscle and less fat. 

We h-ive already found reason to suppose 
that the maniacs and melancholics are of 
Tung’s (^xtrovert type, the dementia pracox 
patients more introvert. So, if the correla- 
tion holds for sane people, we would expect 
to find the extroverts and introverts among 
our acquaintance differing in body as well 
as in their mental attitude. Popular beliefs 
and everyday experience justify our expecta- 
tion. The fanatics, the prophets, the spin- 
ners of theories, those who will spend their 
life in the service of a single idea— they tend 
to be thin, drawn out in length— 

“ Yon Cassius has a lean and hungry look ; 

l.et him be watched ; such men are dangerous.” 

Calvin, Savonarola, Robespierre are 
examples in real life. We have no record 
of what John the Baptist looked like, but 
there is a more or less unanimous conviction 
that he was not short and stocky. And 
who could ever depict Sancho Panza as 


^rtex masculinizes, too little pituitary 
fattens and makes greedy and sleepy. 

On the more purely mental side people 
differ enormously in the way they think, 
ualton, in his classical book, Researches into 
Human Faculty, found that some people think 
predominantly with the aid of picture- 
images ; others rely more on sound-images 
and, as it were, hear their thought ; still 
others are tied to the motor side, so that 
their thinking runs along the lines of an 
incipient pronunciation of words. Besides 
these, there is the abstract thinker, exempli- 
fied most clearly by the pure mathematician, 
who has apparently left the solid ground of 
sense-images and words and floats among 
abstractions. What is strongly developed 
in him is the capacity for perceiving the 
relations between things and ideas ; he 
moves among problems in higher algebra 
as securely as the visualizer among remem- 
bered scenes. T’he same word is to one 
man a picture, to another a sound-image, 
to a third a cog in a logical chain ; small 
wonder that human Tjeings find difliculties 
in the way of complete mutual under- 
standing. 

Recently Jacnsch has brought together 
some interesting facts in this connection. 
By specially devised methods he showed 
that a considerable proportion of children 
have the image-forming capacity developed 
in high degree ; their mental pictures are 


any tiling but plump and stocky, and Don 
Quixote as anything but lean ? 

The medium-broad type is often the 
intuitively practical man, the man of affairs, 
the administrator : Mirabeau, Cavour, 
Lloyd George comc to the mind. Among 
literary men Dr. Johnson is a good example. 
He was not intocsted in the working-out of 
philosopliical systems, in close-knit imagina- 
tive constructions ; the Dictionary typifies his 
practical discursive bent, and Boswell’s Life 
is, above all, a record of his preference for 
the social interchange of ideas over solitary 
meditation. He is a complete contrast to 
a poet like Wordsworth, the lean lover of 
long, solitary wal|s, constructor of 

elaborate systems pf thought to bear the 
'veight of his intuitive feelings about 
Nature. 

There can be little doubt that these re- 
searches will soon link up with work upon 
the ductless glands. We already know that 
too much thyroid thins and excites, while 
too little bloats and damps down. The 
physical type produced by too much 
anterior pituitary resembles an exaggeration 
the athletic type. Too much adrenal 


so clear and sharp that if you tell them 
to project their mental image of a face, 
say, on a blank screen, they can, as it were, 
fix it there ; and you can, guided by their 
answers to your questions, measure it or 
draw it. In most cases this capacity dis- 
appears during early adolescence as the 
power of abstract thought is cultivated, 
though in some people it persists throughout 
life. This antagonism of picture- thinking 
and concept-thinking was also revealed by 
Gabon, who found that highly educated 
people had, on the whole, less capacity 
than the uneducated for recalling vivid 
images. , 

Jaensch found further that certain drugs 
such as an extract of the American cactus 
called Mescal or Peyote (Anhalonium) could 
increase the vividness of image-formation. 
It conferred vivid imagery upon many of 
those who normally lacked it ; while in 
those in whom the faculty was already 
strong the pictures were converted into 
hallucinations : the image was projected 
into the external world and seemed to 
exist in its own right. Certain preparations 
of calcium, on the other hand, often reduced 
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the vividness of imagery, and could be used 
successfully on children who suffered from 
violent nightmares. 

Such studies arc likely to throw a good 
deal of light on human faculty, for we know 
the chemical constitution of the drugs and 
can use them in accurate experiments. As 
knowledge progresses, we shall be able to 
classify the differences of humanity with 
increasing accuracy. We shall presumably 
find that individuals may differ in regard 


chapter j 

to ^ny separate quaHties ; and in 
quality there wiU be a scale from hi i, ? 
low, plus to minus. ^ 

It IS not only that these drugs illun„nu,. 
our capabilities. A time will come ..h,' 
they may be used to assist and enl’,,,,!! 
them. A time may come when we sh.ill l,o 
able to supplement our normal ni, tiial 
powers with chemical assistance as now.id 
we supplement our muscular forces Wiii' 
power machinery. 
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MODERN IDEAS OF CONDUCT 

5 I The Conduct of Life. § 2. What is the Self We Conduct ? § 3. The Primary 
Biolomal Duties. § 4 - Of Self knowledge and Moods. § 5. Candour. § 6. Re- 
straint and Poise, § 7. Evasion^ Indolence^ and Fear, 


§ I 

The Conduct of Life 

W E have already warned, and several 
times reminded our readers of the 
wTirning, that with the introduction of the 
subjective element into our account of 
viti phenomena we have departed from 
that atmosphere of clear, cold statement, 
proof, and certainty we were able to main- 
tain so long as our method was still wholly 
objective. But to shirk questions of feeling 
and will because they did not admit of the 
hard precision of a purely objective treat- 
ment would be to rob our Science of Life of 
half its interest and two-thirds of its practical 
value. 

We have already said something of the 
essential paradox in things. We have pointed 
out how comparatively easy it is for us to 
regard the whole world, including our 
fellow-creatures, as a fated system of cause 
and effect, as a system entirely mechanical 
and determinate, until we come to ourselves. 
But within ourselves we find it is at least 
rc|ually true that we choose, that we will 
lo do this and refuse to do that ; that we 
are not fated, but free. Your sense of your 
own freedom is as primary as your sense of 
niy complete subjection to controlling causes. 
You may deny this practically, but your 
every act wil] assert it. For all practical 
ends your liberty and your sense of your 
personal responsibility for what you do are 
ineradicable. Even if you fling yourself 
down and say, “ I am the toy of destiny ; 
I can do nothing that I am not compelled 
to do,” you know all the time that you will 
be doing and saying this of your own free 
will. So soon as you have said it, you can 
say : “ That was silly of me. I did not mean 
to say that.” 

‘‘ Kismet,’* says the good Moslem, and 
stands hesitating what next hq shall say or 
do, still under the plainest necessity of 
making a decision. 

whatever logical juggling we may do in 
this matter, in reality you and we, the 
present trinity of authors, and Mr. and 
Mis. Everyman and the whole Everyman 
Ian lily find ourselves making up our minds, 
deciding what to do, forming our plans and 


occupying oupelves with hopes, determina- 
tions, reflections, self-congratulations or 
remorse, and the general conduct of our 
lives. 

It must be poor biology, feeble psychology, 
and indifferent science wc have been dealing 
out to Mr. Everyman if we cannot draw 
from this accumulation of fact some clear 
directions and helps and reinforcements for 
him and Mrs. Everyman, in this essential 
problem in their lives : Wliat to do and how 
to do it. 

§ 2 

What is the Self We Conduct ? 

Throughout the larger part of the pre- 
ceding chapter we have been elaborating a 
picture of the mind as it is revealed by the 
introspective and comparative methods of 
psychology. We have talked in metaphors, 
about levels and strata, searchlight (of 
attention) and focus, images, complexes, 
repressions, threshold of consciousness, and 
the like. Thereby we have been able to 
convey and to bring to a considerable coher- 
ence an important mass of fact about divided 
personality, mental inhibitions, hypnotism, 
and impulse. But the reader will have been 
haunted throughout, as wc, the writers, 
have been haunted, by the feeling of meta- 
phorical vagueness and the dangers of miscon- 
ception that accompany metaphor. The 
reader will have been moved to ask again 
and again ; “ Where precisely in this 

seething mass of mental activity does the 
self begin and end ? ” Or, “ Am I all my 
mind or only some of my mind raiding about 
amidst the rest of itself? ” At times it has 
been almost as if we described the coming 
and going, the conflicts, overlappings, and 
replacements of clouds in the sky . This 
sort of indistinctness is not - confined to 
psychology. Has the reader ever troubled 
to ask : What exactly is the state ? What 
exactly is the nation? What is public 
opinion ? 

The leading psycho-analysts have evidently 
been haunted by the same dissatisfaction 
as the reader. They have made, and they 
are still making, attempts to mark off the 
regions or activities of the mental stir 
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with a clearer definition. We have already 
noted Freud’s distinction of the Ego, the Id, 
and the Super-ego (Chap. 7, § 12). More 
recently Jung {Two Essays ^ 1926) has been 
making a parallel attempt to define the — 
what shall we say?— -parts, active forces, 
powers, roles ?— in the intricate mental 
interplay of Homo sapiens. His essay throws 
much helpful light upon the conditions and 
linutations of the adaptation of this strange 
animal Man to happy participation in a 
continually more complex and penetrating 
social existence, and yields us some convenient 
new forms of expression. 

As the starting-jx)int of the self-conscious 
life of a man or a higher mammal, he 
explains, is the realization of the “ I,” the 
“ Ep the realization of Itaeself as pitted 
against the universe. To the very shallow 
and unthinking this ego is all that one is, 
but, as we now realize, a great undefined 
field of mental activity goes on in everyone, 
outside the conscious ego, and nearly every- 
one discovers sooner or later divisions of 
motive which are in a sort of struggle for the 
control of the ego. Before Mr. Everyman 
was in knickerbockers he had learnt that 
it would not suffice always to say : “I 
want,” “I will,” or “I won’t.” There 
were times when he found himself saying : 
“ I want and I don’t want,” or “ I will and 
I won’t.” From the start he has had this 
balancing going on in him. 

Often but not always these conflicts 
resolved themselves into a struggle between 
what he was informed was his better and 
his worse self. Generally the worse self had 
a quality of being more flesh of his flesh and 
bone of his bone than the better. It was 
^ if, under the pressures of external and 
internal experience, a ruler was arising 
within him to which his conscious ego 
in general had to be subservient. It was 
a part of his ego arising to dominate the 
rest of his ego. What is this second more 
selected self in Mr. Everyman and all 
of us ? 

Dr. Jung has devised for it the excellent 
name of the ” persona.” It seems to be in 
many respects the same thing for which 
Freud uses the term Super-ego. The persona 
is begotten of a need to escape from the 
complexity, the realized dangers, and the 
dissatisfactions of the ego. Material — but 
here Jimg pai;ts company from Freud — ^is 
drawn in to it from the Unconscious outside 
the ego. The persona is the self we want and 
do our best to unagine ourselves to be. It is 
how we present ourselves to ourselves and the 
world. It is the story wc tell ourselves about 
828 


It is not a fixed thing i . • I 

with our ^ence and our mood ju. ' 11“ i 
VOTous performances of a play k 1 i 
Mth audience and mood. Now soit ' 

undentudy plays. But generally it is \Z 
we \TOh others to take us. It is a mask [Z 
which we weave very many extraneous and 
suggested things that we suppose laoni,. 
to expect of us. And it is always thrustL 
down incompatible impulses, desires, and 
cravings out of sight, out of our ego into the 
Unconscious. And also it thrusts down 
incompatible and disturbing mcrnoric*s 
These suppressed elements, denied recognition 
and honour, are usually less lucid, more in the 
quality of emotion and blind feeliriir. 
They become like a dark shadow tif the 
persona, they are everything it is not: 
they are, as it were, in necessary conflirt 
with the persona for the ego. For this 
suppressed and insurgent underself in the 
Unconscious, Jung suggests the name of the 
“ anima.” 

The difference between those two aspects 
of the self is not necessarily a moral one ; 
the persona is not necessarily good, the 
anima not necessarily bad. The persona 
is the mask, and the mask may be, foi 
example, that of a stern implacable judge 
upon the bench, a pig-heaaed, intolerant 
man, while the suppressed and imprisoned 
aniina cries and worries for mercy and 
consideration. But the normal anima is 
something suppressed, something getting 
loose in dream values or unwary impulses, 
in the inadvertencies of hypnotism or 
drunkenness or fatigue. The tension of its 
upward thrust towards recognition and ellect 
in the ego may lead to serious nervous lesions 
and mental disorder. 

Jung makes a very interesting but very 
questionable distinction between this d<uk 
shadow of the persona in men and in women. 
The persona imposed upon the average 
woman is, by tradition, social and economic 
conditions and physiological necessiti('s, 
different in its nature from that of the average 
man. There is in women generally moie 
suppression of judgments and above all 
of initiatives and less of emotions and recep- 
tive response than in man. The suppressed 
elements of a woman are therefore com- 
monly more wilful than those of a man. 
Jung would go to the length of making a 
difference between an anima in the case of a 
man and &r^finimus in the case of the woman. 
His choice of these words is not wc think so 
happy and unambiguous as his choice ol 
persona, Anima and, even more so in English., 
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. loaded with felse ^^oaatiom. wcape from the distresses of individual 

SlTover these two thin^ diffe not in frustration^ and it can be a method of 
fTbui ill degree. For English use, we reconciliation to honourable but conlri- 
^efer to use anima for both sexes. ■ butory and inferior tasks. It has played 

the earlier psycho-an^ysis of both and may still play a great parlin the re\iy;h.us 
Freud and Adler, as we have said, the lue. It may play an even greater part in the. 
Uncoti^cious was treated as largely or future development of our kind. A general 
exclusively individual and its content was inflation of the persona may be going on in 
supposed to be merely personal experience, most civilized communities, 
suppressed and forgotten. But Jung would So, very sketchily, we give the main lines 
insist upon a vast proportion of inherited of Dr. Jung’s account of the broad structure 
material in the unconscious. We cannot of our mental being. The reader must bear 
follow him all the way in this Lamarckian in mind that this is a speculative account, 
view. But though it seems impossible for It is not an account of established and uni- 
ideas to be inherited as such, we can clearly versally accepted views. But it marches 
inherit predispositions to particular ways with common experiences. It corresponds 
of tlhnking. At their first onset in a human very closely to facts in the behaviour of 
being's life, many things are found to be people about us. What we arc dealing with 
attraetive or repulsive in this way or that, here is not so much science as thought on 
ld(MS are grasped or refused. The mind, one the borderland of science and literature, 
must conclude, is ready to receive or repel We give it because it is so richly suggestive,' 
them. Just as all our brains and bodies because it had at least the sort of truth that 
are alike with small variations, so this literature can convey, because it is inter- 
general Unconscious,” this readiness to esling and helpful to record the vision of a 
receive or resist, is alike for most members of particularly fine and powerful intelligence 
our species. which has been devoted for many years to the 

On this sea of general unconscious pre- task of peering into the teeming reflections 
conception and sustained by it, floats our and creations of the human mind, 
individual ego, with the persona it has It becomes manifest under such a scrutiny 
gathered for itself in the full light of con- that, in the inner world, just as in the outer, 
sciousness and its anima hidden below the the individuality comes and goes, that it 
surface. By such a figure—and again we changes, is now more and now less, now 
remind ourselves and our readers that all this fainter and now intenscr, that it assimilates 
field of science is still at the metaphorical and again rejects. We untrained people 
siage -we may convey this conception of the assert and believe so firmly in our complete 
“collective Unconscious,” which all of us unity and our unbroken identity because, 
htive practically in common. And from it when our identity weakens or changes or 
cilso, just as much as from the suppressions dissolves, we are by that very fact no longer 

ol' our own personal past, we draw values there to observe and deny, 

imd dispositions for our dreams and imagin- In the light of this shrewd rephrasing of 
iitions and unwaijy actions ; some of us much conduct by Jung, we can speak of the con- 
niore than others ; we draw the forms of duct of life as the rule, development, and 
expression, the shapes in which we find wary correction of the persona. When we 
ourselves disposed to clothe our gathering talk of a man behaving well we mean that 
and accumu^ting personal response to the he is under the sway of an efficient and fine 
outer world. persona. A weak person is one with a 

The persona, says Jung further, is capable fluctuating persona ; an impulsive man with 
of “inflation” — that is to say, is capable of poor self-control has a too vigorous anima. 
such an extension away beyond the natural It is the disposition of most of us to ration- 
ego into the collective Unconscious that the alize the impulses that come up to effective- 
sense of personal identity becomes weakened ness from the anima. We try to square them 
and the individual confuses himself with his with the persona and may make considerable 
official functions or with the race or with the changes in the persona to do so. Clearly 
Deity. This inflation of the persona implies moral training and education are essentially 
a process df devotion and self-forgetfulness, attempts to mould the persona upon socially 
It may make a man a pedant or a saint, desirable lines, and most of the graver internal 
I he anima may by a similar diffusion dbsolve conflicts that give us hysteria, neurasthenia, 

I he boundaries of the ego in mystical ecstasies, and mental collapse arc conflicts of the 
‘‘ Inflation ” may have its desirable and persona with the anima. Most, but not all, 
admirable side ; it is an open method of tor both the anima.and the persona may have 
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their own inconsistencies and internecine 
contradictions. 


§ 3 


The Primary Biological Duties 

Since Mr. Everyman, as we have seen, is 
from the biological point of view a mass of 
living cells detached from the rest of life 
and organized to act together as one indi- 
vidual, it seems reasonable to assume that 
the first duty for education to impose upon 
the developing persona is that he keep this 
self of his in a fit and proper condition to 
act. He has to eat, drink, and sleep ; 
imperatives so plain that no system of conduct, 
however fantastic, has ever ventured to 
forbid them altogether. And our modern 
disposition is to carry out these manifest 
indications to their logical conclusion, and 
declare that health and fitness, having 
regard to the characteristics of the individual 
role and organization, are primary demands 
upon a human being’s attention and energy. 
Mr. Everyman should keep his body and 
mind as a soldier keeps his weapons — ready 
for the utmost use. 

That docs not mean that he should become 
enslaved by an elaborate ritual of hygienic 
precautions. Health in itself is not a final 
human end ; it is merely a condition for the 
easy and thorough attainment of more 
justifiable objectives. The health faddist 
who places himself outside the normal 
usages of the life about him, in pursuit of 
some imaginary super-exaltation of his 
bodily life, and the game-playing enthusi- 
asts of “ fitness ” and exercise, who spend so 
much time keeping fit that they are ulti- 
mately fit for nothing, are warnings to us 
that in this field, as in most fields of human 
concern, excess can be as absurd and futile as 
disregard. 

In Book 7 we have reviewed the con- 
ditions of bodily health, and in the preceding 
chapter of this Book we have indicated many 
of tne ways in which the nervous and mental 
organization may be thrown out of gear. 
So long as Mr. or Mrs. Everyman feels 
well, keeps happily active, does not suffer 
from boredom, sleeps well, is capable of 
occasional effort and exertion without a 
sense of stress, is not gnawed by unsatisfied 
desires, and is neither over-sensitive to 
minor stimulations nor subject to fits of bad 
temper, he or she may rest content with 
the balance of his or her bodily and sub- 
conscious processes. But it is the business 
of everyone to note these little discomforts 
and discontents that intimate the beginnings 
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of a jar within or without one’s organism 
Then comes the duty of finding out \\i, ,t h 
wrong, seeking outer advice, and adji'siin^ 
routines, diet, habits, and circumsiaticcs 
to restore the .smooth working of the hody- 
mind. 

That readjustment may be impeded by 
many conditions beyond Mr. Eveiyinati's 
immediate control. He may find hv is 
under-nourished, ill-housed, cramped and 
restrained, living under vexatious compulsion, 
and urged to efforts beyond his powers. 
He may find it is not so much himsell that 
is out of gear as the world of Man about hiin. 
His attempt to change his circumstances nia\ 
bring him face to face with colossal advci- 
saries. Social, economic, political forces, the 
pressure of other and more fortunate people 
may impede him in the performance of tln sc 
primary duties. Then, if he is still to hv 
content with life, his persona will adaj)t 
itself to a struggle in which hope, and some- 
times disinterested hope, may have to Ix' 
the substitute for fulfilment. Some sort ol 
inflation of the persona is the normal us- 
ponse of the human being to frustration of the 
impulse to be free, vigorous, and mentally 
and physically satisfied. That impuls(‘ is 
thwarted because of fear and indolent e ; 
it is thrust down into the anima, and its 
failure is rationalized often in some qnasi- 
religious form as resignation, as viriiioiis 
contentment, or the like. Compensation is 
sought in hopes and dreams of a future lilc, 
in which abstinence will be a recogni/ed 
virtue and everyone who has meekly bui led 
his inadequate talent will be disproporlion- 
ately rewarded. Or the thwarted, ham- 
pered, and restricted human being may still 
keep the spirit of conflict alive, and then the 
inflation of the persona will take the form 
of self-identification with all the disinherited 


or oppressed in the community, with the 
Common People, with the Proletariat or 
what not, and lead to socially wholesome 
insurrectionary and revolutionary activities. 

Here our interest in such activities is 
strictly biological. They appeal to a biolo- 
gist as being more wholesome than snh- 
missiveness and self-effacement. They are 
more conducive to progressive evolution. 

They are attempts to readjust through inflat ion 

and not through repression, and they may 
open a way to more generous institutions 
and more favourable methods of sona 
association. The body-mind of Mr. and 
Mrs. Everyman is the outcome of a \ 
process of evolution, and it exists now — so iar 
as we can say it exists for any puipose at all - 
to try out its distinctive possibilities to the 
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utmost Old to reproduce and multiply its 

then, it is a primary duty for 
xr/ p\uvman to see that he with his like 
:!„d kin is'i'cd properly, clothed properly, that 
I ha'^ tlbow-room for the development 
If ill his possibilities, and lives as fully as his 
nature ])ermits him to do. Only through 
the inlhitjon of his persona in such a fashion 
iluit he liecomes— to use Aristotle’s term— 
n political animal can he bring himself into 
an rflcctivT relationship with the general 
problems of the species. He can only do 
his primary duty to himself and struggle for 
sustenance, freedom and opportunity with 
anv hope of enduring consequences, by 
inerting his individual push and his indi- 
iidiiar hopes in some aspect or another 
of the collective struggle of his kind. 


§ 4 

Of Self-Knowledge and Moods 

Since the individuality seems from a 
hiolot^^ical point of view to be the primary 
business of the individual, a certain intelli- 
gent egotism may be considered as among 
the* more fundamental moral requirements. 

Intelligent,” we say, and not merely 
egotism. Modern morality differs from all 
pieceding conceptions of goodness in its 
increased insistence upon the duty of 
knowing and understanding ourselves and 
others to the full extent of our capacity. 
The “ simple faith,” the “ simple virtue ” 
of former limes we are now inclined to 
dismiss as intellectual sloth. There is no 
goodn^'ss in conscious conduct without 
criticism. 

It is not sufficient for the individual to be 
generally well-behav€d. In that case Nature 
might just as well have made us all alike. 
Tuch individual is an experiment ; each 
individual has special qualities, can do 
yimc things better and more effectively and 
joyously than others. It is the biological 
obligation of Mr. Everyman to develop his 
tlisti active disposition, to spend rather than 
i^ory his talent. Circumstances, lack of 
education or mis-education may render 

-discovery and self-development per- 
Ph'xing or difficult. That is Mr. Everyman’s 
personal bad fortune ; that is his fight. 

1 o measure ourselves against our fellows 
^od define our differences is not an easy task, 
but we have all our lives to do it in, and a 
ho gc part of our daily experiences to do it 
In the great development of psy- 
eh logy that has gone on since this century 
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began, there has been a steady’ approach 
to a classification of temperaments and 
intellectual types. Of that we have written. 

It is the business of Mr. and Mrs. Everymaii 
to learn about these things, dliere is no 
need now to live in that atmosphere of 
cloudy illusion about oneself which seems 
to have been the lot of our grandparents. 

It is our business to know what we can do 
well and what we cannot do well. The 
thing we can do well is what we arc for. 

It is our duty to occupy ourselves with that 
if we possibly can and not with other things. 

It is not only our duty. Doing the thing 
we can do exceptionally well is also the most 
agreeable way of living. We should not be 
deflected from that by snobbish or sordid 
considerations. It is better to be a good cook 
than a mediocre hostess, or a good instru- 
mental musician than an unoriginal com- 
poser, To do what one can do best as well 
as one can possibly do it is success in life, 
and honours, rewards, praise, recognition, 
and record are mere incidental stimulants 
that have no part in the final reckoning. 

Self-knowledge is not complete with only 
a realization of our gifts. Equally incumbent 
is it to define and measure our deficiencies. 
We have to keep a watch against those 
pleasant self-delusions for which our egos 
have an inordinate appetite. None of these 
things arc easy, none can be achieved by a 
simple prescription, and the duty of modern 
men and women to keep the edge of self- 
criticism keen by a sustained and sedulous 
study of mental processes is manifest. A 
time may come when an ignorance of mental 
science will be scarcely distinguishable from 
moral imbecility. 

One of the most important and one of the 
most neglected aspects of self-knowledge is 
a measure of the quality and extent of our 
moods. The stupid man thinks he is the 
same man always ; children and immature 
minds cling to the same delusion. The 
trained observer of mental stales knows that 
he plays the theme of his individuality 
with many variations ; it may even be a 
fugue with interlacing themes. Many people, 
the majority of people perhaps, still go 
through life without realizing how their 
minds are coloured and diverted by, for 
instance, physiological states. Unaware of 
this, they strive to rationalize all they do, 
insist on a false consistency, and accept and 
make themselves not merely responsible but 
advocates for the righteousness of every 
escapade of the insurgent anima. They 
cling obstinately to the things they have done 
or to the attitudes they have adopted long 
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after the moods that produced those attitudes 
have diffused away. It is the afterthoughts 
that are thrust back into the ^nima. 

If I had not mant to do this, I should 
not have done it,” they say. “ This is 
precisely what I have always intended to 
do.” 

Or they make rash vows to fix the impulses 
of some quite exceptional emotional storm. 
“ Never more will I — do so and so. Never 
will I forgive. Never will I speak to him.” 

This is a condition of things that will 
change very rapidly with the diffusion of 
newer and clearer psychological ideas. 

It is not only that these ideas will dispose us 
to be more wary of holding our persona to a 
rigid consistency and make us more dis- 
criminating in our definition of our own 
purposes, but they will also do much to 
mitigate the harshness of our judgments 
upon other people. We shall discover a new 
charity towards those about us when we 
realize how often their acts, attitudes, and 
failures may be the result of transitory 
and explicable irritations, fatigues and 
passing obsessions. We shall become more 
critical of ourselves and more tolerant of 
others. We shall define our fundamental 
ends with a greater clearness and pursue 
them with all the more effectiveness because 
we shall not allow our incidental aberrations 
to turn us permanently aside, and we shall 
encounter the resistances and opposition 
of others without bitterness or condemnation. 
The hates, the revenges, the scoldings, 
false accusations, campaigns of spite, sudden 
acts of violence that now embitter the lives 
of the great mass of human beings may be 
very largely eliminated as our realization 
of the mischief of our own moodiness and our 
comprehension of the inconsistencies of our 
fellows increase. Life may change. It is 
still for most people much more of a scream- 
ing, grabbing, quarrelling, lying, resentful, 
blindly impulsive and incoherently wasteful 
affair than it need be. But there exist 
now nearly three centuries of novels and 
descriptions of manners and behaviour, and 
nobody who studies these can doubt that in 
that space of time common everyday life 
has become more dignified, kindlier and 
more generous. After his primary duties 
to hiixi^lf, the first duty of Mr. Everyman 
to ot^rs is to learn about himself, to acquire 
pois6 and make his persona as much of a 
cultivated gentleman as he can. He has 
to be considerate. He has to be trust- 
worthy. 

It is in our most intimate relsftions, in the 
relations between husband and wife, between 
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p^ent and offspring, between dircctois 
subordinates, between employers and cm 
ployed, for example, that the erratic 
pulses of the mood work their worst and 
need most to be anticipated, averted hi^h 
when they break loose allowed and atoned 
for. Steadfastness is a strain and should be 
realized as a strain. Repressions accumul ite 
below any line of conduct continually 
followed. Life is change ; when chanfre 
ceases life ceases, and many of these dose 
and important relationships tend to herome 
habitual in their manifestations and lose 
their stimulating quality. In spite of their 
great intrinsic value to us they coast* to 
interest ; they begin to bore and the anima 
gathers vigour. One of the conimonest 
experiences in the lives of saints is the dis- 
covery that all the opening ecstasies of 
faith have faded, that the wonderful life 
of holiness has lost its light, that God has 
hidden himself away. Lovers can have the 
same dismaying experience. Then tfu* way 
is open to irrelevant impulses and many sorts 
of self-contradiction. 

Such lapses are psychologically inevitable 
and two-thirds of their har^ulncss vanishes 
if this is recognized. The harm comes in 
when they are rationalized as permanent 
changes of direction, when the saint finds 
out he is damned, the lover that he ne\er 
loved, or the three collaborators find each 
other “ impossible.” The sane iruidern 
man takes noliday and returns refreshed, 
and is not too greatly perturbed if his anima 
suddenly thrusts a needed holiday ii])on 
him. And what is perhaps a degree more 
difficult, he must realize the same necessity 
in others. He cannot exact from others a 
perpetual persistence he does not practise. 
The real value of conduct lies in its main 
tenor and in the vigorofK resumption ol that 
tenor after interrimtion, and not in its perfect 
coherence and inflexibility. 

§ 5 

Candour 

The conception of the conscious individual 
that is built up by modern biol^cal sc ience 
and introspective psychology differs in many 
respects from the older idea of a human self. 
The older idea was more compact and dclinite 
and altogether unified. John Everyman 
was just plain John Everyman and evermore 
should be;,,, so. In those unanalytical days 
people no more questioned that than they 
questioned that Old England was f)lo 
England or that people were either good or 
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bao, the scalpel, the microscope, the 
of the less familiar aspects of life 
and the searchlight of an intensive criticism 
have <tli combined to undermine our confi- 
in the simplicity and absolute integrity 
of individuals. We begin to apprehend the 
traiisiiory, provisional, and fluctuating factors 
and aspects of a human self. 

Ill those unsuspicious pre-scientific days 
John Iwcryman could really think of himself 
as hoxod-up in himself, as absolutely separate 
from all the rest of things, able to keep his 
lhon^hts and motives to himself, free to do 
just what he liked with himself. He could 
niakt' his own plans for his own ends. He 
could lie and cheat other people, but it did 
not occur to him that he could ever lie to 
himsc'H. 

But now objective science is bringing it 
lionic to Mr. Everyman that he is a product 
ol oi i^anic evolution and that this conscious 
individuality of his is a synthesis of processes, 
which is directed rather to the survival 
of <i collection of genes than to its own 
clisiinct and separate affairs. He has been 
l)o\t‘d-up in himself for a particular end, 
and that boxing-up is not the primary verity 
lie thought it was. And psycho-analysis 
shows him that, all unawares, his ego has been 
peipctually imposing interpretations upon 
the intimations of fact that come to him, 
exalting this in the persona or thrusting that 
down out of recognition into the anima. 
ll dawns upon him nowadays that this 
woiking idea of conduct as a boxed-off 
sep.nale game against the universe may be 
illusion. He is not entitled to all that 
pnvacy. It was a narrow and cunning idea 
ul existence. He belongs, he now appre- 
hends, to something greater than himself, 
something that modern science is gradually 
euahling him to realize. He is a part. 
He is not a cut-off unity. He is neither a 
beginning nor an end. 

As this realization soaks into people’s 
minds, it changes their attitude to conduct 
\f“iy profoundly. They develop what is 
called “ the scientific attitude of mind ” ; 
die scientific style of behaviour. The first, 
fnosi marked characteristic of this modern 
‘Attitude is the unprecedented value it gives 
lo candour. We are all experiments to- 
Kctlier, says biology ; we are all serving in 
the education and growth of life, and all 
the plotting and planning and hiding things 
from each other for small private and personal 
^dvaiitages that constituted the bulk of 
human reactions in the past is seen suddenly 
‘ur the waste and folly it is. The psycho- 
‘Uialyst has revealed to us. the advantages 
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of candour with ourselves, the advance of 
science in the last two centuries has opened 
before us the splendour of candour between 
man and man. A commandment, omitted 
strangely enough from the Tcu delivered at 
Sinai, has become the dominant one for 
the new world : “ Tell the Truth. Hide 
nothing.” 

As that has been realized as a primary 
duty the pattern of persona in fashion in our 
world has undergone enormous changes. 
We have no quantitative science of conduct, 
no systems of measuring changes in the moral 
atmosphere, but it will express something 
of what we are seeking to convey if wc assert 
that the changes in the spirit and nature 
of conduct that have occurred in our modern 
communities during the past hundred years 
far exceed any of the changes in mechanical 
realities or any of the extensions of knowledge 
that have gone on during the same period. 
A hundred years ago conduct went on under 
a burthen of definite injunctions and definite 
prohibitions, under a burthen of n;pressioiis 
and concealments, that have become almost 
inconceivable to-day. I’o go back to the 
novels and plays before the new era began 
is to realize something but not all of that 
change. All life in these representations 
seems to be going on in blinkers, to be 
“ meike-believe ” enforced in the most terrible 
and cruel fashion. Everyone pretended to 
be pious, patriotic, and genteel, and many 
succeeded in being so. The Unconscious 
was indeed a cesspool in those days, and 
the general decorum Wris relieved by out- 
breaks of dirty and nasty libidinousness. 
These lacked even the dignity of defiance. 
They were flushed and furtive in manner ; 
they were made for the sake of their foulness 
rather than their freedom, like the stories 
of mediaeval monks. There was plenty 
of shamefaced vice, but then so many things 
were vicious. The sexual suppressions of 
the genteel found release in a perpetual 
discussion and reprobation of “ the nude.” 
All mankind seemed hiding from itself. 
Souls and bodies were hidden even from 
their owners. Slowly throughout the past 
hundred years the long lost human form 
has been unveiled from the ankles upward 
and from the chin downward. The long 
lost human soul has dared an even greater 
unveiling. Could our great-grandparents 
be brought alive again to-day, the miracle 
would probably be wasted upon them. They 
would die of shock. 

To them our atmosphere would seem to be 
one of bliiMing candour, of reckless reve- 
lation. If they did not instantly die they 
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might come to realize and even admit that 
social existence is already cleaner, easier, 
happier, and better than it has ever been 
before. 

The movement towards frankness, which 
marks the new confidence in reality that 
has been diffused throughout the modern 
community by scientific progress, is still 
only in its opening phase. Great sections 
of the human population remain untouched 
by it and whole regions of the world. So 
far tlie main initiatives of the dawning 
scientific period (for we are still only in its 
dawn) have produced little more than a 
conspicuous abundance of mechanisms, a 
more efficient hygiene, and these new 
qualities of the persona that are spreading 
so rapidly about the world. The exterior 
things were the easiest to achieve, steam and 
electric mechanisms, ships of steel, great 
guns, chemical dyes, aeroplanes, submarines. 
It is more difficult to undermine and replace 
mental organizations. They live out their 
lives, will neither change nor die, and offer 
gicat individual and collective resistances. 
They insist therefore upon a slower rate of 
progressive change. 

It is easier to scrap a stage-coach than a 
public school, and to cover the world with 
a network of wireless messages than to 
change the framework of a system of ideas. 
The bitter experiences of great wars and 
much waste and suffering seem to mark an 
unavoidable phase in the adjustment of such 
serviceable ideas of the past as patriotism 
and loyalty to the ever-broadening neces- 
sities of the coming years. In social and 
political questions, and in particular in 
our loyalties and patriotisms, we are still 
terribly insincere and repressed. There 
remains far more political than sexual 
repression . The affairs of this swiftly develop- 
ing world of mankind are now being con- 
ducted, obstinately and tenaciously, in 
accordance with traditional pictures of the 
universe that are anything from fifty to a 
thousand years out of date. 

§ 6 

Restraint and Poise 

We have shown that the contemporary 
mind is a mind that has been throwing off 
traditional repressions to an enormous extent. 
The conscious life has descended into the 
Unconscious and flung open the gates of 
repression. Among the younger generation 
nothing seems to be hidden iind nothing 
forbidden. But having established this 
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wide liberty, the problems of the bVianco 
of motives and decision to act return 11 th 
new daylight and demand an open and 
conscious solution. 

Nobody—the young least of all-wants 1 
mere life of immediate impubes. ] uinir 
for the moment brings its punislnnenis 
swiftly. Some selection of impulses is uti- 
avoidable, some hierarchy of purposes and 
motives. Every generation in its turn 
seeks that definitive element for the persona 
that our Victorian ancestors used to call 
“ a purpose in life,” a conception of oui 
general aim by which all our other impulses 
can be measured and to which they c.m 
be adjusted. To-day there is as urgent a 
need as ever for that guiding outline and 
framework of the persona, and the gieai 
advances that are being made in the clarit\ 
and reality of our psychological ideas niaki 
it far more possible than it has ever Ixiui 
before to effect an adjustment. 

The first, most imperative needs ol' oui 
organism have first to be assuaged. Therr 
is no possibility of a general scheme ol 
conduct when one’s mind is obsessed l)^ 
overpowering hunger or thirst or feai. 
Until these are assuaged the rest of Hie s 
problems are in suspense. These provided 
for, we have next to consider our sexual 
urgencies. To multitudes of people and 
to most of the young, morality is little inoic 
than a feverish struggle for sexual ad)Uisi- 
ment. In the everyday use of the woid m 
English a moral man is a man who is sexualK 
correct in his behaviour. Many peojile 
never get past this intense preoccupation 
with sex to any more general moral concepts. 

The sexual life of a human being is a 
retarded one. It is thrusting to the surface 
of consciousness against many retarding and 
repressive forces from a very early age. 
There may even be innate restraining in- 
fluences. It can be evoked premaluieh 
and inconveniently, and there lies one ol 
the most difficult of modern social problems ; 
the protection of the immature from un- 
necessary stimulation. That is the reason 
for public decency. The sexual possibilities 
of the young*" may lead them to a concentra- 
tion upon sensuous and crude emotional 
reactions, too vivid, exacting and exhausting 
to permit full mental growth. They can be 
“ used up ” by sex. But on the other hand 
excessive concealment and a decency carried 
to the pitch of inquisition and exaggerated 
horror may drive the young into secret 
cults and "practices and may impose upon 
them quite monstrous suppressions. It 
a pity that sexual curiosities should have 
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, I, i. filed for ages with such words as 
I:'';"; and “filthy” and represented as 
Every healthy human being has 
through stages of curiosity, peeping, 
d experiment. The holiest saints, the 
>f women, could confess to indelicate 
in childhood. It would be far 
better if the young understood the universality 
their troubles. The first flutterings of 
desire .irc no more shameful than the first 
flutterings of a nestling. They are clumsy, 
but natural, and there is no need to taint 
jnd poison them with horror and moral 
dismay. The avoidance of unnecessary and 
premature sexual stimulation does not mean 
concealment. But it does mean the pas- 
sionless presentation of facts. Clearly and 
calmly imparted knowledge, not too long 
delayed, is the first necessity for a wholesome 
adolescence. 

And naturally as adolescence proceeds 
the bc'xual complex gathers power. We 
may present the facts as passionlessly as 
we like ; but that will not prevent the 


There is a sort of propaganda of indulgence 
and shamelessness now as mischievous as 
old propaganda of disgust and repression. 
The fact seems to be that human beings 
are capable of a very wide range of behaviour 
in these ^matters. Little or none of the 
seasonal excitability of many lower mammals 
is observable. Many men and many more 
women practise complete abstinence from 
physical love-making for long periods or 
for a lifetime without any ascertainable 
mental or physical distress or injury. Many 
others seem under the sway of a real necessity 
and may be greatly troubled or disordered 
mentally by restraint. In women par- 
ticularly sex may be latent for long periods 
and then begin to stir, often in very vague 
emotional forms. For normal men an 
occasional happy indulgence seems to secure 
a general tranquillity. The meaning at- 
tached to that “ occasional ” may vary 
widely for difi'erent types. If wc had more 
exact facts to give wc would give them here. 
But that is all we know. 


growing individual making a personal 
application of them and feeling in due time 
the increasing power of desire. What has 
modern morality to say to that ? 

The rude morality of the past, pre- 
occupied with problems of social stability, 
was all for prohibition and restraint except 
within the limits of a rigorously defined 
marriage Within the marriage bond no 
amount of indulgence was excessive. The 
“ new moralist,” tremendously impressed 
by the psycho-analysts’ revelation of an 
almost universal craziness in mankind due 
to sexual distortion and suppressions, has 
been throwing all his weight in favour of 
as free and abundant gratification as possible. 
He advocates the widest possible diffusion 
of birth-control knowledge, trial marriages, 
nnd temporary unions. The more play of 
■sex there is, he asserts, the less wc shall be 
bothered about it. His hostility to suppres- 
sion is as great as the mediaeval hostility to 
indulgence. 

The spirit of the age seems to be with him. 
fiut it is arguable that he goes as far in 
pne direction as the old school did in another. 
Ihe old teaching was that complete con- 
tinence for long periods of time or for always 
Was quite possible for human beings and 
on the whole better for them than indulgence. 
A priori this seems improbable. Many of 
<^>m‘ new liberators, however, seem to go 
^bogether beyond established fact in the 
t^'pposite direction. They seem to insist 
^'pon unrestricted sexual indulgence as a 
condition of bodily and mental health. 


Because of the tabus and repression that 
have hitherto prevailed and the consequent 
obstruction of research, we are still in the 
dark about the physiological facts underlying 
that extraordinarily variable and intricate 
thing, the sexual complex. Plainly it is 
a thing that bulks enormously in our mental 
life. Wc must admit that, even if we do not 
go all the road with the extreme Freudian. 
Its most perplexing aspect is the way in 
which it spreads its tentacles from the lowest 
to the highest strata of our minds and the 
rapid interaction between highest and lowest 
that it makes possible. If sex were a mere 
physical need it would present no problem 
of any difficulty to the moralist. Satisfy it, 
he would say, and take any necessary and 
obvious precautions that may be necessary 
so that it does not disorganize your popula- 
tion balance nor disseminate any infectious 
or contagious disease. So far as disease 
goes, prompt douchings and washings with 
such a substance as potassium permanganate 
in any case of doubt becomes a moral 
obligation, and any germicide that will 
kill the spennatozoa or any contrivance 
that will bar efficiently the access of the 
spermatozoa to the ovum, is manifestly 
sufficient to meet the needs of his second 
qualification. It is not within the purview 
of The Science of Life to discuss these matters 
in detail ; suffice it here to say that what 
we may call the coarse control of sex, that 
is to say the easy elimination of its possibilities 
of undcsired offspring or disease-dissemina- 
tion, is quite within the reach of intelligent 
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people.' The complete abolition of such 
hideous diseases as syphilis and gonorrhoea 
could be achieved in two or three generations 
if a world-wide observance of a few perfectly 
simple precautions could be imposed. But 
at present the mental and moral confusion 
of our species forbids any hope of such a 
feat of hygiene. 

But this cleaning up of the sexual act 
which is now in progress in the more 
civilized communities, so that it becomes 
socially and physiologically harmless, does 
not begin to give us a new sexual morality. 
It merely clears the ground for a new sexual 
morality. Except in possibly the case of a 
few imbeciles the sexual act is never merely 
physical. It is not even mainly physical. 
It is involved with a whole world of sensuous 
and aesthetic discriminations. The state of 
the genital secretions causes changes in 
the blood that affect the colour and stir of 
the whole mental life, and conversely mental 
and particularly aesthetic excitation affects 
the amount and vigour of the physical 
sexoal activities. There is a quality of 
preference in most sexual advances and a 
sense of selection. Self-love is involved 
profoundly. There is a peculiar pride and 
glory in the successful exercise of choice 
in this field. Hardly any form of human 
love-making exists without some element 
of flattering illusion. The sense of personality 
is stirred to its depths. For most people 
it is the culminating self-assertion. It is 
therefore usually and very easily competitive. 
It may give rise to intense rivalries, devour- 
ing jealousies, bitter resentments, and the 
extremest humiliations. As we have already 
pointed out, all our troubles to adjust 
ourselves in these matters are quite un- 
affected by the modern detachment of 
sexual intercourse from parentage and in- 
fection. 

The sexual complex is the greatest power 
in our minds to bring our conduct into 
relation with our fellow creatures ; there 
we incline towards the Freudians ; but it 
is not the only one. There is, for example, 
the whole tangle of solicitudes about our 
personal power and position in life, a dread 
of being in difficult and possibly unsuccessful 
competition with other people, which the 
Freudian would explain as obscurely sexual 
or ignore, and winch Adler would make 
our predominant concern. The problems 
and rules of conduct towards others differ 

^ Further information can be found in Wise Parent^ 
hoodt by Marie Stopes ; Parenthood : Design or Acci- 
dent ? by Michael Fielding ; or Happiness in Marriage f 
by Margaret Sanger. 
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only in intensity in these two and an\ othpr 
possible fields. m ^ 

The individual has first to make up his or 
her own mind about physical sexual gratiiica- 
tion. Is it necessary in his or her indi\ idual 
case ? Is it oppressively necessary ? What 
restraints are necessary to keep it within 
bounds and prevent injuries or evil acconi- 
paniments? What are to be its mental 
accompaniments? Does it concentrate on 
some real or imagined person ? What pos- 
sibilities of hatred or tormenting jcalous\ 
must be guarded against ? How is the 
individual sexual life to be lived without 
injury, annoyance, or boredom to othei 
people ? All these are private questions, 
for which no general rules apply. J he 
defect of most moral systems in the past 
has been their rigorous insistence upon 
universally applicable codes of bcha\iour 
But now the contemporary disposition is 
to let everyone build up a distinctive persona 
That persona is what we promise ouiselvis 
to be and what we promise others to be, 
and it is not only wise but an obligation 
to clip our more aberrant impulses to the 
promise of the persona we have adopted. 
We must not betray the expectations we 
have induced people to form of us. And 
though wc have a right to expect a similar 
consistency in them, we must cxernse 
charity if we find at times some rcpiession 
has got away with them. 

In its general trend biological scicnii' is 
at one with all these higher and inori' 
intuitive developments of religious thoughi 
that are called “ mysticism.*’ In all the 
more highly intellectual developments of 
mysticism there is a struggle to escape fiorn 
too intense preoccupation with the sc It 
(“ the body of this death,” to quote Saini 
Paul) and an endeavour to identify oneself 
with some greater, more comprehcnMve, 
immortal being. Now as we have unfolded 
this general outline of biological fact wc 
have found a constant dissolution of our 
ideas of the primary importance of individual- 
ity, and a growing realization of the con- 
tinuity of li& one whole. All that has 
gone before m this work, the physiology, 
the comparative anatomy, the genetics, 
the psychology, has agreed in showing iliat 
individualities such as ours are temporal) 
biological expedients, holding great somatic 
aggregations together in one unity. Our 
sense of the supreme importance and un- 
breakable integrity of our “ selves ” is, 
fact, adomiiiating delusion with great survl^'al 
value. We feel it most in youth and j 
ancc. Then our concentration upon 
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Is most intcim and the thought of defeat, 
frustiation, dFdcath exquisitely intolerable. 
W'e self-expression, for our own 

sun i\ al, for our reproduction, with extreme 
effort. But ripening knowledge and the 
prof^ress of adolescence temper this fierce 
self'concentration. 

It seems possible that man is being evolved 
past this phase of extreme selfishness and 
self-concentration. The tendency of all 
moral teaching and of all progress in conduct 
throughout the development of civilization 
lias been to replace selfishness by fellowship, 
to treat secretiveness, cunning and secret 
motives, greed, injustice, self-assertion, dis- 
regard of the feelings and good of others 
witli increasing reprehension. Modern 
biology simply takes these generally recog- 
nized virtues of trustworthiness, frankness, 
fairness, willing helpfulness, charity, devotion 
to (be commonweal and recognizes them as 
not i)nly normal duties but as reasonable and 
natural ways of establishing and retaining 
mental serenity. 

§ 7 

Evasion^ Indolence, and Fear 

Before we conclude this very general 
review of modern ideas about conduct, wc 
must direct attention to a group of pheno- 
mena which have this in common, that they 
concern a recoil from activity, a certain 
paralysis of will. In the Catholic system, 
based on a very huge amount of searching 
experience, there is, among the list of the 
seven deadly sins, accidie or sloth. It is 
I be inability to live, as St. John put it, 
“ abundantly.” 

In the contemporary civilized community 
there is a very large number of people who 
display this weak disinclination for life, 
who live by habit, who react feebly to 
stimulation, who seem to be inattentive, 
spiritless and joyless. They are what are 
often called “ devitalized ” individuals, 
d hey may have lost physical health, or 
that state of mental health, that confidence 
iti things and themselves bei^ “ all right,” 
which is called “ faith.” Effort never seems 
to be worth while to them. They accept 
second-rate things, are content to do things 
tn a second-rate fashion, and to be second- 
f tte people. Rodents and other creatures, 
'vhen their population numben have passed 
‘‘ periodic minimum and selection is not 
Pressing them too hard, may display parallel 
tepes of Ustlcssness, but most living species 
too close to death to carry many such 
slack individuab. If most creatures do not 


want to live very strenuously, nature sees 
to It that they do not live at all. Natural 
selection does not generally tolerate the 
second-rate. But compared with all other 
animals, mankind is hardly subjected at all 
now to even the shadow of selective killing. 
There is a kind of low-grade security for 
nearly everyone. People arc indeed en- 
slaved, sweated, fed on broken crusts, but 
they drag on, and they can procreate. 
Humanity is certainly accumulating a sub- 
stratum of these dull unkilled. 

But it is not to be too readily assumed that 
all people who submit to lead dreary, un- 
ventilated, uneventful lives arc inferior 
and unnecessary people in their essential 
quality. If individuals inheriting the best 
genes in the world arc born into grey con- 
ditions and ill- nourished and discouraged, 
they may never get stimulation early enough, 
or of the right quality, to develop their 
faculties fully. They may be caught early 
and cowed by pain before thgir courage 
develops ; they may be trained to humilia- 
tions and submission. All conscious living 
is a balance of impulse and inhibition, and 
the balance may easily acquire a permanent 
tilt towards inhibition. Life can scorch 
and sting those who challenge it rashly, 
but from the modern point of view, it is 
better to be scorched and stung and searched 
to the core of one’s being than to stand 
aside and watch the world go by. 

These people whose hearts fail them may, 
and do, find consolation and compensation 
in a multitude of self-protective mental 
complexes. They represent their slackness 
as commonsense, as quiet modesty, as a 
mysterious subtle refinement that keeps 
them aloof from the brawling strain of 
vigorous vulgar life. They thank the gods 
they are not “ pushers,” not “ highbrows,” 
not the mad, restless followers of every 
novelty. They like to do things in their 
own quiet, unobtrusive way. They ca'hnot 
but be amused at the exertions and the so- 
called knowledge of those they do not under- 
stand. There is much quiet laughter of a 
really malicious sort among the victims 
of accidie. They have a sociability of their 
own and are capable of immense passive 
obstructions in a progressive world. They 
line the streets for any passing show, and 
rather hate it as it passes. Then home to 
the den that is never lit by strenuous effort 
or any sense of the purpose that may lie 
before mankind. 

There can be little doubt that in the new 
clearness that is coming to mankind, it 
will be realized that submissiveness to limited 
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education, under-development, and under- 
employment of one’s faculties, will be recog- 
nized as a cardinal sin. This cowenng 
into ignoble but apparently safe nichis in 
the social fabric, this burial of one’s talent, 
this ‘ refusal to learn and understand and 
serve and live to the uttermost, this suicide 
of most of one’s individuality in order to 
keep the rest of the body alive, is even less 
tolerable to the new morality than it was, 


in theory, to the old. The world is p,i .injr 
into a new self-conscious phasf of econ 'mic 
and social organization, which has Jjttle 
use for acquiescent drudges, and may dt’\ t lop 
an active impatience with merely consul nin^r 
parasites and commensals. Modern thmif^du 
calls to everyone who discerns himsoH or 
herself to be cramped and restrained Irom 
vigorous self-:xpression to struggle out of 
that net, play a part and live. 
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The Theory of Body-Soul-Spirit ' 

F or the larger part of this work we have 1 
cotilined ourselves to facts and generali- ; 
/ations dial would be regarded as “ scienti- i 
f,'c” by the majority of scientific workers. ( 
Only in the last three or four chapters have I 
uf invoked the introspective evidence of ’ 
»^\chology, and even then we have done our ’ 
best to keep the very metaphorical quality i 
of its phrasing in view and to correct it by i 
ficqucnl reference to Behaviourist methods ; 
and ide.ts. Upon evidences universally 
.acceptable and verifiable we have built ; 
up our picture of the co-ordinated realities 
we call “ life ” in which our own conscious- 
ness floats. 

^Ve have attempted no philosophical nor 
nR'taphysical “ explanations. We have 
dralt with facts, and our picture is a pre- 
sentation of fact. It is not in the sphere of 
science to offer fundamental “ explanations.” 
Science is simply a scrutiny and a putting 
together of scrutinized facts. Mind has 
conn* into our picture and we have traced 
Its entry phase by phase. We have observed 
this new side of existence becoming more 
important in the scale of being until in 
ourselves it has the effect of an inner world 
reflecting all the processes of the material 
world, and conscious. We have shown reason 
for supposing that our own consciousness, 
so elaborate, so intensely and clearly focused 
upon the realization of self, is only the cul- 
mination of a series of developments closely 
correlated with the material evolution of 
living things. We have suggested that the 
stuff of consciousness may be co-extensiye 
with the material stuff out of which life 
has elaborated itself. As our material 
bodies have been evolved so this stuff has 
1 )ecn gathered together into the unity of our 
minds. But that is only a suggestion, a 
^vay of putting it. It is difficult to see how 
it can ever be more than a working hypo- 
thesis. Life we observe about us abun- 


dantly and freely ; consciousness only in 
ourselves. 

In this account of life we have avoided as 
far as possible certain ancient controversies 
and time-honoured theories. There is a 
very ancient thcoiy that a human being 
consists of • three distinct and separate 
factors, the body, the soul, and the spirit. 

We have troubled our readers very little 
with this concept of our fundamental 
triplicity, either to deny or discuss it, be- 
cause it has been possible to render our 
account of life without it. It is not apparent 
in the ordinary facts of life. What we have 
said about it hitherto will be found in the 
Fourth Chapter of this Book, on Consciousness. 
And here we will make no attempt to give 
a definition of these three alleged factors nor 
say where one is supposed to end or the other 
begin. 

Those who hold this theory of our three- 
fold nature are apt to be loose in their use 
of the words “ soul ” and “ spirit ” and run 
them together very confusingly. But they 
seem to agree that in the case of human 
beings, and possibly also of dogs, cats, 
parrots, and other creatures, there is 
thing detachable, a twofold or onefold 
something— the soul-spirit or ghost, let us call 
— which includes the consciousness, mem- 
ories, and an indefinable multitude of 
characteristics constituting the individua 
difference or personality. This soul-spirit 
can operate beyond the body and by other 
than material means, and may possibly 
persist for an indefinite time or for ever alter 
the material body, the body of fact, has been 

^Tus^dffficult to say whether this immortal 
part is supposed to exist before the conception 
[ or hatching or birth of the individual If 
5 it does so, it must be without individual 
characteristics. So far as these go, it is 
I clearly a synthetic product. It is what the 
/ assemblage of genes has made it. It arises 

- and develops these characterbtics, and once 

- it has achieved this, then, from this ancient 

839 



BOOK 8 THE SCIENCE OF LIFE CHAPTER g 


point of view, there is no ending it. We have 
traced the ^owth of mental life and seen 
how this anses from general material pro- 
cesses. Gradually the personality is gathered 
together out of its material sources and gradu- 
ally it becomes detachable. At last it is 
supposed to float off from its material 
associations altogether ; they have been 
merely its matrix and substratum and in the 
end they may be destroyed ; this destruction 
liberating rather than injuring it. 

In a summary of the Science of Life we are 
bound to consider how far this widely 
diffused and time-honoured theory of the 
possible disintegration of the individual 
into a material perishable part and a more 
refractory and enduring, if much less pal- 
pable, “ spiritual ” part is sustained by the 
body of biological knowledge we now 
possess. 

§ 2 

Dream Anticipation and Telepathy 

But before we come to issues in which 
this theory is involved, there are others 
leading to it and associated with it that can 
nevertheless be dealt with to a certain extent 
in a preliminary study. No one with any- 
thing beyond the most elementary knowledge 
of biological fact will imagine that in any 
direction our knowledge can be regarded 
as complete and final, and there is much to 
be said for the view that considerable regions 
of mental and physiological activity remain 
to be properly explored, and that their 
exploration may yield facts differing in 
quality and implication from any facts at 
present established. Facts may become 
incontrovertible that will modify even our 
fundamental conceptions of life. For ex- 
ample, orthodox science knows no way in 
which the experiences of to-morrow may 
cast their shadow on our thoughts to-day. 
Yet Mr, J. W. Dunne in An Experiment with 
Time has made very curious and suggestive 
observations upon his own dreams and the 
dreams of others that point to the possibility 
that such a foreshadowing occurs. And there 
Is a copious— a terribly copious— literature 
recording facts that seem to show that the 
mental states of one person may produce 
impressions upon the mind of another without 
the use of any means of communication at 
present known to the biologist. 

Mr. Dunne’s observations, reinforced by 
the observations of various friends who have 
adopted his methods, are made at the moment 
of waking frona sleep. The observer trains 
himself to write down, at the moment 
840 


of awaking, all that he can recall ci the 
content of the dream, if any, through \Nhich 
he passes from complete slumber t(. the 
waking state. This— in the case of the niore 
conscientious workers— is typed and put on 
record. In quite a large number of instances 
it would seem, subsequent experiences f reur 
very strongly reminiscent of these dimm 
expressions. A considerable part of our 
dreaming, Mr. Dunne notes, seems to he 
based on experiences in the immediate 
ast ; much of it is the misinterpretaijon of 
odily states ; the chill of an exposed liml) 
for example, suggesting bathing in told 
water ; much, as we have noted m our 
account of psycho-analysis, is ascribahh' to 
repressed complexes ; but also, he btdicvos, 
a considerable residue anticipates experi dices 
of the near future. His statements and those 
of his associates are certainly striking ciioutth 
to justify further experiment in this field 

Science has nothing to oflfer upon this 
matter. Here may be something to moilit\ 
our idea of the relationship of consciousness 
to time* or Mr. Dunne may be the vinim 
of coincidence and his remarkable iucts 
may become attenuated by further iiicpury. 
He has not attempted to filter out the 
anticipatory clement of his dreaming loi 
any practical purpose, but he has wiitten 
some very engaging speculations upon the 
relationship of consciousness to the tinu - 
dimension in space- time. It is to be noted 
that there are well-authenticated cas(‘s of 
dreams charged with foreboding, which 
nothing occurred to justify. They have to 
be weighed in the balance against dream- 
anticipations. 

The possible action of one mind upon 
another, so that a more or less exact parallel to 
a mental process in the one is induced in the 
other, is called telepathy. It is, to use a very 
clumsy parallel, a sort of mental wireless 
telegraphy. As exemplified by Profissor 
Gilbert Murray and his daughter, for ex- 
ample, one observer concentrates his atten- 
tion on a book or picture, while the other, 
out of normal sight and hearing in another 
room, waits with a vacant mind to record 
whatever impression is received. Results 
have been got by these two, of a quality 
and exactitude difficult to explain by any 
other hypothesis than that of a direct 
thought-transmission. Fairly complex draw- 
ings have been rudely reproduced, /lud 
scenes read by the one nave been described 
by the other. Sir Oliver Lodge, among 
others, has produced very remarlmble results 
with drawings. Nevertheless it remains 
quite impossible to formulate any explan a- 
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„( I his process in terms of established 
dentil- fact. The analog to wireless 
ecraphy is at best a very Iwse analogy ; 
huinaJi brain has no structural resemblances 
to a wiiTless station, and the mechanism 
of transmission, if there is any transmission 
through the normal sense-organs, 
must be upon widely different lines. 

Xhat distinguished man of science. 
Professor Charles Richet, who accepts tele- 
pathy as a fact, hypothecates a “Sixth 
Sense which operates in these cases. This 
seems to be a sense without special sense- 
organs. Other critics resort to the phenom- 
ena of hyperaesthesia with which we have 
already dealt. Others again either challenge 
the good faith of the experimenters or mini- 
mize their agreement down to the level of 
coincidimre and natural parallelism. Kin- 
dred minds they say are parallel minds ; 
two p(‘()ple very intimately related and 
acnistomed to each other’s society may 
follow closely similar paths of mental asso- 
ciation and may respond in precisely the 
same wav to the same circumstances. In 


when every concession has been made there 
remans a vast proportion of failure in tele- 
pathic endeavours. The public is too apt 
to hear only of telepathic successes. 

It is to be noted that in chess tourna- 
ments and bridge clubs, where human 
brains intensely concentrated upon identical 
problems are brought into close proximity, 
telepathy is not observed, nor does the 
thought of it trouble us in the ordinary 
reservations, evasions and falsehoods of 
everyday intercourse ; it is unknown in the 
jury-box and unused or not reported from 
the connubial pillow. The mind of the 
recipient must be lax ; that is the claim ; 
and where people are too vividly interested, 
that laxity of mind is unattainable. It is 
not high-pressure strained activity luit low- 
pressure activity. For all practical purposes 
at least the human cranium remains opaque. 

These are reasons for keeping our heads 
when we hear marvellous stories of thought- 
transmission, but there is no justification for 
an intolerant rejection of the idea. After 
the monstrous accumulations of half-evidence 


this way, loo, by this insistence upon the 
parallel working of similar things, it may 
he possible to account for the remarkable 
unison in the flight of social birds and in the 
movements of gregarious herbivora. 

It increases the diflficulty of this discussion 
that everv shade of credibility is to be found 
in the ea'^cs cited, from the unimpeachable 
integrity of Professor Murray to manifestly 
dishonest witnesses and observers. And 
there is hardly any form of telepathy that 
cannot lie imitated by conjurers and other 
professional entertainers. There is an inde- 
linahle element of untrustworthiness in most 
of the witnesses and po.ssibly in all. Exag- 
geration of statement for the sake of emphasis 
i'i a coinmon error of the human mind, and 
^ost o( us would rather have an over- 
accentuated story to tell than nothing 
remarkable to say. 

Moreover, these mental experiments are 
dependent upon the moods and health of 
he ^xperimenters, and all arc complicated 
the fact that as frequently as not the 
renpient draws or relates something entirely 
1 erent from what was in the mind of the 
ansmiiter. When the transmitter thinks 
rp perhaps explicable if the 

cipient thinks of a cat, the British Empire, 
hm^n the zodiac or the map of Asia, 
it becomes more difficult if he records 
pair of sliders or the North Pole. It is 
n very difficult to define what is relevant 
l^hat irrelevant and 
it inuous in mental association, but 


and pseudo-evidence in this field have 
been sifted and reduced, there remains 
enough to justify an attitude of critical 
indecision. Whether through Professor 
Richet’s as yet unlocated and undefined 
“ sixth sense,” or in some other way or 
ways, there does seem to be sufficient evidence 
of some unknown reaction of the thought 
process of one individual upon the thought- 
process of another to invite further inquiry. 
There is certainly nothing in the idea of 
telepathy that runs counter to the general 
scientific ideology. But also there is nothing 
to forbid a practical scepticism in the 
matter. 

It is arguable that if this telepathic faculty 
or “ sixth sense ” is an actual possibility 
it should have played an important and 
recognizable part in the evolution of the 
animal world. Has it done so ? If it 
possessed a survival value for any particular 
species, we might reasonably expect to find 
it highly developed in that species. But 
do we find it highly developed in any species ? 
It should have a use in social co-operation. 
A re-examination of the behaviour of wasps, 
bees, and ants from this point of view might 
shed new light on what Maeterlinck calls 
the “ spirit of the hive.” Something may 
still remain unexplained in the emotional 
infection of crowds. There are such things 
as undesirable possibilities and for the human 
type telepathy may be one of them. Man 
is an intensely individualized ” anin^l. 
Individuality is a biological device that, like 

841 



BOOK 8 


THE SCIENCE OF LIFE 


9 


chapter 


all Nature’s devices, has to be protected. 
At certain stages in evolution, telepathic 
faculty might easily prove a hindrance 
rather than a help to survival, and the opa- 
city of the normal human skull to “ thought- 
waves ” may be a necessary condition for 
efficient action and intercourse, blinding us 
to some very exciting possibilities. It may 
have been an essential part in that separation 
and enhancement of individuality which 
has certainly gone on in the vertebrata and 
other animal phyla. 



Fig. 328. Flashlight photograph showing levitation of 
a heavy wooden table during a seance with the medium 
Eusapia Paladino. 

{From Lombroso's “ Fenomeni ipnotici e spiritici. 

Tipografico-Edilrice T orinese.) 


Clairvoyance^ Table-lapping, and 
Telekinesis 

Closely associated with this experimen- 
tation upon mental reactions by unknown 
means at a distance, is another body of 
alleged phenomena of a much more question- 
able t>^e. For the experiments and the 
generalizations arising from them Professor 
Richet, in 1905, adopted the word “ Meta- 
psychics,” which is now in general use. It 
had previously been suggested by Mr, 
Lutoslawsky in 1902. The human mind 
is a necessary factor in these experiments 
and they demand concessions and limiting 
conditions known in no other field of 
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research. They are admittedly assodated 
with a network of deception and deliixi^ratc 
fraud. That is the misfortune rather than 
the fault of these inquirers. Their gmeral 
procedure can be burlesqued or imuaied 
by impostors with the greatest case. 

Possibly these “ psychic phenomena ’ are 
obtainable from all of us, but it is only a 
limited number of people who can produce 
them at such a level of vividness and empha- 
sis as to yield observable and recordable 
results. These special types, when they are 
induced to develop their peculiarities 
systematically, are called mediums. 
We have already had something to 
say of this class in § 10 of Chapter 7. 

“ Mediums,” says Richet, “ aie more 
or less neuropaths, liable to head- 
aches, insomnia, and dyspepsia. . . 
The facility with which their conscious- 
ness suffers dissociation indicates a 
certain mental instability and theii 
responsibility while in a state of train e 
is diminished. . . . A powerful medium 
is a very delicate instrument of whose 
secret springs we know nothing, and 
clumsy handling may easily disorgan- 
ize its working.” 

Geley insists that the medium must 
be in good health, in a good tcmpei 
and not distressed by the experi- 
menters. In italics he writes : “ 'Ik 
phenomena are the results of a subcunsemu^ 
psycho-physiological collaboration between 
the medium and the experimenter P Not 
every sceptic may be admitted to these 
investigations. In a seance the ob- 
server is part of the exhibit. 

Manifestly, in view of these (on- 
siderations, “ seances ” demand a 
very special sort of inquirer ; we 
need to combine the qualifications 
of the sympathetic alienist, the 
criminologist, and the professional conjurer 
with those of the psychologist, physiologist, 
and physicist, and to blend faith with criti- 
cism in a remarkable way, if we arc to 
approach the experimental part of this 
work with a reasonable hope of competent 
observation. The ordinary citizen who 
plunges untrained into psychic and meta- 
psychic experimentation is as likely to make 
a useful contribution to science and to itrofit 
by his self-confidence, as if he set himscH 
without any special preparation to trving 
out new types of aeroplane or the investi- 
gation high explosives. It is U) fie 
regretted that so many unqualified people, 
often people gifted and experienced in other 
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directions, have lacked the modesty ner 
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,Ht lin from casual participation in these 
^viuiimcnts and have consented to the 
ubll^ation of their injudicious and practi- 
ally vvorthless condemnations or confirma- 

physical conditions under which these 
.onsiuves consent to display their gifts 
ncrrase the difficulty of the inquirer s task. 

1 ight it seems, is very inimical to psychic 
4cMiomena. It must be shut off more or 
less completely. Red light is least un- 
favourable and may be used with dis- 
cretion- On the other hand some such 
distracting noise as the tinkle of a 
musical box is a great help. The in- 
quirer's sight and hearing must be used 
witli these handicaps. Moreover, the 
observers have to assist with their hands 
and often thfeir feet embarrassed. A 
circle must be formed for the “ influ- 
ence ” to operate. Hands must touch 
hands and feet feet. Indefinite periods 
oi waiting ensue under conditions 
strongly conducive to boredom, fatigue, 
hypnotism, and sleep. Few dabblers in 
inetapsychics can be at their critical 
best when “ phenomena ” occur. 

Moreover, the investigator is usually 
obliged to acquiesce in a sort of question- 
l)egging mythology about the facts he 
sees. The medium, it is commonly 
alleged, is merely a medium for other 
minds and wills ; through him or her, 
ghosts or other bodiless spirits arc sup- 
posed to operate, cither by taking 
possession of the central nervous system 
and working the larynx, limbs, and 
other parts, or by other less direct mani- 
lestaiions possible only in the medium’s 
presence. Phenomena of various types 
arc produced which are ascribed to 
some ghost or elemental spirit which is 
known as the medium’s “ control.” 

The critical observer must tacitly accept 
this assumption, or, at any rate, he 
must waive his objections to it if he 
assists at a seance. He may assume 
that the controls are partly dissociated 
personalities in the medium’s brain, or that 
they are products of her subconscious mind, 
analogous to the creations of our dreams. 
But he will have to put his mind in the 
posture of recognizing these “ controls ” as 
realities. 

Psychic ” phenomena are of various 
types. One group comes under the heading 
of “ telekinesis ” and includes all movements 
of objects due to the presence of the medium 

not made by means of any forces known 
to normal science : tables tilt and arc 


elevated, objects arc thrown about, tam- 
bourines are rung. Another set of phenom- 
ena includes clairvoyance and clairaudience. 
The observer is dependent on the word of 
the medium, who sees and hears things 
unseen or unheard by the observer. In 
more elaborate manifestations the medium 
goes into a trance-state and then talks, often 
in strange voices which ramble on, give 
advice, answer questions, profess to be the 



Fig^ 329. Photograph taken during a shnee, showing 
^ the medium Kathleen Goligher raising a table. 

The table is obviously propped up by a rod coming f 10m between 
her knees, and from which a veil -like object is hanging. Ihese 
structures are interpreted as being formed out of teleplasm exuded 
by the medium. {From “ The Psychic Structures at the Goligher 
' Circle,” by W.J. Crawford, D.Sc. John M. Watkins.) 

voices of deceased persons, deliver messages 
from the spirit world. Certain mediums are 
said to have told people secrets known to no 
other living person but the hearer and the 
controls, by the use of intimate names, 
old memories, and personal turns of thought 
and speech are frequently able to satisfy 
those present that they are the spirits of 
deceased friends and relations. 

The successes are more apt to be recorded 
than the failures. In some recent sittings 
in London Miss Rebecca West, the writer, 
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was addressed by a control who announced 
himself as Grandfather West,” and h^Ied 
her as “ Rebecca.” Mr. Dennis Bradley, 
who records the incident, remarks that she 
became “ emotional.” This is the more 
understandable when we learn that “ Re- 
becca West ” is a pen-name taken from a 
character in a play of Ibsen’s, and that the 
lady’s real surname is Fairfield. The pos- 
sibility of a horde of ink-relations, if one 
may coin a phrase, parents, grandparents, 
cousins, and so forth being added to one’s 
blood-relations is surely enough to make 
anyone emotional. 

Sir Conan Doyle received a long series 
of communications from a “ control ” 
named “ Pheneas,” who is declared to be 
a gentleman of prominence resident 
“ thousands of years ago ” in Ur, before 
the time of Abraham. Archaeologists may 
yet discover his home. He is not, however, 
a Sumerian, as one might have expected, 
but an Arab — an anachronism. He has a 
penchant for predicting earthquakes. And 
he seems to have contrived a bicycle accident 
for Sir Conan in order to oblige him to 
take a needed rest; he was helpful to 
bir Conan in finding a house in the New 
Forest and he compared Sir Conan’s spiritual- 
ist book-shop to a “ great flare in a pea-soup 

o is known as 

the Star of Hope” and “leaves a trail 
o joy behind him.” In his childhood (at 
Urj he was taught to fear God and that, he 
cxplmns, was all wrong. In that pagan 
City before the time of Abraham, he was 
perhaps fortunate to hear of God at all 
^ven with a Presbyterian flavour. Later 
he won a great battle against odds and 
that was what first drew the people’s atten- 
tion to him. ’ It would. Such feats confer 
distinction on the most obscure. After- 
wards people remarked “ his glorious 
character. At Ur he used to write “ through 
pieces of leafy stuff ’’—disdaining, it would 
^ commonly used in that 
cuneiform writing, 
communications of 

bv Published 
y Sir Conan Doyle. A large part of this 

18 vaguely platitudinous Ld uninterSl 
«t«-eme in- 

stanw of the twe of material produced by 

^Iv ‘liiT state. Gener- 

ally^ the control represents itself as 

wmmg from less remote sources than Pseu- 
donymia or Ur. More often than not it 
clmms to be the ghost of some recently 
deceased person known to some of the in- 
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vestigatora. Sir OHver Lodge lias 1 
means of publication of variL " f''" 
lost sons, mcluding his own mr 
The Raymond “ colimunSC ' 
up into a book together with 
very vivid letters home from tl 
front, where he was killed in ,, 
contrast between the interest anrl , ^ 
of Ae.. and hi. ' 7«. 

commumcaUons through the n i- “ 
very great. Certain recognit ns 'I, JT 

fications are achieved, and beyond dj"?' 
alleged Raymond is either weakly incredl , ' 
or platitudinous. And it would^.-i^^'t; 
his messages have now faded o„i i", r 
communications professing to r(,,n/r " 
the late Frederic William Myers "n, I T 
Hodgson, throiiirii 
«lebrated mediums as' Mn,. I-,;,, 

Mrs. Verrall, have proved equalK larkin! 
m novelty or profundity and eqii.dlv ha,n 
they faded out. The alleged pos.hu.n,,;,; 
minds of these acute persons a]i|jear .is i| 
flattened and faded. And they drsis, 
Iney cannot keep it up— important tlumErli 
the business must be to them. But occasion- 
ally in the minor matters used for idmufic,. 
tion, the grasp of the medium upon small 
intimate points has been remarkable. Such 
a grasp is no evidence whatever for this 
mythology about controls and spirits which 
seems to be necessary for the operations of 
most (but not all) mediums ; in many 
instances it has been of a type to sustain 
a provisional belief in telepathy, and a 
case rnay be made out for further systematic 
investigation by competent persons of pos- 
sible elements of an unknown nature still 
awaiting recognition in the clairvovanl 
state. 

The talking medium is, however, only 
one way in which these abnormal res]X)nscs 
and conimunications ascribed to ghosts and 
other spirits are made. Talking is not the 
usual initial stage. The development of 
inediumship often begins with rappin,L;s and 
the movement of articles of furniture. I hen 
rappings are codified. So many mean 
Yes, so many No. Next there is the spelling 
out of words by means of an alphabet of 
raps. As the communications continue, 
the gathering impatience of controls and 
mediums and observers alike is mitigated by 
the spoken word. Or communications may 
be made by automatic writing ; the ( xperi- 
mehter iJiinks of something else and his 
hand write automatically. Planchctte is a 
httle mobile apparatus which runs about 
under the hands of the transmitter, writing 
down messages. There is indeed a 
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(Y transmission methods. The mes- 
ihe ptenchette, like those of auto- 
matic ''biting, arc concrete enough ; but 
host of experiments carried out by Janet 
d otln is shows that, far from being evi- 
Hmce ol (ommunication with a spirit world, 
thev arc normal channels for the outpour- 
jpjrs ol the operator’s own subconscious 

method of communication, once very 
popular but now out of fashion with mediums, 
was slate-writing. In this type of manifesta- 
’the slates are tied and locked and sealed 
together with a piece of chalk or so between 
them. Alter suitable incantations the slates 
are opened and communications, answers 
to (jiiesiions and so forth are found written 
upon them. 

This slate work has been successfully 
imitated by conjurers. The classical case 
is th.it () 1 ‘ the late Mr. S. J. Davey (set forth 
with (he utmost particularity in the Pro- 
ccedui!^.^ of the Society for Psychical Research^ 
\’ol. I\’). Davey asserted that he had 
mediumistic powers, and, under proper 
observation, produced all the characteristic 
phenomena. He induced those who were 
present at the stance to set down, as explicitly 
as they could, exactly what they had 
observed. He then gave his own account 
ot the manipulations by which he had 
deceived them. A comparison of the records 
showed wide disagreement between the 
observei',, and it was surprising to realize 
what iliey had missed and what they had 
misinterpreted. The brightest incident was 
the production of a concealed name by the 
niieratoi A Persian gentleman known as 
Mr. Padshah had asked him to ask the spirit 
l(»i his name, Padshah being merely the 
name he found convenient to use in America. 
His jjroper formal patronymic was Boorzu. 
Davey had either forgotten this question or, 
jailing to understand the drift of it, ignored 
il, but wanting to perform some wonder 
with 1 looks, he wrote the word “ Books ” 
between the slates. He wrote it indistinctly. 
vMieii the slates were opened Mr. Padshah 
mirncd lately read the word as his own name 
mid explained the wonder to the company. 

vv.is difficult for Davey to convince him 
|hut a miracle of telepathy had not occurred, 
h was still more difficult for Mr. Davey to 
persuade many of the believers in medium- 
^stie phenomena that he was not really a 
tedium, basely representing his gifts as 
tricks. This was the attitude taken 
up by Dr. Alfred Wallace, the great biologist, 
'^'hu was also a spiritualist, towards the 
^echiaied conjurers Maskelyne and Lynn. 


Materialization and Ectoplasm 

^ The word “ materialization ” first made 
Its appearance in America in 1873 to denote 
what had been previously called “ spirit 
fornas.” It was at a time when the lage 
for “ occult ’’ pursuits had become almost 
universal in Europe and America. In the 
States this development is usually dated 
from 1848, when the “ Rochester rap- 
pings” first attracted attention. These 
were assumed to be signals from the dead ; 
and although they were afterwards explained 
as sounds produced by snapping the big 
toe inside the shoe by the very women who 
had figured as the mediums, this belated 
confession was powerless to stop the wave of 
occultism which swept America and Europe, 
invading the humblest homes as well as the 
qiost brilliant Courts, and demanding official 
recognition from the guardians of science. 

Thus we find names of the first magnitude 
like Faraday, Lubbock, Huggins, and 
Crookes on the list of persons seriously 
studying the alleged phenomena and hoping 
to find something which could be established 
on a secure basis. They found themselves 
on unfamiliar ground. Instead of dealing 
with material bodies and processes under 
conditions of their own choosing, they found 
these conditions arbitrarily varied by what 
claimed to be supernatural authority, an 
authority not amenable to the ordinary 
conventions and canons of evidence. It 
was obviously impossible to obtain anything 
in the nature of scientific evidence in the 
circumstances. Crookes alone chose to waive 
the precautions which would have made his 
results evidential. 

His “ success ” marks the pinnacle of 
mediumistic achievements. The “ spirits ” 
gained such confidence in his readiness to 
observe the prescribed conditions that 
eventually a complete materialized spirit 
calling herself Katie King appeared, walked 
about the room on his arm, submitted to 
being photographed and even embraced, 
and finally disappeared by being in some 
mysterious way absorbed into the body of 
the medium, Florence Cook, a girl of 
about the same age. 

This episode has led countless investigators 
to emulate Crookes. It has appealed to 
many instincts, combining as it did the 
mystery of Undine with the religious wonder 
of spirit made flesh. The subsequent history 
of occultism is largely the story of attempts 
to reproduce the phenomena related by 
Sir William Crookes. 


.B45 



BOOKT'e THE SCIENCE OF LIFE CHAPTER 


But the development of mcdiumistic 
technique has not kept pace with,)„ our 
growing knowledge of its methods. The 
experiments of Crookes, both with Florence 
Cook and D. D. Home, who “ levitated ” 
out of one window and back through 


another, have been submitted to a searching 
criticism, and it is now seen that they have 
no claim to be in any way scientific. Crookes 
himself abandoned the attempt to convince 
his scientific brethren and returned to his 
chemical work. 
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. Eusapia Palladino, the well-know n Nea 
politan medium who died in 1918, n ystifiJ 
two continents for fifty years. ShV ;vas 
repeatedly caught in the act of fraud, but 
never ceased making new converts, one o( 
her most important captures being Clesarr 

L o m b r 0 s 0 , 
the renowned 

criininolo^isU 
He was con. 
vinced (hat 
his deceased 
mother had 
appeared to 
him with the 
help of Intsa- 
pia’s medium, 
ship. ReadiiiLt 
the detailed 
accounts n{ 
the in a n \ 
seances slu 
gave to coin, 
mi t tecs of 
scientific nien, 
one is struck 
by the niai- 
vellous dex- 
terity with 
which s li e 
played her 
mothcr-w It 
and kiiow- 
ledge of 
human nature 
against the 
pond r r o 11 s 
science of her 
judges, now 
refusing, now 
conceding, 
controlling 
her control- 
lers, wearing 
out their 
patience, 
choosing the 
best means oi 
deceiving 
them and 
carrying out 
her m a n - 
oeuvres ''i^h 
supreme skill 
and agility, while always ready to cover 
a critical situation by a display of tempci . 

Perhaps the most detailed account (>t 
materializing medium is the story of “ 1 
G.,” the French medium studied by Ih. 
von Schrenck-Notzing and Madame Bisson. 



Fig, 330. Flashlight photograph of a materialized head, formed of teleplasm that 
has exuded from the medium known as “ Eva C.” 

(Courtesy of Baron von Schrenck-Notzing, from his “ Phenomena of Materialisation'* Kegan 
Paul, Trench, Triibner & Co., Ltd.) 
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several hundred photographs of 
.hat wcH- claimed to be partial materializa- 
( )iic of the most striking of these we 
The features of this figure, 
Mmc. Bisson, who worked with the 
Zon u. these experiments, “express 
larncstnrss and dignity, as in a conventional 
rhrist-likc head.” It stands with crossed 
amis and upward gaze and by its height 
and attitude gives an impression of 
;olemnit> " The reader may judge 
for himself. It is interesting for the 
reader to ask himself what he would 
have imagined from Mme. Bisson’s 
description and to compare it with 
this flashlight record. Here evidently 
we have the will to see the thing in 
(he best light and in a mood of exalta- 
tion put quite plainly on record. 

Before the days of flashlight photo- 
graphy Tissot, the great painter, was 
fliown what he believed to be the 
reincarnation of a woman friend in 
the company of a spirit guide. He 
painted the very beautiful impression 
he received and made a noble pic- 
tuie. The harsher methods now in 
use permit of no such sublimations 
of the vision. Our cameras show the 
actual things. Often these figures 
and faces begin small and are, as it 
i\rre, inflated to a proper size. 

Whatever these flattened dKd crum- 
pled visages and figures may be, they 
<ire certainly not materializations in 
living flesh and blood ; these chosen 
photographs demonstrate clearly that 
they never resemble anything more 
than queer flimsy stuff bearing the 
likeness of a painted face, whose eyes 
never move, whose eyelids never 
flicker, whose lips are fixed in one 
rigid expression. 

In the great days of the past the 
alleged materializations appeared 
wiili a certain quiet dignity, but now 
they arise in a less agreeable fashion. 

They begin by being exuded by the 
medium as a formless stuff (styled 
teleplasm or ectoplasm ) . Usually but not 
necessarily, the exudation occurs by 
mouth and nose ; it may sometimes come 
nut of the head and neck, the ears, or from 
other orifices of the medium. It has a 
quantitative abundance like the foam of 
bottled beer when the beer is “ up.” It 
may have as little substance. This ooze 
presently takes on forms and, it is asserted, 
organic structure also. Possibly all the 
ectoplasm does not come from the same 


Tc may 


source or have the same nature. Tlu 
be a primary ectoplasm and sccondarv 
ectoplasm or ectoplasms produced in other 
ways. Hands, feet, grotesque bestial forms 
and at last these crumpled pa])(*r-l)ag faces 
emerge from the acxumulating stuT. Ian 
C5uzik, of Warsaw, materialized pet dogs. 
Parrots have also been recalled from the 
Orcat Beyond. Tlicre is no record known 



t'ig, 331. Photograph by Mme. Bisson of a materialized 
visitant produced by the medium Eva C. 

To show the ftgurcy the medium ir holding aside the curtains of the 
cabinet which concealed her during the sitting. {Courtesy of Baron von 
Schrenck-MUtng, from Ins “ Phenomena of Materialisation .’ ’ Kegan 
Fault Trench, Trubner Co., Ltd.) 


to US of canaries or white mice which have 
“ passed over ” returning to comfort their 
surviving owners, and no materialization 
of departed invertebrates, flies, spiders or 
the like which have solved the great mystery, 
has occurred. But this may come. 

There is much to arouse prejudice in 
the literature of this ectoplasmic research. 
Many of its illustrations are ugly to the 
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pitch of diitgust. They turn one back with 
regret to the s^e of faith and the romantic 
bnwh of Tifisot. Yet we have to remember 
that these inquiries are pursued by men 






if., 




Fig, 332 . An impresdon by the painter Tissot of two figures who appeared during 
a sitting with the medium Eglington in 1885 . 

{From “ Clairvoyance and Materialisaiionf** by Dr. Gustav Gel^. Ernest BenUf Ltd.) 

whose substantial honesty cannot be fairly 
questioned and it must be conceded that 
they take no pains to make their exhibits 
alluring. In the end these researches may 
turn back from the ectoplasm in order to 
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/lored sul„le,ies 
^ . •,« ®8yofnK'.iiums 

investigators. We may ask no long, 
what they saw and produced, but hov. they 

came i() 
and pioducc 
such things. 
It cannot be 
too insistently 
repeated that 
t h e s arc 
highly specia- 
1 i z d r e - 
searclu's in 
which the 
enthusidslir 
amateur will 
be w'ck onicd 
only hs e.\. 
periinentalisls 
who are piop- 
a g a n d 1 s i s 
rather diari 
s c i e n 1 1 fi t 
workers. 

A coiisidci- 
able piihlirily 
has I) (' e 11 
given rcceiith 
to llie e.\])l()]ls 
of' a lach 111 
Boston, Mis 
Craiidoii, bet- 
ter known to 
tlie w^orld as 
“ Mar.itei v." 
Her principal 
control is her 
brother Wal- 
ter, wdio v\as 
killed ill a 
railway acci- 
dent in ipi-', 
and most of 
the ordinary 
phenomena ol 
stances aic 
well shown in 
connection 
with her. She 
is a pleasant 
lady with a 

h u m 0 1 o u 

smile. She 
has been 

the subject of acrimonious disputes, chal- 
lenges, alleged exposures by Houdini, the 
conjurer has her champions and her 

manifest enemies. Recently she has atlrac ted 
the attention of Dr. R. J. Tillyard, an F.K > 
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,„d a trained entoint^iist^ He hM been this difficulty is, as it were, noted and an 
^rvinced of the sumvw of a h^an ectoplasmic larynx appears. But liow Waller 
tonality after death bv his study of her, gets his labial, dental and palatal .sounds 

S his convictions have been given 

mlncncc in Halm, the organ of 
P'i“ cc in English ffiroughout the 

w rid (Angusf iSth, 1928). We 

S not enter into the d^b of 
his stormy tangle ; we wll merely 
simply and plainly certain 
■hines we are asked to txffieve m 
accepting the good faiffi and sound- 
ness of the Margery displays. That 
statement goes to the root of the 
professed scepticism with^ which all 
this inediimiistic business is regarded 
by die majority of educated people. 

I’he [icrsonality of Walter is re- 
cognized by a number of charac- 
icnsuc things. In his life it seems 
there was a certain lack of glossiness 
in his maimers, and in these s<^ances 
he has used terms like “ damned 
fool” and “bastard*’ (applied to 
the incredulous Houdini), showing 
the unmitigated survival of his dis- 
tinctive ciuality. His voice is heard 

Irom the air from a point about 

ten inches in front of the medium’s 
stomach, and is said to be recog- 
nizably his voice and no other. It 
IS not produced by Margery It is 
“ masculine, fairly loud and^ightly 
hoarse.” Whistling is also one of 
Waller’s gifts. In life Walter pro- 
duced Ins voice by means of his 
lungs, his larynx and the cavities of 
his he.id, and when he whistled he 
used his lips. When they changed 
his voice changed. When his throat 
was dry, when he had a cold, when 
his lungs failed him the difference 
wiis immediately apparent in the 
munds he made. The words he 
used depended upon the movements 
nl his lips, tongue, teeth, and so 
forth. We know of no means by 
which a human voice can be pro- 
duced, in the first instance, within 
a foot of a lady’s waist, and say 
things without the activity of nor- 

Fm and 334. Two flashlight photographs of UU- 

Eh'‘Tr!,=L“r!,^£ , 

fiut the voice is still heard. The J^oU also a conmting cord of uleplasm going to Mr tar. 

is thrown into vibrations — by fV.*. 

what ? Why was it ever necessary to have with this thing, or what winds from the pit 
that apparatus ? * Gould Walter have talked stress its vocal cords remains to be explained. 
distincUy without a larynx or a palate It would be easier to understand if he pro- 
during his life ? In some of these stances duced an ectoplasmic gramophone record. 
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T w^u-r tnatprialize a thumb summon other spirit thumbs to his aid oi 

1 his limlM his fingers else he has become at least quadrunanous 

also. When d.ed h.s hmbs.^to nng^^ 

and thumte fell m . ^ j invisible and unsubstantial, exhales caibonic 

arc produced, and g products of the combustion of refreslimom, 

are 7 ^,i ,,or iust before his nectar and ambrosia perhaps, consumed 

is this invisible creature, which talks 
distinctly without a palate, which 
whistles without lips, which adds its 
waste products to the volume of 
plant food in our world and possesses 
positive, negative and suppleincnian 
thumbs ? Is it a ghost ? Never 
before was there a ghost after this 
fashion. It is something as different 
in its nature from Raymotid oi 
Pheneas as a knock on a door is 
different from a water-colour dni\\- 
ing or a dream about a butterfly . 

It is just this variety in essentials 
which furnishes the strongest argu- 
ment against the objective reality of , 
these affairs. They differ enoriiioush 
with the group of observers. Oik 
i scries of “ manifestations ” does not 
' confirm another. Each series ot 
manifestations contradicts some otht i 
in its quality and implications. It 
is not as if one consistent outer 
world, a spirit world or what you 
will, was really communicating ^Mth 
ours. It is not in the least as il soiiu - 
thing outside was communicatinit 
through different media rcmainmu 
itself the same. It is as if one grouii 
of mediums had one set of ideas am 
another another, and as if what they 
had in their heads found expression 
in “ phenomena.” _ 

We cannot absolutely reject t ic 
evidence for these phenomena. 
group around Margery has inueh to 
lose and little to gain from then 
publication. It lays itself open to 
irritating sceptical criticisms an 
__ many unpleasant imputations. te 

Fie n’i- The well-known medium " Margery are evidemly pleasant human pfop^ 

^ R. G. Crandon, of Boston, Massachusetts. who can be very indignant wit 

{Frm "‘Margery the Medim." 3- Malcolm Bird. John this 

concept! of what happened is to 

death. They are not all normal thumb- risk 

'prints such as are made by a real thumb, ^^m. That J^^creduliiy 

Lme are the prints of thurnbpnms. And Neverthete^ we h 

Rome are neither the one nor tne otner neie. y , business 

but mirror-prints, so to speak, of the thumb, simple as our °rin^ be a “ wi" “ 

Therare not all alike ; a few are of a quite “/k o!le 

diffe!t thumb, so that either Walter can beheve” and make-bebeve m peop 
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and devious than is currently 
There may be a capacity for 
self-deception and collective hallucination 
[.i-eatt r than we have supposed. 

^ To turn from the tangled “ phenomena ” 
of tlu seance as delusive is to turn to psycho- 
logical speculations. Yet it is a lesser im- 
probainlity to suppose that a charming lady, 
Jio (minent entomologist, some highly 
respectable Bostonians and a few privileged 
visilois have been mistaken in their im- 
pressions or inaccurate and imperfect in 
their accounts of what happened on certain 
obscure and secluded occasions, than that 
.ill the rck of our general ideas about life 
.irc wrong. These Margery thumbmarks 
and so forth remain, more or less, very 
curious material for inquiry even when we 
decline the spiritualist hypothesis. As Geley 
implies, the observer is part of the pheno- 
mena under observation. Which we would 
extend to this proposition, that the circle 
of observation includes all the reality of the 
a (fair. 

It is well for us to recall that a century 
ago, a controversy very like that which now 
I ages over metapsychics and spiritualism 
w.is raging over what was then called Mesmer- 
ism or Animal Magnetism. To-day we 
know that the phenomena of mesmerism 
uere compounded from three sources. 
Some, the majority perhaps, were fraud 
and charlatanism ; others were the result 
nf exaggeration, self-deception, or mis- 
interpretation ; but there remained a 
lesidiium of facts which wo now call the 
lacts of Hypnotism. Under competent 
and critical investigation these were eluci- 
dated. And the study of hypnotism has 
now become an important aid to our modern 
deeper knowledge of the human mind. 
Ihe metapsychic controversy may follow 
a similar course. Such bodies as the British 
and American Societies of Psychic Research 
will go on with their work, avoiding as far 
as possible the sensation-seeker and mer- 
cenary impostor on the one hand and the 
implacable sceptic on the other. It was Sir 
Oliver Lodge on one occasion who said to 
unc of the present trinity of authors, “ Save 
me from my friends,” and the restraint of 
the credulous enthusiast is among the most 
necessary conditions for progress in this 
field. 

bo by degrees the grain, whatever grain 
there may be in this matter, will be sifted 
from the mass of chaff ; recriminations will 
he forgotten ; and science may add a new 
source of controllable power to the service 
mankind. Even if we find the “ other- 


world phenomena dwindle to nothing, 
we may learn very much that is now scarcely 
suspected about joint and collective suggesti- 
bility and joint and collective hallucina- 
tion. We may come to realize that our 
perceptions depend less upon the immediate 
fact before us and more upon the prepared 
matter in our minds than we are at present 
disposed to admit. We may find our 
memories less rigid than we imagine them 
to be. Events may often be less exterior to 
ourselves than we suppose. 

“ Impossible ” is a word scientific men 
should never use. “ Highly improbable ” 
is as far as they are ever justified in going. 
We do not hesitate to find Walter “ highly 
improbable.” But, as Richet reminds us in 
his Thirty Tears of Psychical Research^ such a 
great scientific man as Bouillaud declared 
the telephone was ventriloquism and the still 
greater Lavoisier said conclusively that stones 
cannot fall from the sky because there are 
no stones in the sky. 

§ 5 

Mythology of the Future Life 

Beyond the world of “ occult ” phenomena 
that claim recognition as material for 
scientific inquiry, there is now a vast, abund- 
ant literature of loosely authenticated 
“ revelations ” about the future life, beyond 
the scope of any exact treatment whatever. 
Remarkable and moving accounts of how 
it feels to “ pass over ” and the agreeable or 
disagreeable opening phases of the new state 
abound,* and every month adds to their 
multitude, and variety. A mawkish pretti- 
nc.ss and unattractive poetry adorn many of 
these effusions. 

Their disagreement is stupendous ; ap- 
parently there is not so much one future 
life as a thousand thousand > varying in 
quality with the imagination and mental 
texture and equipment of the seer. These 
stories do not really support each other ; 
they smash each other to pieces. A point 
upon which none of them insist, but which is 
very manifest in most of them, is the very 
much lower intellectual level at which the 
departed spirits are living in comparison 
with normal worldly intelligence. And none 
of these revelations seem to be in precise 
accordance with that posthumous separation 
of the sheep and goats, which was fornierly, 
at any rate, the teaching of the Christian 
churches. This new necromancy is a cult 
as far removed from orthodoxy as from un- 
belief. We do not wish to dogmatize about 
this literature ; we owe it to our readers 
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to mention it here, but we fail to sec how we 
cai|^ square its fundamental assertions and 
implications with the main mass of The 
Science of Life, 

§6 

The Survival of the Personality After Death 

This obscure and often distressing and 
grotesque borderland of biological science 
would have demanded atten^i, if for no 
other reason, because it comls so close to 
another question we have all asked ourselves. 
Alone, in the silence of the night and on a 
score of thoughtful occasions we have de- 
manded, Can this self, so vividly central 
to my universe, so greedily possessive of the 
world, ever cease to be ? Without it surely 
there is no world at all ! And yet this 
conscious self dies nightly when we sleep, 
and we cannot trace the stages by which 
in its beginnings it crept to an awareness of 
its own existence. 

Mr. Everyman sets down the printed 
word and reflects. “ I am I,’’ seems to 
him the statement of a veracity beside which 
number and space and time seem flimsy 
abstractions. But then he reflects upon a 
number of things The Science of Life has 
brought before him. All the way through 
this work has been throwing light upon the 
nature of individuality. We have recognized 
grades of individuality, the cell individual 
centred on a single nucleus, the individual 
metazoon, the individual colony made up 
of individual zooids. We have found it 
impossible to define individuality in the 
case of many creatures j in the case, for 
example, of the sponges and Obclia and 
other colonial polyps. We have seen in- 
dividuals melt together and become one, 
and individuals break up into many. In 
our study of mental life we have seen that 
in one single brain it is possible for separate 
and even antagonistic individualities to 
exist. Even in clearly defined human in- 
dividuals we arc constantly aware of a conflict 
of motives, a war between a better and a 
worse self, a divergence of loyalties and ends. 
Is the whole subconscious and conscious 
self the immortal part, or is it the persona 
only ? Is it an inflated self that survives ? 
Many of Mr. Everyman’s intensest passions 
do not so much further his individual mterests 
as they do those of the race. Sometimes 
he would rather love than cat. 

Some of the best things in our lives are 
the least individual things. When a man 
is exalted by high aims, possessed by some 
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exquisite effort or occupied by profound 
study, he becomes altogether self-for^^ctful. 
In moments of great passion he “ forgets 
himself.” These arc no metaphors. The 
conscious self is not the whole of a man. 
It is the central bureau for his general 
bodily behaviour, but it is subjected to 
systems of motivation, rational thought, 
scientific curiosity, loyalties, mass-suggcsiions, 
which come into his being from without^ 
as general instructions from headquarters 
come into the semi-autonomous activities 
of a branch bank. Many of our sense- 
impressions undergo interpretation in the 
brain. Perhaps the collectivity of our sense- 
impressions is interpreted to suit the needs 
of our mind. It is possible that it has 
served the ends of survival that Mr. Every- 
man should think himself a much more 
independent being than he is. Personality 
may be only one of Nature’s methods, a 
convenient provisional delusion of consider- 
able strategic value. 

Moreover, individual death is one of the 
methods of life. That we have already 
enforced in our comments on rejuvenation in 
Book 4. Every individual is a biological 
experiment, and a species progresses and 
advances by the selection, the rejection or 
multiplication of these individuals. Biologic - 
ally, life ceases to go forward unless individuals 
come to an end and are replaced by oihcis. 
The idea of any sort of individual im- 
mortality runs flatly counter to the idea ol 
continuing evolution. Mr. Everyman makes 
his experiments, learns and teaches his lesson, 
and hands on the torch of life and experience • 
The bad habits he has acquired, the in- 
eradicable memories, the mutilations and 
distortions that have been his lot, the poison 
and prejudice and decay in him — all surely 
are better erased at last and forgotten. A 
time will come when he will be weary and 
ready to sleep. 

It is the young who want personal im- 
mortality, not the old. 

Yet tnese considerations do not abohsr 
the idea of immortality ; they only shir 
it from the personality. In the visibn 
biological world, in the world of fact, hn 
never dies ; only the individuals it throw 
up die. May there not be another sid' 
of existence of which our consciotwness^ 
seem to be only the acutest expression w 
know, a perceptive side of matter, if on 
may strain a term, which also is^ moi 
enduring«>4han any individual experience 
Just as our bodily lives stipple out the for 
of the developing species, so our mcr 
lives may stipple out its dawning consci' 
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pss Though we are mortal as ourselves, 

” Viiay be immortal as phases and transitory 
^rts of an evolving undoing percipient 
continuity. When we philosophize in the 
stillness it may be not ourselves alone, but 
Man that feels his way to self-realization 
through our individual thoughts. 

Apart from such speculations we may 
say this much: upon the continuity of 
any individual consciousness after bodily 
cesLuion and disintegration The Science of 
life has no word of assurance, and on the 
other hand it assembles much that points 
towards its improbability. But so far as 
our lives go, as mattere of fact ^art from 
consciousness, The Science of Life has no 
doubts ; it does not speculate, it states. 
Our lives do not begin afresh at birth, and 


do not end inconclusively ; they lake up a 
physical inheritance, they take over a 
tradition, they enter into a set drama, 
they are conditioned from the outset, and 
each has a role to play, different from any 
r 61 e that has ever been played before or 
will ever be played again. And our lives do 
not end with death ; they stream on, not 
merely in direct offspring, but more import- 
antly perhaps in the influence they have had 
on the rest of life. According to the playing 
of the role the unending consequences are 
detcrmined||iThey endure in the fabric 
of things accomplished for ever. That at 
least is not theory or speculation ; it is 
as much a statement of fact as that every 
stream that flows upon this planet earth 
flows down towards the sea. 
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PECULIARITIES OF THE SPECIES 
* HOMO SAPIENS 


jj I, Fire, Tools, Speech, and Economics 
pj unary Varieties of Human Life. § 4. 

§ > 

Fire, Tools, Speech, and Economics 

I N these concluding Books we have returned 
to that point of maximum interest from 
which we started out upon our general 
survey of biology, the life of Mr. Everyman. 
But whereas hitherto it has been convenient 
and interesting to study Mr. Everyman as 
an individual, we now propose to study him 
collectively as Man, Homo sapiens, the last 
surviving species of the family of the Homi- 
nichr, which differentiated from the great 
apes in the shrinking forests of the Miocene 
or Pliocene Age (V, C and D). We have 
described his body and its evolution ; his 
brain and his mind. We have studied the 
operation of his mind until at last we had 
to stop short at that apparently insoluble 
nn sicry of life, consciousness. Our ^ last 
Book culminated in a great interrogation : 
is there an immortal individual conscious- 
ness ? Does the individual consciousness 
survive matter ? We left that question open. 

Now we are going to consider our Mr. 
Everyman very briefly as a unit in a rapidly 
developing species of animal. We are going 
to treat Homo sapiens as a species among other 
sfiecics. It is a species which now dominates 
lile, which is producing a whole multitude 
of unprecedented problems and novel bio- 
logical situations, and seems to be breaking 
more and more away from the control of the 
blind forces that have hitherto determined 
the course of evolution. 

Homo sapiens differs widely in his action 
upon his environment from any other form 
ol life. Let us examine in what that differ- 
ence consists. In common with the rest 
nf the Hominidae, the apes and some 
monkeys, the human animal uses its. hands 
to pick up sticks and stones, to make tools 
of them and supplement its forces and 
extend its range. This readiness to use 
tools is closely associated with the high 
development of the hand and with the un- 
precedentedly efficient use of that hand 
^^hich the possession of a spot of distinct 
' ision has made possible. But rnodern 
man carries this tool-using dbposition to 
‘•u extent immeasurably beyond the range 


. § 2. Origins of Homo sapiens, § 3. 
The Development of Human Interaction, 

of kindred types. All of the Hominidae 
fabricated tools, chipping flint and wood to 
forms more convenient and effective, but 
the adaptation of tool to use is comparatively 
crude and primitive in all other species of 
Homo* except our own. All other species 
of man reached their highest mechanical 
aid in a shaped flint or a pointed stake ; 
Homo sapiens still soars on, with no sign of 
any finality, from the dynamo and the aero- 
plane engine. Other Hominidae also supple- 
mented their powers with artificially made 
fire. But their use of fire was incidental, 
while Modern Man now at a great rate 
burns his world for his ends. More definitely 
restricted, it would seem, to Man is the use 
of articulate speech . Great numbers of verte- 
brated species communicate by sounds, 
but all surviving races of Homo have con- 
ventionalized their vocal sounds to convey 
complex meanings in a way no animal does. 
They have language. Whether ikmo mander^ 
ihalensis had, strictly speaking, a language is 
questionable. 

The fossil extinct species and genera of 
men lived in small groups as the great apes 
do, small family groups usually about an 
old male ; their remains never indicate 
larger social aggregations. But the true 
men (Homo sapiens) from the earliest appear- 
ance of their remains are seen to be going 
beyond that primitive assembly. Some 
antagonism has been allayed. Some kind 
of toleration has been established among the 
adult males ; the family group has been 
expanded into the tribe. That, however, 
is the less important aspect of the matter* 
Many other animals have increased and 
decreased in their gregariousness. As the 
excavator, explorer, and archaeologist trace 
out man’s history to us, we realize that in 
the last fifty thousand years or so he has 
not merely become rapidly more and more 
gregarious, but also, what is far more 
remarkable, he has left that life of hap- 
hazard which is the lot of nearly all the 
rest of the animal creation, that practice 
of eating your food where you find it and 
taking no thought for the morrow, and he 
has Income an economic animal, preparing 
for the future, cultivating and storing food, 
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domesticating other creatures for his own 
support. And he does not do this mechanic- 
ally, by instinct, as the ants do. He does it 
by forethought. 

Some other mammals store food — the 
beaver and squirrel, for example ; the 
leopard will hide away a half-consumed 
corpse and return to it as a dog will bury 
a bone, but no other mammals cultivate. 
To find any creature that cultivates we 
must go outside the vertebrata altogether, 
to the ants and termites. In the social life 
of these insects we find a superficial parallel 
to the social life of man. When, however, 
we scrutinize the methods of co-operation, 
the parallelism disappears. In Book 8 we 
have made a study of these methods of 
insect organization, and pointed out the 
essential difference of a society based on 
instinct from one based on intelligence. 
One point in that comparison we may recall. 
A fundamental feature of the insect society 
is the differentiation of the individuals into 
a number of types. The individual is 
either a worker, a soldier, a queen or a 
drone. Sometimes there are several different 
types of worker. Each does its work as a 
machine docs its work in accordance with 
the way it is made. A worker cannot become 
a soldier, or a soldier a male. 

But in 4le case of human society, there 
is no such differentiation. Save for abnor- 
malities and unimportant exceptions of 
usage, every individual remains a physio- 
logically complete individual, every man 
is a “ man and a brother,” and queen and 
beggar girl arc “ sisters under their skins.” 
Except for rare abnormalities every individual 
remains male or female and has at least 
the capacity for reproduction. That is in 
flat contrast with the condition of the social 
insects. There may be social considerations 
to prevent the profoundest philosopher or 
the richest business man marrying and 
begetting children by a negro defective or 
giving his daughter in marriage to a gaol- 
bird or a tramp, but there is no irrevocable 
physiological separation to prevent such 
things occurring. In various regions, class 
and caste restriction of intermarriage may 
have sustained slight differentiations of 
manners, intelligence and colour, the im- 
portance of which has been frequently 
exaggerated, but at present such ancient 
barriers seem to be weakening and dissolv- 
ing. They have scarcely any relationship 
to current economic organization. 

The complex economic life of mankind, 
infinitely more complex than that of any 
other creature, has been achieved without 
858 


CHAPTEP. I 

any such differentiation. Man is the sol 
economic animal undifferentiated for 
tion, and he is the sole known user of gr 
matically arranged words, as distinguished 
from merely expressive and indicative sounds 
and signs. He is the sole surviving sprfies 
which uses fire and deliberately shaped tools 
and he has now carried his use of extraneous 
power and of accessory external limbs and 
organs (for that is what tools amount to) 
to such an extent that much of his exacter 
knowledge comes to him through such 
artificial sense-organs as microscope and 
galvanometer, and the greater part of tlie 
energy of the economic life of his species 
is derived from other than his bodily sources, 
and a great part of its handling is mechanical! 

The development of this abnormal and 
novel social life is the latest, greatest and 
strangest of the products of evolution. 1 1 is 
a new phase in the history of life. Essayists 
of the “ smilingly thoughtful ” school arc 
apt to ascribe man’s disposition to set him- 
self apart as the head and centre of the stor\ 
of life to the natural egotism of the species, 
and playful writers have “ turned the tables " 
by writing accounts of the world from the 
point of view of an ant or a crocodile, in 
which man is spoken of with the pity and 
contempt we have for these lower creatures. 
But as a matter of fact there is no view ol 
the world from the point of view of an ant 
or crocodile, their interests have no such 
range ; and an Abstract intelligence without 
the least prejudice in our favour would 
have to do just as we do here, and treat 
the collective life of Homo sapiens as the 
present culmination and most distinctive 
and wonderful phase of vital evolution. 

The outer forms, the political forms of the 
rise of this unprecedented specific col- 
lectivity, mankind, can only be treated in an 
Outline of History^ and an adequate review 
of its economic developments will need a 
work even more bulky and extensive than 
the whole of this Science of Life, Here we 
restrict ourselves as severely as we can to the 
more definitely biological aspects, to social 
origins, broad factors in social adaptation, 
religion, education, each regarded strictly 
as a biological force, and the possible increase, 
survival and suppression of types ; leading 
up to a final consideration of the biological 
outlook of our kind. 

§ 2 

^^rigins of Homo sapiens 

Adam and Eve die hard. People are st ll 
apt to talk of “ the first man and woman 
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HU, to mix, to learn from each other by 
imitation and precept, and start yet further 
variations through genetic discord. 

We^ cannot say that the primordial 
varieties and species of Homo were forest 
or bush inhabitants or dwellers on the border 
of steppe country. Much more probably 
they were all those and also other things. 
The early skeletons of true men found in the 
Grimaldi caves belong to two types, the 
Gro Magnon type and the Grimaldi type, 
as widely different as the Red Indian is from 
the Negro to-day. But certain character- 
istics the species of Homo already had in 
common. They were, for example, less 
highly specialized for the forest life and they 
were already far more gregarious than the 
great apes. The great apes are all rather 



33^- chain of human descent. 

The brain-case of the sub-man^ Sinanthropus, found in China by 
Mr. W. C. Pei, of the Chinese Geological Survey, The prominent 
brow-ridges over the eyes are seen at the right. This skull is like that 
of the Ape-man, Pithecanthropus, except that it housed a distinctly 
larger brain. This important discovery was only made in December, 
1929. {Courtesy of Prof Davidson Black, of Peking.) 


to discuss the claims of this or that 
rest rjc ted region to be “ the cradle of man- 
kinc].” They imagine, one supposes, a 
particular couple of some species of sub- 
man suddenly discovering themselves “ differ- 
(•nt ” and starting out upon a new way of 
life. “ Let’s found a new species, my dear,” 
is the note of it. But the reader will have 
read this work but carelessly if he is still 
under the delusion that new species appear in 
any such fashion. 

As we have spread modern concepts 
before him, he will have realized how species 
constantly produce mutations of type which, 
if they give advantages leading to their 
natural selection, may become prevalent 
in that species, locally or extensively. 
Most of these mutations are very slight in 
their effects. They turn up here and 
there over the range of the species ; V ' " 
one individual appears with a change 
in colour-pattern ; another with a 
difference elsewhere in its body ; and 
because of the constant mixture by 
interbreeding of the population these 
mutations are brought together into 
more or less favourable combinations. 

Locally or extensively one combina- 
tion may prevail altogether, and if it 
prevails locally and is cut off geo- 
graphically, or produces in association 
with its other characteristics some 
change in its reproductive quality, 
it may become incapable of inter- 
breeding with the original type and 
so become in the fullest sense a 
new species. All species present 
the phenomenon of local variation 
and some, like the domestic dogs, 

]:)iesent extraordinary varieties of 
type which yet retain a common 
capacity for fertile offspring. It is possible 
that the Hominidae, whose rare infrequent 
fossils are now coming to light in this or that 
region of the old world, and of whom we arc 
continually discovering fresh types, may have 
been, as arc the domestic dogs, interbreeding 
varieties. It is pure guesswork whether 
Homo neanderthalensis in any region interbred 
or did not interbreed with Homo sapiens. 
Just as there never seems to have been a 
‘iingle sort of domestic dog from which all 
other sorts sprang, but an advancing inter- 
play of various sorts, so quite possibly there 
was never a single primordial sort of Homo 
^^apiens. The race varied widely locally, 
strongly marked types appeared under special 
conditions, and then with geographical 
changes other human types came flooding 
in, still capable of fertile interbreeding, to 


solitary creatures. They live in little family 
groups, which arc typically dominated by an 
old male ; they are jealous of intruders upon 
their territory and mix freely only in their 
own group. Consequently, comparatively 
rare though these creatures arc, they display 
considerable local variation. The West 
Coast gorilla is quite distinct from the 
mountain gorilla of Central Africa, not only 
in physical characters, but in temperament. 
Several varieties of orang-utang are known, 
some of which should probably be classed as 
distinct species. As we have previously 
mentioned, the old males of at least one 
variety have strange fleshy frills round their 
faces. And the chimpanzees from different 
regions of Africa are of markedly different 
types. Although chimpanzee coat-colour only 
ranges between brown, grey, and black, the 
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naked skin of the face varies almost as much 
as man’s skin — it may be as black as a negro’s, 
or dark brown, or lighter brown, or almost 
as pinky-white as a white man’s. 

Some interesting speculations upon the 
social life of the primordial Hominidae were 
made years ago by J. J. Atkinson in his 
Primal Law (Social Origins and Primal Law. 
Lang & Atkinson) . His views, like Darwin’s, 
have been revised and modified in several 
particulars, but they still remain of para- 
mount importance and value in human 
biology. The whole theory of psycho- 
analysts rests upon such ideB and is in 
entire harmony with them. 

Atkinson, arguing back from the practically 
universal tabus against various forms of 
incest, and the world-wide traces of the cus- 
tona of exogamy (the custom which makes 
ordinary males capture wives from another 
tribe and abstain from marriage with the 
women of their own people), developed a 
remarkably plausible theory of the early 
constitution of human, or rather sub-human, 
society. He assumed that the normal social 
group among the earlier Hominidae was, to 
begin with, like the more usual social group 
of the great apes, a small family herd under 
the leadership of a big male. As the other 
males approached maturity this head male 
drove them off, the young females for the 
most part remaining with him and bearing 
him offspring. Of course, such a normal 
type of group does not exclude, indeed it 
almost requires, that sometimes two or three 
brothers who had been chased off have 
wandered together and even have attracted 
a stray female or so. Such leaderless groups 
occur among the gorillas, but they arc much 
rarer than the family group. The adult male’s 
fierce jealousy for his females and for his 
territory ensured the prevalence of the family 
group, and the restoration of fresh family 
groups when the old ones were broken up. 
It is a grouping well adapted to forest 
conditions where food is scattered, and forth- 
coming only in sure and sufficient quantity 
for a limited number of individuals. It has 
consequently remained to this day the typical 
social meth<^ of the forest primates, though 
chimpanzees will sometimes band themselves 
toother in larger groups. 

But the Hominidae, being less highly 
specialized for forest life, more inclined to cat 
animal food, and better adapted to bush, 
grass, and cock country where fruits and roots 
are found less easily than prey best hunted 
in co-operation, would be advantaged by 
any mental or temperamental adaptations 
that would admit of the primitive families 
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growing into larger social groups. ihi, 
adaptation became possible, Atkinson 
suggests, through the interplay of certain 
natural dispositions on the part of the females 
and young males. 

Briefly, the mothers, after the fashion 
of most inamraals, were disposed to protect 
and cherish their male quite as much as 
their female offspring. But an adult male 
in the breeding season— and all round the 
year is the breeding season for the primates- 
is apt to be intolerant of competitive males. 
In order to keep their young sons by them, 
then, it was necessaiy for the mothers to 
inspire their young with awe for his seniors, 
and particularly for the ruling Old Man, and 
to make the juniors chary of infringint: his 
rights and rousing his jealousy. By ex- 
ample and crude precept, the natural awe 
of the young male for his father’s st^cn^th 
and possible rage was given form and 
direction. The young males grew up kMrn- 
ing that his personal possessions and particu- 
larly the females of their group were tabu 
to them, that certain things must not be 
done in his sight or proximity. The leai 
of the Old Man was the beginning of wisdom 
and decency. Many of them retained then 
natural infantile disposition to propitiate 
beyond adolescence. The younger male 
deferred to the older male ; so, said Atkinson, 
men learnt the elements of self-suppression, 
and the idea of sin, and particularly the sin 
of incest, was born in the human mind. So, 
say the psycho-analysts, the first reprcs.scd 
complexes arose. 

Human society became possible through 
this primary suppression, and it is hard to 
imagine how it could have become possible 
in any other way. No other animal l)ut 
Homo sapiens betrays the slightest objection 
to incest, and that the objection to incest is ti 
tradition and not an instinct, the records 
of any provincial criminal court will sho^\ . 
A few eminent sociologists like Dr. Hobhouse 
arc of the opposite opinion and believe that 
there is an instinctive objection to incest, 
but all the known facts point to an imposed 
and habitual avoidance as the real bar 
against this form of intercourse. 

And now comes the next step in the history 
of the fundamental human institutions. As 
the young man, growing in strength and 
desire, wandered discontented upon the 
borders of the family territory, he discovered 
there were other women in the world, women 
who were not his chief’s women, women 
unprotected Dy the tabu. He went for one 
of these women when he got the chance. 

Gjnceivably if she was a neglected woman 
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astray, a rather superfluous woman from 
another family group or the woman of a 
eroup whose head man was slain or enfeebled, 
sht‘ went in equal measure for the straying 
you tig man. If we are to suppose that the 
ylcl('r males were in the habit of attacking 
and often killing the young ones, the proba- 
bility of such superfluous women is increased. 
Atkinson represented the young man as 
always attacking and overpowering the 
stray women, but then he wrote a quarter 
ol' a century ago when a certain veil of 
modesty hung about feminine desire and 
enterprise. Attack may not have been 
necessary. The young man brought the 
strange woman home to the tribe or to the 
outskirts of the tribe, or she came with him 
without being brought, his own woman. 
Less typically she beguiled him towards her 
parental hearth — her man. If she was the 
stranger and came into his group, naturally 
slie looked up to him ; he was her chosen, 
and she did not yield to the old man. 
riie family women did not want her as an 
ecpuil and a rival ; they were on the young 
man’s side against any interference with this 
pleasant acquisition of his on the part of the 
Old Man. They were willing to set a tabu 
between her and the Old Man. If, on the 
other hand, the man went to the woman’s 
iarnily group, equivalent tabus would be- 
come necessary. 

Now all this is very plausible theorizing 
indeed, and in support of it we find tabus of 
piactically world-wide extent that are 
entirely consistent with it. 

Out of such crude and obvious occasions 
which probably presented themselves with 
wide variations among the Hominidac and 
were repeated millions and millions of times 
m the course Of tens of thousands of years, 
and out of these instances of the successful 
grafting of a stranger on the group, exogamy 
(marriage by the acquisition of strange 
mates) would have crept into existence 
almost imperceptibly, and a second funda- 
mental tabu between mother-in-law and 
Sion-in-law, and between daughter-in-law 
and father-in-law have arisen. 

Such in its essentials is Atkinson’s guess at 
the method by which the extension of the 
primordial family group to the proportions of 
a tribe was attained. It is a guess, a theory, 
hut there is a great mass of fact to keep it in 
countenance. It explains most plausibly a 
rhange in social habit which would have 
been extremely advantageous to man in 
certain phases of climatic change to which 
we will presendy advert. 

Throughout the world everywhere tabus 


and customs occur that are strictly in accord- 
ance with this theory of Atkinson’s, and which 
are explicable in no other way. First come 
the incest tabus that are woven into the 
fabric of every human society. Biologically 
they are unique, purely human and univer- 
sally human. And they arc not instinctive ; 
they can fail to be established, or they can 
be broken down. There have been excep- 
tions to these tabus. The Pharaohs could 
marry incestuously and so could the Incas 
of Peru, and there is no evidence that they 
made any dfficulty about it. Indeed, only 
their incestirous offspring were legitimate 
and could succeed to the throne. But here, 
and in similar exceptions, wc seem to be 
dealing either with extreme sophistications 
or with the heirs to the sexual freedoms of the 
Old Man and not with the normal marriage 
of the sons of the patriarch. Even into the 
twentieth century the sexual restrictions upon 
royalty have been different from those of other 
sections of the community. The scions of 
many royal houses were not bound by 
marriages contracted with women below 
their rank and could commit with impunity 
what was for lowlier men the crime of 
bigamy. The royal families of Europe up 
to the Great War constituted a very closely 
intermarrying system. Such exceptions con- 
firm rather than disprove the general thesis. 
They show that the objection to incest is 
not innate and instinctive but a fundamental 
tabu, and that it is something less binding 
upon the ruler than upon the commonalty. 
The morahty of the head man, the patri- 
arch, was not that of the son. 

Throughout the world now, even in the 
most isolated and savage communities, the 
incest tabu holds. No variety of human 
association is known that ignores it. The 
primitive man-ape family- tribe, whose 
mental conflicts laid the foundations of all 
our present social organizations, has gone 
altogether, leaving only its traces in our 
minds, customs and institutions. In the 
English prayer book we recall the most 
fundamental of all human institutions when 
we read the prohibited degrees of affinity. 
In less civilized and presumably more 
primitive communities we find a far-reaching 
system of “ avoidance ” tabus which are 
clearly intended to hedge about and 
strengthen the essential tabu. The woman 
of the Siberian Ostyaks must not appear 
before her father-in-law nor her husband 
before his mother-in-law until they have 
children and the woman must muffle her 
face against her father-in-law throi^hout 
life ; the Buriaks, Kalmucks, Altaian Turks, 
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and Kirghis have similar restrictions. The 
woman must never use the name of her 
husband’s father. Now let us leap to Ceylon 
and we find the Veddah must not speak 
alone to his mother-in-law nor speak with or 
take food from his son’s wife. Again in 
Melanesia in the Banks Islands a man must 
not enter a house in which is his mother-in- 
law, and if he meets her in the bush he must 
turn aside to avoid her. The daughter-in- 
law must not name her father-in-law. 
Similar restrictions are found in New Guinea 
and Torres Straits. Parallel ^bus prevail 
throughout Australia. In Amca a Zulu 
covers his face with his shield if he chances 
to come upon his mother-in-law, throws 
away a mouthful he is eating if she happens 
to pass by and must never mention her 
name. Frazer cites similar customs from 
the Bantu tribes and the Masai. They arc 
found very widely among the American 
aborigines. It is impossible not to believe 
that here we must be dealing with a “ fossil 
institution ” of once universal importance, a 
common fundamental idea. That in many 
instances it should be lost and in many 
distorted or perverted is only what was to be 
expected. 

The “ fossil ” reminders of exogamy in 
marriage ceremonies are equally wide- 
spread. The evidence of the marriage cere- 
monies lies parallel to the tabus and is 
similar in its world-wide extent. The pri- 
mordial procedures have been complicated, 
distorted, varied enormously, but always 
at the root we can detect a barrier against 
free intercourse and the necessity of miti- 
gating by special conventions the discord 
and harmful excitement of a stranger 
introduced to the close intimacies of a 
family group. The primordial marriage 
introduces while the primordial tabus pro- 
tect the newcomer. The excitement of 
novelty is denied free play. The disturbance 
is damped down below the level of social 
disruption. 

The sexual psychology of the apes and 
monkeys in their natural surroundings has 
still to be studied with any thoroughness. 
What is known of the behaviour of these 
creatures is entirely compatible with the 
suggestions of Atkinson. They have no 
breeding season, no rut, such as prevails 
among mammals ; like man, their breeding 
season is all the year round. And all the 
year round sexual intercourse goes on and 
most vigorously in seasons of abundance and 
well-being. Their sexual impulse is exces- 
sive. When they are social like the baboons, 
there is a perpetual bickering and scolding 
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going on in the swarm, insults, pursuits and 
recriminations due mostly to their inirnsc 
sexual impulses. The males are possessive 
and keep a sharp eye on their particular 
mates. In the London Zoological Gardens 
there were for a time only six females to nianv 
more males and all these were individual 
wives. When one “ married ” male hap- 
pened to die, his widow was actually torn 
in bits by other males eager to acquire her 
now that her strong Old Man was no nionu 
Homo sapiens, when he is thrown out of his 
ordinary social atmosphere so that the 
fundamental tabus are no longer in cfl'eciivc 
action, that is to say when his sense of sin 
is lulled or out of action, shows hiriisilf 
to be closely akin in these matters to the 
rest of the primates his cousins. His 
instinctive restraints, as distinguished Ironi 
his reasoned ones, are slight or non-existent 
He is possessive as a lover, but disloyal. 
It is the primary tabus that restrain him. 
It is these tabus that hold back our sjierics 
from incessant sexual squabbling and make 
the disciplined tolerance needed for sus- 
tained economic co-operation possible. 

The survival value of the tribe (that is to 
say, the group with numerous mated males, 
living in comparative mutual toleration i 
over that of the narrower family group und(‘i 
a jealous patriarch must have been particu- 
larly evident in these drier phases of climatu 
change when forests were giving place to 
more open country and shrinking in theii 
area. Such phases, as we have shown in 
Book 5, Chapter 7, were recurrent during the 
age of human evolution. Life was bcint; 
repeatedly squeezed out of the forests to try 
its luck on the steppes to the north or llic 
deserts to the south. Whenever a diminu- 
tion of forests occurred a dietary of varied 
small pickings would be replaced by *1 
menu with quantitatively larger and less 
diversified items. The tribe of kindred, as 
distinguished from the mere patriarchal 
family, was able to hold larger territories 
and choose and hold the best territories 
against any smaller groups of competitors. 
It was also more able to attack larger animals 
for food than a lonely hunter or a one-man 
group could do, and to defend itself moie 
effectively against hostile beasts. It could 
venture into open country where isolated 
men would certainly have been huntctl 
down and killed. 

It is idle to guess how early in the 
dcvelopmenl^of the Hominidac this movement 
towards the c6-operative gregariousness of a 
life in the open began. It may have begun 
first as the vegetation of the Miocene Ag' 
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C) diminished and have marked the 
cailiest stage of differentiation from the 
gprs. It may have been a recurrent 
experience. Man may have fluctuated 
between a more and a less numerous 
assemblage emd between intenscr and lighter 
tal )us. From his very first visible appearance 
upon the terrestrial stage Homo sapiens at 
any rate, in all his varieties, is a social 
animal becoming steadily more social, with 
suppressions, with tabus, with a sense of sin. 
He appears from his very beginnings as a 
being of incomparable mental power — 
divided against itself 

Human society is built up upon a balanc- 
ing of motive against motive. Man is 
discovered from the first to be a moral 
animal. He fits in by individual self- 
suppression, a thing he has also imposed 
upon some of his domesticated animals. 
His suppressions are individual acquisitions, 
varying with his training, his social position, 
and the chances of his life. Through his 
facility for suppression he has been able to 
achieve this unprecedented miracle of an 
economic society without fundamental 
diHerentiation. Never before in the whole 
history of life has such a being appeared. 

§ 3 

Primary Varieties of Human Life 

From the beginning of our certain know- 
ledge, Homo sapiens appears as a widespread 
number of types, the “ races of mankind.” 
There have evidently been profound local 
separations and modifications in the pre- 
historic period, but none so complete and 
enduring as to break up the species. As 
geographical conditions have changed — 
and, as we have shown, the last twenty-five 
thousand years have achieved immense 
modifications of the map of the world — 
these variations have resumed communica- 
tion with others, have remingled with others, 
to produce mongrel races. Much nonsense 
has been talked and written about racial 
purity. Except possibly in the case of 
certain very isolated peoples, the now extinct 
Tasmanians and the Andaman islanders, 
lor example, racial purity is a myth. Men 
.uid women are all mongrels, showing in 
various proportions the characteristics of 
this imperfectly specialized type or that. 

As Professor T. H. Huxley pointed out 
long ago, there is a central series of human 
races ranging from the Atlantic coasts on 
cither side of the Mediterranean to tlie east 
of Asia, Malaya, and Polynesia. These 
various peoples are brunette in various 


degrees of intensity, dark or black-haired 
with hair that does not frizz and which may 
be very hard and straight. South of them, 
in the old world, are the black peoples of 
very variable type, with frizzy hair. Their 
hair, their colour, the abundance of sweat- 
glands in their skins show them to be an 
adaptation to tropical forest conditions. To 
the north-east of the central series appears 
a more distinctly yellow type of race, with 
oblique eyes, broad cheekbones and very 
hard, black hair, the Mongolian group of 
races. T'hese, with their scantier sweat- 
glands and ^protected eyes, witness to the 
long influence of drought and dust. To the 
north-west and north, that is to say, over 
the centre and north of Europe and once 
extending far into north Asia, are a scries of 
fair peoples with grey and blue eyes, more 
specially adapted to the deciduous forests 
of a temperate climate and insufficiently 
protected against very bright sunlight. 
Homo sapiens seems to have been a late comer 
in America, an immigrant always. It is 
doubtful if he has been there for more than 
ten thousand years. The Red Indian 
peoples find their closest relations among the 
eastern Asiatics. 

That in general terms is the fundamental 
shape of human ethnology. A rather more 
detailed account of the races of mankind 
and a diagram showing their relationships 
will be found in L'he Outline of History^ and 
it is unnecessary to repeat these here. As 
.soon as we attempt greater detail than such 
broad classifications give, we find ourselves 
in a tangle of kaleidoscopic racial types, 
due to the indefatigable mongrelization that 
has been in progress. Whatever differenti- 
ations were going on ten thousand years ago, 
they have long since been defeated by the 
steadily increasing communication between 
one part of the world and another. Man is 
no longer difierentiating locally. Some 
day, perhaps, ethnology will abandon its 
attempt to separate what is so obstinately 
confluent and may set about classing human 
beings in other categories. A classification 
of genetic units may become possible, and 
individuals may become definable by form- 
ulae which will show the particular grouping 
of characteristics that has occurred in each 
case. 

Returning now to the primary varieties 
of our race, man is not only far less specialized 
and more versatile and migratory than the 
great apes, but also he is far more omnivorous. 
Homo sapiens varied his menu with his 
opportunities, and here subsisted on a wholly 
vegetarian diet, and here on fish, and here 

863 



BOOK 9 


THE SCIENCE OF LIFE 


CHAPTER 


1 


again was completely carnivorous. Differ- 
ence of habitat means difference of habit 
and difference of physique and successful 
type. No human varieties survive to-day 
that we can call “ primitive ** in the proper 
meaning of the term. We can only speculate 
about the nature of the “ primitive ** life 
of man. But even as late as the nineteenth 
century various savage races remained 
sufficiently isolated to contrast very vividly 
in their customs, physical types, and social 
organization with the main masses of man- 
kind. There were, for example, the abori- 
ginal Tasmanians, a people who had still 
lingered at the early Paleolithic level and 
were out of all comparison inferior to the 
Solutrean and Magdalenian Europeans. 
There are still the Brazilian forest folk and 
the Pigmies of Central Africa. There are 
also the Veddahs of the Indian forests, the 
Australian Blackfellows, and the Bushmen 
of the Kalahari desert. 

All these are divergent or retrograde forms 
of human life. Indubitably men, their 
little communities of at most a few score 
individuals, with their crude equipment 
of implements, their limited language, and 
their rigid traditions, keep before us a rea- 
lization of the narrow limitations from which 
the mass of our species is now escaping. 
None of these folk seem ever to have lived in 
larger groupings than they do at the present 
time, but most of them have been influenced 
and sophisticated by some intercourse with 
less specialized humanity. They are not to 
be rashly taken as primitive. Rather they 
are the preservers of aberrant and less 
successful tabu experiments. Many of the 
more peculiar institutions of the vanishing 
savage societies of our time are the socio- 
logical equivalents of the platypus and 
echidna. They are not ancestral survivals 
but side branches. 

§ 4 

The Development of Human Interaction 

In Chapter 7 of the preceding Book, we 
have considered the intricate system of 
associations and symbols by means of which 
three writers, working together in ar country 
house in Essex, in England, are able to arouse 
the thought, form and flavour of an orange 
in the minds of reiders in America, Australia, 
Africa, China or anywhere else to which 
this work may penetrate. We pointed out 
how it is that the human mind is able and 
free to isolate qualities and pursue generali- 
zationi, to form, analyse, and reconstruct 
concepts, because of its use of word-symbols. 
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This docs not merely carry the power and 
range of the individual human mind Jiu- 
measurably beyond that of any other living 
creature ; it also establishes a new dud 
strange interdependence among human indi, 
viduals. The development of that inirr- 
dependence is one of the leading motif in 
The Outline of History, and we refer to it only 
briefly here. Probably the first language 
was a language of gesture and mimic ly. 
Imitative sounds were an obvious way of 
suggesting other animals, or any other noise- 
making objects, such as a stream or a bree/c. 
With most gestures, as Sir R. Paget has 
recently pointed out, goes an associated 
movement of the vocal apparatus, and it was 
a convenient and labour-saving expedient 
to detach this concomitant as a symbol of the 
gesture it accompanied. Man also drew 
early. The aggregation of his sound sym- 
bols into grammatical speech and ol‘ his 
pictorial gestures into picture-writing .ind 
at last into script, once it had begun, may 
have progressed very rapidly. Symbolism 
must have involved a great economy in 
association. It was a process that probahK' 
took a few thousands rather than scoies 
of thousands of yean. Later Palcolilhic 
man and early Neolithic man were alrr;ul\ 
freely- talking and picture-writing aniimiK. 

With the development of speech .md 
image and picture and with the multipli- 
cation of instruments and constructions, man 
began to supplement his heredity in an 
entirely unprecedented fashion. We have 
told how with the evolution of parental 
care among the higher vertebrata, education 
appeared in life. All the Hominidae wnc 
exceptionally educational animals, and with 
the development of speech, precept was 
added to example and memories began to 
be transmitted from old to young. Homo 
was the first living creature to form a pictum 
of his universe that transcended individu.il 
experience. The elders supplemented thcii 
stories of what had happened to them and 
what they had been told by their predeces- 
sors with imaginations about the beasts and 
rocks and the sun and moon ; myth and 
legend were added to tradition. 

It is not so very difficult to imagine, once 
the process of symbolization was begum 
once the point of crystallization was reached 
and language became possible, a very rapid 
development of the traditional element iji 
_ human life. Men began to “ explain ' 
things, and particularly the tabus and 
customs, by ^'telling stories about them 
Man added tradition to heredity. He is 
the first and only traditional animal. Then 
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again he is separated from all the species. 
And now he ceases again to be traditional. 
He is supplementing tradition by science 
and analysis. Tradition has been a phase 
in his development which has lasted only 
a few score thousand years. 

Primitive human thinking was like the 
thinking of children and uneducated people 
today. Something was imagined and either 
liked and sought, or disliked and avoided. 
Things were grouped in the mind to see how 
(he) looked and felt together. Counter- 
vaihng ideas were evoked to alleviate, dis- 
tort or suppress disagreeable realizations. 
Thinking was more like reverie and had little 
use lor words until it had to be told. It has 
onl)' been very slowly that an acuter observa- 
tion, an exacter definition, a more logical 
process has come to the aid of these primitive 
metliods, and now begins to supersede them. 

The great period of Hellenic thought 
between the sixth and the fourth centuries 
B.c. marks the transition from what Jung, 
in his Psychology of the Unconscious, calls 
Lhidirected Thinking to Directed Thinking. 
Plato has recorded and immortalized for 
us the birth-cries of logical thought Aristotle 
^sas the Father of Natural History and 
I'hilosophy. From that period onward, 
[he earlier mythological method of expres- 
.lon, dream-like in its quality, gave way slowly 
)ut surely to philosophical analysis and open- 
'ved scientific classification. We are still in 
he closing centuries of that phase of tran- 
ition. Only now does it become possible to 
)icsent the* ordinary human being with a 
heture of the universe that is generally 
alid and divested of fabulous interpretations. 
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The bulk of mankind is still thinking mytho- 
logically. Only now is it possible to replace 
dogma by rational direction. 

In Th Outline of History, the expansion 
of man s picture of the universe is traced. 
Step by step we see how man passed from 
a picture of the universe centring upon his 
family and his tribe and having a radius 
of a few score miles, a little fear-girt picture, 
filled with the projection of his personal 
reaction to his father and his associates, to 
broader concepts, to the picture of the city, 
the nation, the state or the empire. His 
mythology in that story of the past retreats 
before the advancing realism of his thought, 
his sympathies expand, his sense of fellowship 
replaces an animal hostility to strangers 
and to unfamiliar types. '^ITiroughout that 
story there go on a concurrent improvement 
of his means of transport and a steady 
development of his methods of expression, 
record and communication. In spite of 
hatp and brutalities, of an inherent dis- 
position to distrust, of the crazy egotism 
of the ordinary individual in a position of 
power, of a troublesome inheritance of greed, 
cowardice, sloth, and self-protective illusion 
in spite of all these things, this advance 
continues steadily. We live in a clearer 
and a cleaner light than the men of the past. 
I’he average person is more lucid and less 
obsessed. An ever-increasing proportion of 
human beings realize sane and comprehen- 
sive pictures of the universe. Loyalties 
grow wider and more rational. It is a 
proce.ss of mental personal expansion to 
which the only visible limit is our planet and 
the entire human species. 
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PRESENT PHASE OF HUMAN 
ASSOCIATION 


§ 1 . The Religious Tradition. ^ 2 . The Passing of Traditionalism. § The Super- 
session of War. § 4 . The Change in the Nature of Education. § 5 . The Breeding of 
Mankirtd. § 6 . The Superfluous Energy of Man. § 7 . The Possibility of One 
Collective Human Mind and Will. § 8 . Life Under Control. 

§ I than seven or eight thousand years .10,) 

The Religious Tradition 

this change-over Ironi casual to econoiim 

W E have considered how the Hominida; living occurred in these regions. Present 1\ 
became more gregarious not by a we may find remains of these phases in tiu 
diminution of individual lust, combativeness Near East or North Alrica or elsewhere , 01 
and self-assertion through variation and they may have occurred in lands now sul)- 
selection, but by the suppression of egoistic merged and inaccessible to us — the basin 
passions by countervailing inhibitions, of the Mediterranean, for example At 
Man’s social evolution has been a mental present we have to fill the hiatus with spec u- 
process, through the development of a lativc matter. 

tradition of restraint upon impulsive conduct. On one side of the hiatus we have tlic 
Possibly there has been a selective preference later Paleolithic men such as inhabited 
lor inhibitory types, so that now he restrains Spain and the South of France some twentN 
himself with increasing ease, but that must thousand years ago. 'Jlicy seem to li.wi 
remain a guess. Nothing has been sub- had a tribal organization of unknown ranm 
tracted from man in the processes of socializa- They were wandering barbarians who bad 
tion but something has been added and made very considerable upward pro^ns^ 
imposed. He is not a fierce animal that from primordial savagery. The aitistu 
has become a weak one, but he is a fierce value of their sculptures and their drawmi^s 
animal bridled and trained. He has been upon rocks (see Figs. 337-9) is well known 
“ caught young,” he is now trained from I'hc South African bushmen who m.iki 
the plastic days of childhood to control similar drawings to this day believe tlu'\ 
himself, and this observance of self-control have magic power, and that they cast <1 
and the rules that determine it is in most favourable spell over the hunted game 
savage communities regulated by the system depict. In addition to his tabu system, tli< 
known, broadly speaking, as tabu. The later Paleolithic savage had also, it would 
same carefully cherished infantile awe more seem, a priictical science and art, a b n''!) 
highly elaborated and directed, the same or magic system. We find the sinulai 
organization of an inner moral conflict mingling of awe and rather badly reasoned 
for the good of the community, becomes in practical magic in surviving savage coin- 
thc larger, more complex societies that dawn munitics, and it is reasonable to conclude 
upon us in the Mediterranean region and that in the later Paleolithic period o\ci 
cast central Asia, at the very beginning of most of their wide range the human trit)cs 
history, the core of religion. had arrived or were arriving at about the 

There remain some wide gaps in our same level of mental development. Then 
direct knowledge of the evolution of human on the near side of the hiatus, without ain 
society. It is only in a few regions of the satisfactory connecting bridge, we find these 
world that any systematic search for traces early agricultural communities in the Nco- 
and vestiges of early man has yet been pos- lithic stage. 

sible. We have still to piece together the There is nothing to indicate |hat these 
stages by which man under ravourable Neolithic peoples and culture devclo{)ed 
conditions passed from the phase of a casual directly from the later Paleolithic. Tlu se 
feeder and hunter, not very definitely fixed, two cultures may have developed di\ cr- 
to a definite place, to the condition of a gently frdhi a common origin at the lovci 
settled cultivator. In Egypt, in Meso- Paleolithic level. Except for a certain 
potamia, we find him already settled more want of artistic freedom, the Neolitihe 
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peoples hav€ got practically everything the 
[iH'i Paleolithic folk have. In addition 
the\ have carried their implement-making 
to a much higher and more polished level, 
thev liave domesticated and use a number of 
aoinials the Paleolitliic people merely hunted 
and they practise a most elaborate and 
icligious agriculture. How they attained 
to agriculture is one of the most fascinating 
riddles of human evolution. It may have 
been a very gradual process. 

W’c can offer here only contributory 
considerations to the answering of that 
riddle. Certain salient facts, have to be 
ii()i(‘d. First and most striking is the fact 
that everywhere there is the closest associa- 
tion of agriculture with sacrificial religion, 
d o a modern mind that is very perplexing, 
riie Neolithic cultivator did not simply 
pi ( pare the ground with hoe or primitive 
])lough and sow the seed. That was not 
enough. He also sacrificed one or more 
li\'ing beings and in the most primitive 
( ases he made a human sacrifice. He made 
It u’ith an elaborate ceremonial and the act 
uas performed by a special person, the priest, 
file victim’s body was partly eaten and partly 
distributed over the ground to be cultivated. 
Seed-sowing and sacrifice seem to have been 
equally important in the mind of the 
Neolithic cultivator. Neither was much 
good without the other. The survivals and 
vestiges of this seed-sowing sacrifice are 
lound all over the world, wherever there 
<ire crops. 1 hat copious erudite work, 
f Inzer’s Golden Doughy traces this connection. 
How did this association arise ? We may 
guess, but wc cannot feel sure. 

It is so much a matter of common know- 
ledge now that the seed and its consequence, 
die plant, arc qonnected, we are told of it 
so early in life, it is so woven now into 
the hackneyed metaphors of thought, that 
It IS a litde difficult for us to imagine in- 
telligent adult Paleolithic savages to whom 
the idea was unknown. But there must have 
ht en a stage when it was still as unknown as 
the science of electricity. There still exist 
to-day savage peoples who are unaware of 
the connection between the union of the 
sexes and the birth of children, and the 
connection of seed and plant is at least as 
ri'inote. Maybe the predecessors of the 
ficst agriculturalists wandered after food 
‘tod at certain places men died or were 
Killed in hunt or combat, and were buried. 
I^'^rly man, some of the varieties of early 
toan, may ^^ve had cannibal habits. They 
^tc part of a body to share in its strength ; 
they buried the rest of the body if it was 
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the body of anyone they respected, with 
honour ancl ^Ih supplies of food, quantities 
ol gram. The grain may also have been 
scattered about the dolmen, the tumulus 
they were making. They would return 
later and find an unusually dense crop of 
their grain-bearing plant upon the site. 
They might believe this to be a special 
bounty from the departed. There was 
nothing to direct their minds to the fad 
that .scattering the seed was the essential 
thing to get such a crop ; it was not irrational 
for them to think the burial was the essential 
thing. “ Bury a body with proper respect,” 
they would reason, “ and you get a crop of 
grain.” It was not absurd for them to 
suppose that il a well-treated youth or 
maiden was specially killed and buried, a 
crop of food would ensue. 

Always we have to make great efforts 
before we can hope to approach the primitive 
savage’s conceptions. It is not only in the 
case of seed and plant that we arc obliged 
to clean out all our fundamental ideas, .so 
to .speak, before we can imagine the early 
savage’s thought-process. In regard to death 
wc find our minds stored with the accumula- 
tion of ages of thought, speech and tradition. 
But does an ape, did the early Hominida?, 
know of death ^ You killed and you ate. 
Your companion was wounded and got 
better, or he was wounded and became 
immol)iIe. Would he get up again ? You 
left liini and presently you saw him alarm- 
ingly in a dream. He was still alive, you 
inferred, but queer ! Uncritical people, 
brought up with elaborate beliefs in im- 
mortality, are apt to say that the burial 
of the dead by various species of the Homo 
with their weapons and provisions and 
women, shows that these early people had 
a belief in “ immortality.” It is, we suggest, 
much truer to say that they did not believe 
the deceased was altogether dead. They 
were left uneasy by his enigmatical be- 
haviour. It was wiser to respect and con- 
sider him still. So in the case of chiefs and 
masterful people, you bewailed their loss, 
you implored them to aid you, you did not 
dare share out their weapons and treasures. 
You waked them and buried them with all 
that was by tabu untouchably theirs. And 
killing the sacrificial victim was not thought 
of as extinction ; he was simply released to 
work in k new way for his slayers. 

These are matters of the purest guess- 
work and supposition, and to, too, are the 
mental processes by which men ceased to 
be hostile to many of the animals about 
them. Wc are not stating proven facts 
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here ; we are offering suggestions* The 
fabulous stage of a child’s imagination may 
give us some inkling of what went on in 
the mind of man when he crept close* to the 
beasts. One may understand with a lesser 
effort how tribes following herds of wild 



337* Paleolithic and Modern Savage Art. 

Two clay figures of bison, about 2 feet long, in the Tuc (VAudouberl 
cave, in France. {From le Comte de Begouen in “ V Anthropologic.'') 



Fk' 33S- A spirited sketch of a bison in the Manx 
cave. 

Such representations undoubtedly were used in hunting-magic. Three 
spear points have been drawn, piercing the bison's lungs. {From 
Cartailhac and I'Abbi H. Breuil in “ V Anthropologic.") 


cattle may have developed a proprietary 
sense, protecting them from wolves and 
other hunters and penning them into con- 
venient valleys, and how the dog, playing 
much the same role towards man as the 
jackal docs to the lion, may have grown 
imperceptibly to companionship. It is the 
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most natural thing in the world now foj. 
men to drink the milk of their cattk , but 
there was a time when it must have senned 
a strange, unnatural thing, a “ beastly ” 
thing to do. Our ancestor in that past 
had no trained observation, no lucid ian. 
guage, no logical method of thou^hi ; 
he thought experimentally in mn 
ages and myths. In the fantasies 
of children and dreamland, the 
species recapitulates its nuntal 
growth ; in traditional mytholoj^ry 
we have the mental fossils of mail's 
intellectual evolution. 

Moreover in these Neolithic c nni- 
munities of cultivators which appeal 
on the dawn of history, the* stars 
and the seasons, the fact of the year, 
have been discovered. An im- 
mensely clumsy astronomy has tome 
into existence. Pyramids, obelisks, 
great standing stones, are heine 
used to measure the altitude ol the 
sun and determine the caidmal 
points of the year, from which the 
propitious times for seed-time and 
harvest may be deduced. We mat 
hazard the opinion that in soiiu 
level land open to sun and stars, 
where a periodic inundation was 
the vitalizing power upon the soil, 
men first observed the midchn 
shadows growing shorter or longci 
as the floods drew near. 

Speculation apart, the facts lo- 
main that in the Neolithic phase w( 
begin to recognize the developnieni 
of settled human societies, with tlu 
main features that we still Irac e m 
our present communities. The cen- 
tral fact of social life has become 
the altar ; the directive forc(‘ is 
the priest. Tabu, that is to say 
primitive moral control, and m.igie, 
which is primitive science, are now 
grouped about the directive priest- 
hood, and an elaborate astronomy, 
fraught with worship, links lli^* 
plough and the labouring beast and 
the sacrifice upon the altar with the 
constellations. On these stellar and 
mystical co-ordinations the uncer- 
tain prosperity of communis ^anel in- 
dividual is understood to depend 
great fear of disturbing the orde 
any strange act or any negligenceT'Ttf thmg^ 
go wrong, then someone must have sinned 
against trkiition. The sinnei^kmust aione 
for his sin in order that the ncSgiestic order 
of seed-time and harvest should continue. 
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Whatever were the precise steps man took, 
01 whatever elaborate mental suppressions 
and elaborations made it possible for him to 
take them, the fact remains that in a period 
of live hundred thousand years or less, and 
nmiiily through the efficacy of this internal 
conllict, this system of suppressions, in 
making co-operation possible. Homo sapiens 
ceased, over favourable areas of the world, 
to be a casually living animal like all the 
res I of the vertebrata, and became an 
economic animal, foreseeing, domesticat- 
ing, cultivating, storing and toiling as no 
other animal species had ever done. 
Tradition, the new invention of Nature, 
guided and controlled him and gave him 
an unprecedented security. It guided 
and controlled him, but never completely 
subjugated him. 

1 le was subdued to toil but he developed 
no instinct for toil. The history of his 
social development until the dawn of our 
own time is largely the history of an 
jntricate interplay of the desire to evade 
and thrust off the incidence of toil, with 
ilic traditions, training and suppressions 
dial made submission possible. So in- 
incatc is that moral and economic drama, 
cvi n in outline, that it can be dealt with 
s.itisfactorily only in a separate work, at 
least as extensive as this present summary 
oi The Science of Life, For that it must 
!)(' reserved. 

And settlement and civilization were 
not the lot of all the species. In suitable 
regions it became settled, but over great 
art'as of land where the grass' was iiiter- 
Tniiient it roved with its cattle, and be- 
came nomadic. And in forests, tropical 
uplands and mountain regions it devel- 
oped minor systems of living, minor 
traditions and mythologies. Tradition 
never attained complete uniformity or 
complete stability. The nomad reacted 
upon the agriculturalist and the agricul- 
turalist on the nomad. They swapped 
stories and imitated methods. They 
nt ver ceased from interaction and inter- 
breeding. Of this interplay The Outline of 
History tells more fully than we can do here. 

Obscure and difficult as the story of social 
development still is, there can be no question 
ul thi^liiniense survival value of nearly 
t'veryMBc in the process of settlement. 
Man, being a not very abundant 

Species, sparsely diffused, began to multiply 
extremely in the regions best adapted to 
primitive ^Itivation. The human popula- 
tion of the world, which before may have 
been no more than a few score thousand, 


soon mounted far beyond the million mark 
in the great alluvial areas. We have already 
said something in Book 5 of the effect of 
climatic fluctuations on the phases of man’s 
early development. The time is almost at 
hand when it will be possible to correlate 
the broad movements of human population 
both in the old and new worlds with the 
extensions and retreats northward and 



Fig, 339. A drawing by a modern Australian 
native of a kangaroo hunt. 

By a curious convention, the animal's interior anatomy is shown. 

{From Baldwin Spencer's “ Wandering's in Wild Australia,** 
Macmillan Co., Ltd.) 

southward of forest and desert conditions. 
The way in which the Aryans came down 
on the earlier Aegean and Semitic civiliza- 
tions, otherwise so inexplicable, becomes 
understandable when we realize that the 
forests and their way of life were coming 
with them. Fluctuations of the grass on 
the steppe lands drew and drove the Nomads, 
accumulated energy for centuries and then 
sent it trekking. Agriculture adapted to 

869 


BOOK 9 


THE SCIENCE OF LIFE 


CHAPTEl 


flooding lands may have responded with 
more and more efficient irrigation systems 
as the world grew dry. 

§ 2 

The Passing of Traditionalism 

The development of human societies was 
a development of traditions. Usage, justified 
by mythology, was the method of human 
association for scores of centuries. But the 
different conditions under which our widely 
diffused species was living in different 
regions of the world forbade the establish- 
ment of any uniform usage and mythology. 
By wars, raids, and the clash of traditions, 
the spirit of comparison, disputation, and 
inquiry was fostered. Undirected thinking 
gave place here and there in a few minds 
to a more sceptical, sustained and efficient 
process. The climatic fluctuations that 
brought the Semitic and Aryan-speaking 
peoples down upon the primitive civilizations 
opened the human mind to the possibility 
of alternatives in tradition. Men asked 
“ What is truth ? ’’ Inventions in thought 
and method no longer awakened the same 
effective distrust and opposition. Plato’s 
Utopias display the full-fledged realization 
that tradition could be set aside and a 
social order still exist. Aristotle embodies 
the release of the human mind towards 
new knowledge and power. These are the 
pioneers of modern thought and effort. 
How their initiatives lost force and were 
renewed again in the birth of modern 
Science, the historian must tell. 

There is a very able and too little known 
book upon the Fijians by Sir Basil Thomson 
— a “ study of the decay of custom,” which 
illustrates very admirably the tentative and 
intermittent way in which progress has 
been achieved in the human past, and the 
new spirit in which man now faces 'his world. 
We thank Sir Basil for the liberty of quoting a 
striking passage from the book, so well does 
it say what we wish to express here. It is 
all the better that it says it at an angle of 
approach and with implications rather differ- 
ent from our own. 

“ The law of custom was the law of our 
own forefathers until the infusion of new 
blood and new customs shook them out of 
the groove and set them to choosing 
bctwcerl the old and the new, and then 
to making new laws to meet new needs. 
This happened so long ago that if it were 
not for a few ceremonial survivals we might 
well doubt whether our forefathers were ever 
so held in bondage. With the precept — 
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to do as your father did before you an 
isolated race will remain stationar\ j;,i 
centuries. There is, I believe, in all thr 
liistory of travel, only one instanc - 
which the absolute stagnation of a ]acf 
has been proved, and that is the casi oi 
the Solomon Islands, the first of the l^infic 
groups to be discovered and the last to 
influenced by Europeans. In 1568 a Spanish 
expedition under Alvaro de Mendana set 
sail from Peru in quest of the Southern (on- 
tinent. Missing all the great island groups 
Mendana discovered the islands named 1)\ 
him Islas de Saloman, not because lir 
found any gold there, but because he hojird 
thereby to inflame the cupidity ol’ tin- 
Council of the Indies into fitting out a 
fresh expedition. Gomez Catoira, Ins 
treasurer, has left us a detailed account ol 
the customs of the natives and about fort\ 
words of their language. And now conu s 
the strange part of the story. Expedition 
after expedition set sail for the Isles ol 
Solomon ; group after group was dis- 
covered ; but the Isles of Solomon weic 
lost, and at last geographers, having shilii'd 
them to every space left vacant in the ch.iri, 
treated them as fabulous and expunged tliein 
altogether. They were rediscovered hy 
Bougainville exactly two centuries later, 
but it was not until late in the ninclcenih 
century that any attempt was made to 
study the language and customs of ilic 
natives. It was then found that in c\'n'\ 
particular, down to the pettiest detail in 
their dress, their daily life and their lan- 
guage, they were the same as when Catoira 
saw them two centuries earlier, and so no 
doubt they would have remained until tlic 
last trump had not Europeans come amonii: 
them. ... 

“In the sense that no race now cxi'^ls 
which is not in some degree touched by 
influence of Western civilization, the present 
decade ” — (the book is dated 1908) — “ nia\ 
be said to be a fresh starting point in the 
history of mankind. Whithersoever we turn, 
the laws of custom, which have governed 
the uncivilized races for countless generations, 
are breaking down ; the old isolation which 
kept their blood pure is vanishing bclon* 
railway and steamship communication which 
imports alien labourers to work for European 
settlers ; and ethnologists of the future, 
having no pure race left to examine, "vmH 
have to fall back upon hearsay evidence ni 
studying the history of human institutions. 

“All this'‘'has happened before in the 
world’s history but in a more limited area. 
To the Roman armies, the Roman system 
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()i\Kiv(*-owning, and still more to the Roman 
nvids we owe the fact that there is not in 
\\\ sn'm Europe a single race of unmixed 
1)1, for even the Basques, if they arc 
inch ed the last survivors of the old Iberian 
stock, have intermarried with the French 
aiul Spanish people about them. An eth- 
noh^gist of the eighth century, meditating on 
the wave upon wave of destructive immi- 
gration that submerged England, might 
^vcll have doubted whether so extraordinary 
a mixture of races could ever develop 
patriotism and pride of race, and yet it did 
not take many centuries to evolve in the 
English a sense of nationality with insular 
picpidice superadded. Nationality and 
patriotism are in fact purely artificial and 
gc'ographical sentiments. Wc feel none of 
iIk' bitter hate of our Saxon forefathers for 
tlu'ir Norman conquerors ; the path of our 
advaiiee through the centuries is strewn with 
ihf‘ corpses of patriotisms and race hatreds. 

Nor was the mixture of races in Europe, 
the mere mingling of peoples descended 
jiorn a common Aryan stock, for if that were 
so, what has become of the Persians and 
Egyptians, worshippers of Aeon and Serapis 
and Mithras, who garrisoned the North- 
iinihcrland wall ; of the host of Asiatic 
and African soldiers and slaves scattered 
through Europe during the Roman Empire ; 
of tile Negroes introduced into Southern 
I’ortugal by Prince Henry the Navigator ; 
of the Jews that swarmed in every mediaeval 
city; of the Moors in Southern Spain? 
Did none of these intennarry with Aryans, 
and leave a half-caste Semitic or Negi*o 
01 Tartar progeny behind them ? How 
otherwise can one account for the extra- 
ordinary diversity in skull measurement, in 
pioportion and in colour which is found in 
tlie population of every European country? 

If wc except the inhabitants of remote 
idands probably there has never been an 
unmixed race since the Paleolithic Age. 
hong before the dawn of history kingdoms 
rose and fell. Broken tribes, fleeing from 
invaders, put to sea and founded colonies 
in distant lands. Troy was no exception 
to the rule of the old world that at the sack 
of every city the men were slain and the 
women reserved to be the wives of their 
conquerors. Doubtless it was to keep the 
Hebrew blood pure that Saul was com- 
manded to slay ‘ both man and woman, 
mfant and suckling ’ of the Amalekites, the 
ancestors of the Bedawin of the Sinai 
])eninsula. 

“ It maybe argued that the laws of custom 
have been swept away by conquering races 


many times in the world’s history without any 
far-reaching consequences -those of the Neo- 
lithic people of the long barrows by the 
warriors of the Bronze Age ; those of the 
British by the Romans ; those of the Rornano- 
British by the Saxons ; those of the Saxons 
by the Normans. But there was this dilTer- 
ence ; in all these cases the new customs 
were forced upon the weaker race by the 
strong hand of its conquerors, and as it had 
obeyed its own laws through fear of the 
Unseen, so it adopted the new laws through 
fear of its new masters. It was a rough, 
but in the end a wholesome schooling. 
We go another way to work ; we do not as 
a rule come to native races with the authority 
of conquerors ; we saunter into their country 
and annex it ; we break down their customs, 
but do not force them to adopt ours ; we 
teach them the precepts of Christianity, and 
in the same breath assure them that instead 
of physical punishment by disease, which 
they used to Ibar, their disobedience will 
be visited by eternal punishment after death 
- a contingency too remote to have any 
terrors for them ; and then wc leave them 
like a ship with a broken tiller free to go 
whithersoever the wind of fancy drives them, 
and it is not surprising that they prefer 
the easy vices of civilization to its more 
difficult virtues. In civilizing a native race 
the suaviter in modo is a more dangerous pro- 
cess than the fortiier in re, . . .” 

There an exceptionally penetrating colonial 
administrator, who was specially engaged 
in the problems of Polynesian human 
biology, gives an admirable summary of 
the mutual destruction of traditions. What 
he says of Fiji applies with appropriate 
modifications and differences of intensity 
to the whole world of mankind. Amidst 
this dissolution of traditions Science draws 
the lines for a fresh material and moral 
organizatfbn of our race. 

§ 3 

The Supersession of War 

Paleolithic man in most of his varieties 
may have been a very combative creature 
as an individual, he was probably as fiercely 
territorial as many birds, but it is doubtful 
if anything of the nature of war had a place 
in human experience until these later stages 
in the Paleolithic record, when the social 
group had grown to the dimensions of a 
tribe. Then probably the collective hunting 
of big game and tribal bickering and warfare 
developed together. 

The settled population of the Neolithic 
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period were already familiar with warfare. 
Early sculptors from the Sumerian cities 
and from pre-dynastic Egypt show us 
disciplined fighting men. War became an 
inte^al part of the social tradition. Conquest 
and the interplay of the warrior and priestly 
tradition supply the main themes of recorded 
history. 

In Book 4 (Chap. 8, § 3) we discussed the 
evolution through natural selection within 
a species of structures and habits inimical 
to the species as a whole, but giving an 
advantage to the particular individual over 
his fellows. Such are many conspicuous 
sexual colours and noises, enormous antlers, 
exaggerated size and the like. The war- 
making disposition seems in many cases to 
have been a variation of this sort, which 
gave particular human tribes and com- 
munities a distinctive or dominating advan- 
tage over more peaceful societies. In the 
past, wars and conquests have no doubt 
done much to accelerate human progress 
by breaking up tradition-systems that 
threatened to become rigid and facilitating 
the establishment of larger and more efficient 
unities, but that was a phase out of which we 
have passed, and there can be little question 
now of the biological disadvantage which 
rests upon our species through its present 
preoccupation with war and war organi- 
zation. 

War prefers the healthier and more 
vigorous males for possible destruction at an 
age when the chances are against their having 
produced offspring ; it misdirects and wastes 
a grave proportion of the none-too-amplc 
directive and organizing ability of mankind, 
and its consumption of material resources 
even during that preparatory phase which 
we dignify with the name of “ peace ” is 
disastrous. 

Inseparably associated with the habitual 
idea of war as a normal feature in%fc is the 
%dea of the independent competitive sovereign 
state. 

The picture of the universe in the minds 
of a vast majority of men and women is 
distorted by this idea of a necessary hostility 
to foreigners and the fear of any relaxation 
of the disciplines of the state to which they 
arc devoted makes them obstruct every 
effort to release the new generation from its 
obsession with belligerent ideas. For many 
people who are adult and set, such ideas 
have become incurably a part of the mental 
structure. They cannot think of political 
and social questions except in patriotic 
forms. Yet the independent sovereign state 
tradidon, which is really inseparable from 
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and in part idendcal with the war tradition, 
cripples educadon at the present time, limits 
human freedom, hinders the development 
of a sane conservation and exploitation of 
the economic resources of the world, and is 
altogether so patently evil that it is impossilile 
to believe that it will maintain itself for many 
more generations against the accumulating 
commonsense of mankind. A great cultural 
effort is certainly necessary, and a thousand 
intricate problems of tactics and stratoi^y 
must be solved before human education can 
be turned away from its traditional preju- 
dices, but the experiences of the last hundnYl 
years of release and restatement give good 
grounds for confidence that the thing nia\ 
be done. 


§ 4 

The Change in the Nature of Education 

We have said that man, like many of the 
higher mammals and much more than an\ 
of the others, is an educational animal, 
But education for him, as for them, has been 
until quite recent times the imparting ol 
tradition, the building up of his systems oi 
association upon traditional lines. In educa- 
tion the human young learnt the wisdom of 
its forefathers. Education was an entirely 
conservative force ; it functioned to preserve 
the traditional state of affairs. So it is still 
over large parts of the world. So it is when - 
ever it is under the direction of religious 
bodies who maintain a view of the universt' 
which they believe to be final. So it is iu 
the completely self-satisfied atmosphere of a 
typical English public school. But in quite 
a little space of years the conception ol 
education in many progressive minds has 
undergone the most revolutionary develop- 
ments. The introduction of scientific work 
has infected even the most dogmatic centres 
with a sense of intellectual incompletenes.s. 
Even the most traditional education glances 
now ever and again, almost unwittingly, 
towards the future. Instead of “ forming 
minds ” and “ moulding character ” to a 
certain pattern fitted to a definite role and 
then turning out the completed product 
to astonish the world, the educational 
machinery of to-day begins at least to think 
of its function as a preparation for adventure, 
experiment and learning that will continue 
throughout life. 

Education, from the modern point of view, 
consists of four chief factors. There is, 
the training 'Irf' all the individual faculties 
to as high a level as possible, speech, drawing, 
the full use of hands and body generally ; 
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tivo, the development of a persona and of 
the self-knowledge and the practical psy- 
rhological commonsense necessary for happy 
personal conduct and the filling of a dis- 
inictive role in life ; three, the establishment 
of a picture of the universe in accordance 
with reality, the realization of the great 
adventure of humanity and of a personal 
I ole in that drama ; and, four, the special 
technical training and experience needed for 
the due enactment of the individual role. 
Or inverting the order, education should aim 
to make of each individual a good versatile 
artisan — ^versatile, for conditions change — a 
good citizen consciously playing a part in a 
general scheme, and a well-disposed, con- 
siderate, amiable person in full possession 
of all his or her powers. And throughout 
life there should be a persistence in educa- 
tional adaptation. The dismal old-fashioned 
idea that one learns all that one has to learn 
before adolescence and then works out the 
( onsequences, as many animals do, is fading 
out of human thought. Adult education 
and self-education become duties in the 
luodern state, and sloth, as we pointed out 
in our chapter on Conduct, a deadlier sin 
than ever. The modern world has less and 
less use for men and women who have ceased 
Id learn. 

It is not within the scope of this book to 
deal with educational method and still less 
with educational organization. The work 
of the behaviourists is manifestly bound to 
have a profound influence on early training 
and we have shown by example how the 
problems of conduct change as the light 
of psycho-analysis is brought to bear upon 
them. General education has become a 
lunction of the modern state. The whole 
of education does not go on in schools even 
during the school years, but the purpose of 
state education is plainly to equip all its 
citizens, or all the citizens that matter, with 
the means of understanding and participating 
in a collective aim. It is natural for the 
state to seek to justify and establish itself in 
the minds of its future subjects. In a world 
of militant independent sovereign govern- 
ments, it follows that the inculcation of 
patriotism and a military spirit will be a 
constant preoccupation with the directors 
of the people’s schools. But as we have 
pointed out in the previous section, the 
division and wastage of human effort by a 
multiplicity of independent potentially bel- 
ligerent governments may be a transitory 
phase in human affairs which is now 
approaching its end. The struggle to bring 
it to an end will be necessarily an educational 


struggle. For the next few centuries that 
struggle will determine the main forms of 
intellectual life. There will be much instinct, 
much vigour and passion on the nationalist 
side, but in every country the nationalist 
side will be telling a different story, while 
all over the world men imbued with the 
scientific spirit and a realization of historical 
values will be working for identical ends. 
Social, economic, political and intellectual 
progress will be different aspects of the same 
process. 

§ 5 

The Breeding of Mankind 

We have already called attention in this 
work to the fact that Homo sapiens, or at any 
rate, his civilized variety, is peculiar among 
other animals in the lesser pressure of natural 
selection upon him ; he is not being killed 
off to the same extent as most creatures. 
He has so fenced himself about with security, 
so increased his food supply and defeated 
his enemies, that for a time at least he is 
relieved from those searching destructive 
tests which in the case of most species under 
normal conditions maintain a certain 
numerical stability. The human population 
of the world is increasing very impressively. 
In Book 6 (Chap. 5, § 7) we wrote of the 
“ breeding storms ” that will occasionally 
upset the balance of this or that biological 
community, when conditions arc favourable, 
and produce a vast excess of some particular 
creature. Mankind seems to be going 
through such a breeding storm now, the 
favourable conditions being provided by 
his new-found control over nature. 

According to Professor Garr-Saunders in 
his excellent little book on Population, there 
now exist one thousand seven hundred 
million human beings. A century ago there 
was noi half this number. The presen||, 
rate of increase, he estimates, is about one 
per cent, per annum. Such a rate would in 
five hundred years’ time give a world popu- 
lation of two hundred and fifty thousand 
million. This means that all over the globe 
there would be five hundred times as many 
people as you now find in such congested 
regions as England or Belgium. And a not 
very remote prolongation of our arithmetic 
would bring us to a time when all the land 
and shallow water of the world would 
scarcely afford standing room for mankind, 
much less space for food-growing. Mani- 
festly something will happen long before 
that state of affairs arrives. 

One thing indeed is happening now, a 
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growing voluntary restraint upon increase. 
We have already mentioned what is called 
birth-control in Book 8 (Chap. 8, § 6) and 
indicated the essence of its methods. Know- 
ledge of them is being diffused and through 
the spread of this knowledge and of the ideas 
that promoted that spread, and through a 
rise in the age of marriage, an effective 
check on human multiplication is coming 
into play. The rate of increase has fallen 
and continues to fall in just the countries 
in which increase was most conspicuous half 
a century ago. From 1870 to 1880 the 
annual English birthrate averaged 35.4 per 
thousand living ; in 1928 it was 16.7 — less 
than half as great. The rising birthrate 
turned and began to fall traceably from the 
time that birth-control methods became 
reasonably effective and the knowledge of 
them became widely disseminated. This 
breeding storm has certainly passed its 
maximum in the United States and all the 
Western European countries. 

There seems to be an irresistible seeping of 
birth-control knowledge now throughout 
the world, even where all outward discussion 
of birth-control and all facilities for its 
practice are forbidden. There is a direct 
correlation of the standard of life with the 
birthrate, and no population to which 
these ideas and methods have come has failed 
to respond to them. Even in blackest 
Italy, in spite of the most vigorous formal 
suppression of birth-control propaganda, the 
eloquent exhortations of the Duce to Italian 
womanhood and the threatenings and out- 
rages of philoprogenitive Fascist! spread 
the suggestion, and the birthrate falls- 
under conditions of dingy concealment, no 
doubt, and with much mental trouble. 
For some generations, and more and more 
universally as the modern ways and con- 
ceptions of life that are known as Westerni- 
j^lBation spread about the world, the birthrate 
will probably continue to fall, and it is quite 
possible that there may even be a marked 
diminution of the total human population 
in the concluding phases of the process. 

That we cannot certainly prophesy. But 
it seems at least probable that this present 
human breeding storm will not have those 
tragic consequences in pestilence and famine 
that follow naturally upon the breeding 
storms of rodents and birds. There is 
enough reason to suppose that our modem 
productive organization, running at full time, 
can, for another century or more, support 
an even denser world population than now 
exists at a fairly high standard of life. But 
if a final disaster is to be averted, the slowing 
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down of the increase must continue uinii 
the increase ceases. Manifestly, long 
man arrives at the pitch of crowding \\o 
have anticipated, other restrictive forces will 
come into play. As we have already sug- 
gested in our sections on Ecology, he is 
living at present beyond his income. 1 1- is 
using up capital. Coal, many necessary 
metals, and above all phosphorus, are bdng 
used up and not replaced. High purrs 
and hard times will come in an intensify mg 
form long before that phase of “ standing 
room only,” and force this problem into tlu* 
focus of human intelligence. 

This breeding storm in which we are living 
now, unlike all other breeding storms m 
the world of life, may pass without a subse- 
quent massacre. And here again the abnoi- 
mality of human biology forces itself iqion 
us. Man it seems is breeding now withoni 
selection. And if presently the problem is 
tackled and the increase checked effectivciv 
the phase of severe selection that is ilir 
normal sequel to a breeding stonn may never 
occur. In which case, with a cessation of 
selection, there will be no further biological 
progress. 

Confronted with this possibility, liberal 
thinkers arc accustomed to reply that selec - 
tion will still go on but that it will no longe r 
be by killing but by relative breeding. 
That may or may not be so. Certain type s, 
it seems natural to assume, will breed nioic' 
abundantly than others. The most vital 
issue from the point of human biology is 
the question of what types wall breed most, 
whether they will be the types most helplnl 
in the progressive development of the world 
community and, if not, w^hat measures arc 
possible, advisable and desirable to rephu c 
nature’s method of sclection-by-killing by 
an alternative method of selective repro- 
duction — Eugenics : that is to say, the 
preferential breeding of the best. 

It is customary to speak of negative and 
positive eugenics. Negative eugenics is tin 
prevention of undesirable births. Positive 
eugenics is the promotion of desirable births 
Except in so far as the private judgments ol 
young people about to marry arc concerned, 
no attempts at positive eugenics are traceable 
in the world about us. Most young people ' 
about to marry seem to find an ounce ot 
flattery, or a trustworthy investment lisl, 
more directive than any eugenic idea.s. 
But negative eugenics is already in operation. 
In several ./Werican states surgical steriliza- 
tion — a very flight operation, the ligaturing 
of the oviduct or the vas deferens — is per- 
formed upon various types of mental defec- 
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s incapable of self-control. Six thousand 
su( li operations have been performed in 
C.ilifornia alone and it would be difficult 
t(^ find fault with the results. The reader 
will find an up-to-date account in Gosney 
and Popenoe’s “ Sterilization for Human 
B( ucrmcnt.” That there is a pressing need 
loi such negative eugenics in the Atlantic 
roiriiTiunities, due to the steady elimination 
of death selection from human conditions, 
is sliown by the British Board of Education 
Report of the Mental Deficiency Committee 
( 1 929) . This records an increase of one 
hiiiiclred per cent, in the defectives of Great 
Britain between 1906 and 1927, while the 
po{)ulation as a whole has increased only 
fourteen per cent. At present there are 
close on ten thousand certifiable defectives 
111 every million of the English population. 
The birthrate of defectives it seems has not 
risen, but the defective children have been 
better taken care of and have survived. So 
that they in their turn are capable of 
parentage. 

Apart from this traceable (and easily 
controllable) increase of idiots and imbeciles, 
there is very little evidence that any. change 
in the average human being is now going on. 
There is a considerable amount of talk about 
the rapid multiplication of the unfit, but 
underlying this there is an assumption of the 
eugenic superiority of the more prosperous 
( lasses over the artisan and labourer mass. 
It is doubtful if there is any such superior- 
itv. People talk of “ the ladder of social 
ofiportunity ” lifting brains and energy, 
and of stupidity and shiftlessness sinking 
to the slums. But on the other hand it may 
be argued that a quite stupid acquisitiveness 
and meanness may accumulate wealth, and 
that a large proportion of business successes 
are merely the lucky ones among a multitude 
of gamblers. Few great scientific discoverers 
have died rich, and the best human brains 
have quite other preoccupations than getting 
or getting on. Advocates of the universal 
diffusion of birth-control knowledge argue 
that shallow, self-indulgent and mean- 
J'pirited types will be tempted to eliminate 
tliemselvcs altogether. How far self- 
indulgent people fall into one or several 
general and distinguishable types is not 
known. 

In a little while it may be possible to 
handle these issues with exacter definition 
and much more confidence. All those 
who have had experience of birth-control 
work in the slums seem to be convinced 
that there is a residuum, above the level 
of the definable “ defective,” which is too 


stupid or shiftless or both to profit by exist- 
ing birth-control methods. These “ unlcach- 
ablcs ” constitute pockets of evil germ-plasm 
responsible for a large amount of vice, 
disease, defect, and pauperism. But the 
problem of their elimination is a very subtle 
one, and there must be no suspicion of 
harshness or brutality in its solution. Many 
of these low types might be bribed or other- 
wise persuaded to accept voluntary steriliza- 
tion. 

But while there is no evidence of any alarm- 
ing uncontrollable degeneration of Homo 
sapiem^ there is still less indication of any 
modification to adapt him to his extra- 
ordinarily changed and changing circum- 
stances. That is the most perplexing aspect 
of human reproduction. Positive eugenics 
remains a dream, a note of interrogation. 
We have the rapid development -of novel 
political, social, and economic arrangements 
with which the ordinary man docs not keep 
pace. Science has vastly increased the 
destructive possibilities of war, and there 
is no sign yet of any effective restraint upon 
war possibilities. The inventions and 
organizations that have produced the peculiar 
opportunities and dangers of the modern 
world have been the work so far of a few 
hundred thousand exceptionally clever and 
enterprising people. 'The rest of mankind 
has just been carried along by them, and has 
remained practically what it was a thousand 
years ago. Upon an understanding and 
competent minority, which may not exceed 
a million or so in all the world, depends 
the whole progress and stability of the 
collective human enterprise at the present 
time. They are in perpetual conflict with 
hampering traditions and the obduracy of 
nature. They are themselves encumbered 
by the imperfection of their own trainings 
and the lack of organized solidarity. By 
wresting education more or less completely^ 
from its present function of transmitting 
tradition, they may be able to bring a few 
score or a few hundred millions into active 
co-operation with their efforts. Their task 
will still be a gigantic one. 

We are only able to guess at the amount 
of undeveloped capacity that goes to waste 
in each generation. There will certainly 
remain a considerable proportion of mankind, 
incapable it seems of being very much edu- 
cated, incapable of broad understandings and 
co-operative enterprise, incapable of conscious 
helpful participation in the adventure of 
the race, and yet as reproductive as any 
other clement in the world community. For 
a number of generations, at any rate, a 
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dead-weight of the dull, silly, under- 
developed, weak and aimless will have to 
be carried by the guiding wills and in- 
telligences of mankind. There seems to 
be no way of getting rid of them. The 
panics and preferences of these relatively 
uneducatable minds, their flat and foolish 
tastes, their perversities and compensatory 
loyalties, their ^ dull, gregarious resistances 
to comprehensive eflforts, their outbreaks 
of resentment at any too lucid revelation 
of their inferiority, will be a drag, and 
perhaps a very heavy drag, on the adaptation 
of institutions to modern needs and to the 
development of a common knowledge and 
a common conception of purpose throughout 
mankind. Obsolescent religious forms and 
plausible political catchwords will be used 
to rally and canalize their mental weaknesses. 
The brighter, more energetic types of 
stupidity and egotism will be constantly 
organizing and exploiting the impulses and 
uneasiness of this universally diffused multi- 
tude. For here we are not writing of any 
social class or stratum in particular. The 
inferior sort is found in greater or less abund- 
ance at every level. 

Possibly mankind will find that positive 
eugenics is unattainable and undesirable, 
and what we have said about the differences 
in minds in Chapter 7 (§ 14) of Book 8 
seems to promise the possibility of an up- 
ward extension of negative eugenics by the 
recognition of defmably inferior intelligences. 
If these can be detected and set aside so that, 
without humiliation or other cruelty, they 
can be debarred from breeding, then presently 
the mass of mankind will begin to follow 
its leaders up the scale of understanding. 

The struggle of intelligent and energetic 
minds throughout the world to clear out 
their oWn lumber and get together for the 
conscious control of the affairs of the 
strangely mingled multitude of our kind, 
to develop the still largely unrealized pos- 
sibilities of science and to organize a directive 
collective will, is the essential drama of 
human life. All other great human events, 
wars, epidemics, revolutions, strange fashions 
of living and the like, are by comparison 
either phantasmal or catastrophic or both. 

§6 

The Superfluous Energy of Man 

The same forces that have lifted Homo 
sapiens for a time from off the grindstone of 
natural selection and allowed all types to 
multiply, give him also a redundancy of 
leisure and energy far beyond that vouch- 
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safed to any other creature. In Book B 
we discussed the sportive play of animals’ 
which goes on when they escape for a time 
from the urgency of life. Modern man has 
developed sportive activities to a quite dis- 
tinctive degree. Here we cannot make more 
than an allusion to this development which 
manifests itself to Mr. Everyman on e\ery 
hand, in his newspaper, in his conversation 
in his participations. Essentially the racc- 
meeting or the dance is the highly organi/cd 
and regularized equivalent of those larc 
community games, the flying sports of 
rooks and the joy-rides of penguins we lia\ c 
already described. 

Another outlet for human energy finds its 
anticipation in the decorative efforts ol 
buzzards and wading birds described m 
that same section. Man’s excess of enei^^v 
over his material requirements finds .1 
vent in a multiplicity of imitative and creativ(' 
activities which we lump together as the Arts 
It is not for three modest writers about 
biology to venture into the cloudy and si 01 iiu 
realm of art-criticism and decide wliai is 
Art and what is not ; our interest here is 
strictly confined to the biological meanings 
and possibilities of the Arts. As we poiiiK d 
out in our Introduction, biological science 
itself was created and revived by colledors 
and artists, and' from our point of view tficn 
is hardly a dividing line between a man who 
vents himself in carving stone to reprcsi nt 
lovely forms, or in arranging beautiful 
sounds in beautiful patterns, and one w'ho 
uses his mind to experiment interestingly 
with living forms or to pursue thought into 
its remotest recesses. The impulse in all 
these instances is akin to sportive pin. 
It is the sportive play of the brain and hands, 
eyes and ears. It may discover itself to !»• 
immensely important, but to begin with it 
was no more than surplus energy seeking an 
outlet. 

And just as in that earlier section on tlir 
play of animals we found it almost im- 
possible to say where sportive play endtd 
and practical training and serviceable 
perimenting began, so here we have to 
recognize the stupendous and still increasing 
value of both sport and art in exploring tbt* 
possibilities of human effort, feeling and 
desire. It is difficult to believe that as the 
ever-increasing productivity of the social 
organization increases human leisure, tlie 
already vast developments of sport, art, 
creative lit^ature and scientific research 
will not condtfue to absorb a larger and larger 
proportion of the total output of human 
energy. 



the present phase of human ASSOCIA I !()>, 


§ 7 

The PL^^sibility of One Collective Human Mind 
and Will 

riu' progressive development of human 
invciiiions, the onset of power production 
and the present rapidly extending and unify- 
ing economic organization of mankind, are 
suhiccis that cannot be properly dealt with 
in a general review of Life ; they belong in 
part to general history and in part to descrip- 
tive economics. But here we may say a few 
wolds upon the subject of the development 
of that conscious unification of the human 
species which is now going on very rapidly. 
And again we face something quite un- 
paralleled elsewhere in the entire realm 
of biology. 

Other species of animal seem to have an 
individual conscious existence limited strictly 
to their individual experiences, but with the 
dawn of tradition the human mind began 
to extend itself in time and space beyond 
the individual range. The difference be- 
tween the human mind and the mind of a 
cliinijDanzce is infinitely greater than the 
ddlerence of the bodies or brains of the two ; 
it is as different as a bird is from a snake ; 
It moves in more dimensions. At present 
a human mind, fully developed by education 
and inquiry, reaches so far and so wide 
thnt individual experience is a mere point 
of departure for its tremendous ramifica- 
tions. What it has of its very own is 
altogether dwarfed by what it has in common 
with other individuals of the species. Just 
so far as a human mind is well informed and 
soundly instructed, so far is it able to under- 
stand, that is to say to identify itself with, 
other well-informed and soundly instructed 
minds. By means of books, pictures, 
niuseums and the like, the species builds 
tip the apparatus of a super-human memory. 
Imaginatively the individual now links 
bimself with and secures the use of this 
continually increasing and continually 
more systematic and accessible super- 
memory. The liuman mind neither begins 
nor ends therefore with the abruptness of 
<m animal mind. As it grows up, it takes 
to itself more or less completely the growing 
mental life of the race, adds a personal 
interpretation to it, gives it substance and 
application, and in due course fades out 
ns an individuality, while continuing in 
ns consequences as a contribution to the 
undying flood. From the point of view of 
die species, the consciousnesses of men are 
passing trains of thought and impulse. 

I hey arc now as much part of a larger life 
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^ sunlight on this 

sheet of paper and of the a \,nd 

outside are parts of the life of tlu- writer of 
Ips sentence. Ihey are material and en- 
richment. It IS not a metaphor, not an 
analogy ; it is a statement of fact that this 
larger comprehensive life is going on. 

In this work we have traced a long pro- 
cess of synthesis from the single cell to the 
multicellular organism and from the coclen- 


leratc to the coelomatc. We have seen the 
interdependence of individuals in space 
increase with the development of colonial 
and gregarious forms and of individuals in 
lime with the growing care and intimacy of 
parent for young. The higher Ibrrns of 
interdependence have involved great ex- 
tensions of mental correlation. We have 
shown how human social economy is based 
almost entirely upon the mental modifications 
of the individual and how little it owes to 
instinct. I'his mental modification is steadily 
in the direction of the subordination of 
egotism and the suppression of extremes of 
uncorrelated individual activity. An in- 
flation of the persona has gone on, so that 
the individual has become tribal, patriotic, 
loyal, or devotee. Homo sapiens accommo- 
dates this persona, by which he conducts 
his individual life, to wider and wider 
conceptions. 

The more intelligent and comprehensive 
man’s picture of the universe has become, 
the more intolerable has become his con- 
centration upon the individual life with 
its inevitable final rejection. No animal, 
it would .seem, realizes death. Man does. 
He knows that before his individuality lies 
the probability of senility and the certainty 
of death. He has found two alternative 
lines of accommodation. 

The first is a belief in personal immortality, 
in the unendingness of his conscious self. 
After this life, we are told, comes the resur- 
rection — and all necessary rejuvenescence. 
This idea is the essential consolation of 
several of the great religions of the world. 
We have already discussed its credibility. 

The second line of accommodation is the 
realization of his participation in a greater 
being with which he identifies himself. 
He escapes from his ego by this merger, and 
acquires an impersonal immortality in the 
association ; his identity dissolving into 
the greater identity. This is the essence of 
much religious mysticism, and it is remark- 
able how closely the biological analysis of 
individuality brings us to the mystics. The 
individual, according to this second line 
of thought, saves himself by losing himself. 
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But in the mystical teaching he loses himself 
in the Deity, and in the scientific interpreta- 
tion of life he forgets himself as Tom, Dick, 
or Harry, and discovers himself as Man. 
The Buddhist treatment of the same necessity 
is to teach that the individual life is a painful 
delusion from which men escape by the 
conquest of individual desire. Western 
Mystic and Eastern Sage find a strong effect 
of endorsement in modern science and in 
the everyday teaching of practical morality. 
Both teach that self must be subordinated ; 
that self is a method and not an end. 

We have already, if this account of mental 
processes is sound, the gradual appearance of 
what we may call synthetic super-minds in 
the species Homo sapiens^ into which individual 
consciousnesses tend to merge themselves. 
These super-individual organizations have 
taken the form of creeds, communities, 
cultures, churches, states, classes, and such- 
like accumulations of mentality. They have 
grown and interacted in the history of the 
species very like the complexes of an in- 
dividual human mind. They seem to have 
now under current conditions a ruling dis- 
position to coalesce. They seem to be head- 
ing towards an ultimate unification into a 
collective human organism, whose know- 
ledge and memory will be all science and 
all history, which will synthesize the pervad- 
ing will to live and reproduce into a collective 
purpose of continuation and growth. Upon 
that creative organization of thought and 
will the continuing succession of conscious 
individual lives, drawing upon and adding 
to its resources, will go on. At the end of 
our vista of the progressive mental develop- 
ment of mankind stands the promise of Man, 
consciously controlling his own destinies and 
the destinies of all life upon this planet. 

But note these words we are using, “ seem ” 
and “ promise.” This is no assured destiny 
for our kind. The great imperfect con- 
flicting collectivities of to-day, swiftly as 
they have developed and wonderful as 
they are in comparison with all other animal 
life, may never become a unity. Man may 
prove unable to rid himself of the over- 
development of war ; he may be hindered 
too long by the dull, the egoistic and the 
unimaginative, by the stupid, timid, and 
tradition-swayed majority, ever to achieve 
an effective unity. The dead weight of 
inferior population may overpower the 
constructive few. Or the incalculable run 
of climatic changes may turn harshly against 
him. Strange epidemics may arise too 
swift and deadly for his still very imperfect 
medical science to save him from extirpation. 
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There is no certain assurance that 
and mice, dogs gone wild again, pJouW 
cats, flies, and a multitudinous veriniu m ^ 
not presently bolt, hide, and swarm .midl 
the decaying ruins of his cities. Shoals 
of fish may dart in the shadowy crinustd 
wreckage of his last lost ships. We h.uc no 
assurance that so Homo sapiens may noi (-nd 
But such an end is hard to believe possiblt^. 

§ 8 

Life Under Control 

On the whole we believe that our spr^irs 
will survive and triumph over its pnscin 
perplexities. There is much in life ihat 
may make intelligent men impatient, Init 
it is not reasonable to let impatience degiuiei- 
ate into pessimism. Vulgar fashions, false' 
interpretations and decaying traditions make 
a vast show and noise in the world ; the 
crowd is always about us ; but we forget 
that these things are divergent and incon- 
secutive and accumulate no force, while 
scientific work and lucid thought are pn- 
sistent and cumulative. I’hey remain and 
reappear when the shouting dies awa\. 
The progressive development of the scientihc 
mind may survive all the blundering wars, 
social disorganization, misconceptions and 
suppressions that still seem to lie l)t'roi( 
mankind. Until in due course the hen 
comes to full strength and takes possession. 
But he will survive only on one condition, 
and that is that he must take control noi 
only of his own destinies but of the wliolc 
of life. 

By that time the body of modern scic no 
will be enormously greater and more closclv 
knit than it is to-day, and at the most a\c 
can only point out the drift of construe ii\c 
thought and power as it manifests itsell ai 
present. We are almost driven to believe, 
from a brief contemplation of the advances 
made in the past third of a century, that 
scores of unsuspected fundamental n<'w 
possibilities and hundreds of short-cuts to 
now almost inaccessible ends are bound to 
present themselves as the work goes on. 
The immense possibilities of mechanual 
reconstruction that open out to man 
outside the scope of such a work as this, 
except in so far as they involve changes in 
environmental conditions. Such well-ni- 
formed and ingenious writers as Mr. J. b- 
Hodgson [The Time Journey of Dr. Baiion). 
or many of the little volumes in the To-dn}' 
and To-morrVW series, will supply the reader 
with plentiful food for his imagination in 
these matters. 
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ji^ is fairly plain that the acceleration 
of transport and communication is still 
in pio^^ress and shows no certain limits. 

facilities for every form of mental 
exchange and intei^action increase. The 
thrusts that tend to interlock the economic 
life of the species into one system, and 
which strain the traditional political net- 
v^ork 10 the breaking-point, increase. Tradi- 
tionalism and its inseparable attendant, 
war, icinain huge and dangerous powers in 
lumian alTairs ; they must be denounced, 
w rit te n about and fought and defeated, 
and they will claim their toll of martyrs, 
but so soon as they have been thrust out 
of action, if ever they are thrust out of 
action, men will find it difficult to realize 
how great and terrible they were. They 
may wax old and shrivel away. The plans 
for the exploitation of the earth may be 
rch'ased almost insensibly from the entangle- 
ijK'Tit of frontiers. The deserts of the world 
nia\ be irrigated and its changes of weather 
arul season foretold. It may become a 
planetary firm and garden, a playing field, 
a hshpond, paddock, workshop and mine. 
It IS possible that there will be a con- 
sideiable shrinkage then of the areas devoted 
to iood-production. Not that there will 
lie any diminution of the food-supply ; 
lint there is no reason to suppose we have 
y(‘t reached anything like the full possibility 
()1 yield per acre. Our chapters on Ecology 
supply the fullest justification for a forecast 
ol an intensive cultivation demanding only 
a fraction of the space and toil now given 
to food-production. 

C lonrurrently with this shrinkage of the 
lood-growing areas there may be a coiisider- 
ahlc fall in world population. At present 
the full extent of the decline of the birth- 
rate of most civilized countries is masked 


hy the prolongation of the average life due 
to better hygienic conditions. If there is a 
liniit to the latter process, and at present 
there seems to be one, then a real fall in 
total population will presently become 
apparent. This may go on for some time, 
and it may involve the elimination of types 
tunvilling to bear and rear children. To 
have a world encumbered for a time with 
an excess of sterile jazz-dancers and joy- 
1 triers may be a pleasanter way to elimination 
<han hardship and death. Pleasure may 
achieve what force and sword have failed 
^o do. The world can afford it ; it is not 
‘t thing to fret about. It is only a passing 
fashion on a grand scale, this phase of 
‘'lerilized “ enjoyment.** The great thing is 
that it should be able and willing to sterilize 


iteelf We may expect an increase in (he 
gravity and sense of rcsponsihili.v of t e 
average sort of people even in tlie c.nn'e 
of a few generations because of il,is elimina- 
tion. The types that have a care lor tlieir 
posterity and the outlook of the race will 

the future 

But these are only the opening sentences 
“ “y, '■liaptcr of human biology. 

Itie lall and recovery of populations, the 
politico-economic unification of human 
affairs, may present phases of intense stress 
and tragedy, periods of lassitude and ap- 
parent retrogression, distressful enough for 
the generations that may endure them, but 
not suflicicnt to prevent the ultimate dis- 
appearance of misleading tradition and the 
dominance of a collective control of human 
destinies. And by that lime biological 
science will be equipped with a mass of 
proved and applicable knowledge beyond 
anything we can now imagine. 

At present eugenics is merely the word for 
what still remains an impracticable idea. 
But it is clear that what man can do with 


wheat and maize, may be done with every 
living species in the world — including his 
own. It is not ultimately necessary that 
a multitude of dull and timid people should 
be born in order that a few bright and active 
people should be born. That is how things 
have to be to-day, but it is an unnecessary 
state of affairs. Because at present our 
knowledge of genetics is too limited to do 
more than define certain sorts of union as 
“ undesirable ” and others as “ propitious,*’ 
it does not follow that we shall always be as 
helpless. I'herc may come a time when the 
species will have a definite reproductive 
policy, and will be working directly for the 
emergence and selection of certain recessives 
and the elimination of this or that dominant. 
In our treatment of genetics we have given 
a few first-fruits of the science, which suggest 
what forms the practical eugenic work of the 
future is likely to take. C3nce the eugenic 
phase is reached, humanity may increase 
very rapidly in skill, mental power and 
general vigour. 

And it is not only human life that human 
knowledge may mould. The clumsy ex- 
pedients of the old-time animal and plant 
breeder will be replaced by more assured 
and swifter and more effective methods. Of 
every species of plant and animal man may 
judge, whether it is to be fostered, improved 
or eliminated. No species is likely to remain 
unmodified. Man’s protective interference 
goes far to-day, and it may extend at last to 
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j^ly every life-community. Perhaps no 
man has yet imagined what a forest may 
scrnie day oe, a forest of great trees wi^out 
di^ase, free of stinging insect or vindictivq^ 
rutile, open, vari^ and delightful. The 
w^erness will become a world-garden and 
the ,<j|esert a lonely resort for contemplation 
and mental refreshment. An enormous 
range of possibility in the selective breeding 
•of plants and animals still remains to be 
explored. *Onc may doubt the need to 
exterminate even the wolf and tiger. The 
tiger may cease to be the enemy of man and 
his cattle ; the wolf, bred and subdued, may 
crouch at his feet. 

Consider what man has learnt to do with 
plants — quite apart from mere selective 
breeding, the picking and approving of 
Nature’s creative experiments. Muse for a 
moment on the idea of a graft. A bit of 
one kind of plant is joined, welded, one flesh 
with another. A thoroughly unnatural thing 
which never happened before the human 
cultivator appeared is brought into existence. 
Or think of the astonishing graft-hybrids ; 
the living skin of a lemon tree enclosing the 
middle of an orange tree, growing together, 
one flesh. 

It is perfectly possible that man will do 
these things with animal bodies in the near 
future. Already he is learning to handle the 
difficult, delicate material. The tissue culti- 
vator takes bits of muscle or nerve or kidney 
and grows them for years in his incubators, 

• quite isolated from the rest of the body. 
The plastic surgeon cuft a splint from the 
tibia and welds it into a broken lower jaw, 
or takes skin from the buttocks to mould 
an eyelid. Soon we shall be doing much 
more tremendous surgeries. It may even 
prove possible to operate directly on the 
germ-plasm, for the geneticist can already 
produce mutations by means of X-rays. 
Man has conquered the hardness of steel ; 
he cuts and twists it and builds with it 
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i^'pter ; 
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^ but hard fact that 


brought us to point. Arising out of the 
thought and effort of to-day, it is plain that 
human achievement marches on to fresh 
powers and fresh vistas— until our utmost 
imagination is strained and exhausted. 
We are dazzled by the conquests we deduce • 
we laugh ; our minds gasp like newborn 
children when they first meet the free air. 

And will the personal life in these corning 
ages of man’s complete ascendancy be as 
happy and exciting as it can be to-day ? 
In that great age the subordin|tion of self 
will certainly play a part. But the sul)or- 
dination of self is not by any means the same 
as self-sacrifice. The individual life may be 
infinitely richer as a part than as a whole ; 
the whole sustains and inspires its members ; 
experiences we cannot dream of may lie 
before our descendants. Great and wonder- 
ful and continually expanding experiences lie 
before life, intensities of feeling and happiness 
we shall never share, and marvels that we 
shall never see. Yet we need not envy that 
ampler life. With a necessary but quite 
practicable effort of self-control and self- 
subordination it has been possible for many 
of us, in our own time, within our phase and 
in our measure, to live intensely interested 
and happy individual lives. Even to rliose 
to whom the scheme of things has turned 
an adverse face, courage can give its own 
high and stern satisfactions. For the stoicism 
of the scientific worker at any rate, there can 
be no complete defeat. And these mightier 
experiences and joys of the race to conic 
will be in a sense ours, they will be conse- 
quence and fulfilment of our own joys and 
experiences, and a part, as we are a part, ol 
the conscious growth of life, for which no man 
can certainly foretell either a limit or an end. 
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Cilia, 42,92, 1 1 7, 1 31, 172,671 
Cilia tes, 271, 402 , 567 
Cuuirimon, 46*) 

Cin Illation of the blood, 26, 37; 
evolution of, 405 

— — elements m iialure, iHp 579 
581 : of carbon, 578 ; of nitro- 
gen, i8p 579 ; ol phosphorus, 
617 

Ciiiothauma, 515 
Civet, 1 1 1 
Clacton, 492 

Claiivovant.e. table-tapping, and 
telekinesis, 842 &4f, 

Clam. 526 , 595 

Classification ol living things, 10- 
1 1 , lof,- 106, 230 
Claus! hal, 552 
Claxellma, 331, 332, 332 
Clifl-swallow, 530 
Climate, cli.inges in, 396-400, 443- 
44(), 46(>-47o, 486 492 
Cliinatm.s, 423 
Cliona, 32(j 
( lloat .1, ()3 

Clothing and health, 649 ; evolu- 
tion of, 650 

Club-foot, tanse of, 298 
Club-moss. 16'',, 431, 4313, 436, 437, 
442. 420 , 432 
Clylia lar\ a, 513 

Coal, (amiel, 437; Brown, 437; 
Carboniferous, 437 ; Devonian, 
437; JvK ene, 437 ; household, 
437 , Juiassic, 437 ; rale of 
use of, 437 

Coal-measures, 43G ; life in, 442 “ 

441 

Cobilis barbatula, 536 
Cobra, 114 

Coccolithophoridte, 3 10 
Coetyx, 94 
Cochineal inset t, 6 1 1 
Cocklebur, 587 
Cockroach, 127 , 565 
Coconut moth, 610 61 1 

— palm, 610 

Coeicnterates, 149, 404, 405, 415, 

674, 149 , 161 , 611 

Coelom, evolution of, 406 
Coenolestes, 237 
CIpffee, 644 
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Cold, common, 650 ; susceptibility 
to, 650 

Cold storage, preservation of food 
in, 635 

Collembola, 584, 595 
Collozoum, 403 
Colobopsis, 700 

Coloration, concealing, 569 ; 

ruptive, 571 ; warning, 572 
Colour and pattern in lile. 568 577 

— changes of, in animals, 570, 871 ; 
in chameleon, 871 ; in < uttle- 
fish, 133 ; -in frog, 871 ; in 
octopus, 871 

— ol desert animals, how e\olved, 
506 

— of niatine animals, 520 
Golumba hvia, 229 
(^omt>)ellics, 695 
Comephorus, 539 

“ Comet starfish,” 145 
Comfrey, 230 

Complex, in psychology, 80B, 810 
Conditioned reflex, 770-773 ; in- 
hibition of, 775" 7H0 
Conduct, modern ideas of, 827-B38 
Condylarlhs, 472, 473. 471 
Coney, 236, 235 
Congenital idiocy, B15 
-- physical defects, 622 
(Jongcr, 439 

Congo, 535 ; rain-forest, 51)1 
Conilers, 1O2, 4(12, 590, 420 , 432 
Connective tissue, 32 
Consciousness, 9, 780 762 ; passix e 
or active, 7^)1 ; langc ol, 781 - 
782 

Constipation, 83G ; and tea-di ink- 
ing, f)44 

Consumption, 857 

Conlint'iits, manlirnc oullna's of, 

398 

Convergence in evolution, 450 
Convoluta rest ofl'erisis, 5G0, 381 
Copepods, 316, 520, 5B3 
Copra, 810 

Copromonas, stages in sexual pro- 
cess of, 272 

Coral, 151, 26B, 527, 32B, 359, 511 ; 
rc<-fs and islands, life on, 52B 

Coidaitcs, ,^34, 442, 443, 44_j, 420 
Cilordiceps, 538 
Goregonus,‘373, 33B 
Gorizus, 341 
Cork-oak, 590 
Cornwall, 491 
Corpus luieum, 97, 98 
Corpuscle, human red blood, vi 
33 , 508 ; of frog, 568 
C-iOi relation. See Nervous system 
and Internal secretion 
Cortex, at work, 779 sqq, ; expan- 
sion ol, 764 sqg. 

Corycella, 402 
Corypfiodoii, 473, 471 
Cor>^stes, 526, 526 
Corythosaurus, 458 
Coscinodiscus, 595 
Cotton-spinner, 1 38 
Coitus gobio, 538 
Cotylosaurs, 448, 449 
Courtship in animals, 735-742 ; in 
newts, 730 

Cousins, marriage of, 306, 306 


Cow, ^lantity of milk given by a, 
814 

Cowpox, 631 
Cowper’s glands, 91 
Cow-wheat, 557 
Coyote, 231 • 

Crab, 124, 421, 525, 678 ; hermit, 
124, 327, 522, 559, 124 , 526 ; 
larva: of, 595 ; nervous system 
of, 678 

Crandon, Mrs. (“ Margery ”), 
medium, 848, 849, 850, 851, 
849 , 850 
(Jrataegus, 279 
Creodonts, .^73, 474, 471 
(V»‘sted Dinosaur, 458 
Cretaceous period, 196, 421, 422, 
439, 448, 453, 454, 456, 457, 
459, 482, 464, 485, 487, 469, 
470, 472, 475, 517, 198 , 420 , 
462 , 458 
C In rmisin, loci 
Crinoid, 420 

Crocodile, 597, 449 , 452 , 533 ; 

West African, 564 
Cro-Magnon type of man, 859 
Oookes, Sir William, 843, 846 
Crossbill, 801 

Crows, carrion, hooded, and hybrid, 

234 

Crozet Island, 530 
Crustaceans, 124, 420 , 515 , 518 , 
523 , 564 

Cryptic colours, 569 
Cryptodilllugia, 402 
Cryptogams, 182 
Ctenophores, 151- 152, 512 
(Juba, J04 
(die koo, 574 
Cucuinaria, 136 
Culex, (128 

Cultivation ol the soil, origin of, 
887, S(e Agriculture 
Ciurie, Madame, 255 
Cusrus, 237 

Culth-fish, 1 1 2, 132, 409, 419, 319, 
133 , 420 ; c*ye of^he,‘ 669 ; 
smoke-screen of the, 133-134, 
521 

Cuvier, Gecjrges, Baron ( 1 7619- 
1832), 197, 218, 233, 473 ' 

Cyan us, 564 
adcoids, 420 
Cycacls, 433, 445. 420 
Cyclops, 124, 139, 150 
Cyclostomcs, 118, 422, 424 
Cyclothone niicrodcm, 514 
(Nm^gathus, 213 
C Cypress tree, 469 
Cystewoma, 522, 523 
Cytisus adami, 279, 279 
— laburnum, 279 
-- purpureus, 279, 279 
Cytoplasm, 29 


Dalempatius, his diagram of human 
sperm, 324 
Dalmatia, 590 
lynais plfiuppus, 573 
Daphnia, 351 

Darwin, Charles, 202, 240, 242, 
2 ^ 3 , 3 « 7 » 364. 3651 374 » 3S1, 
393 i 464^ 5W, 608 


u 

Darning, 

Vindication of, o(p ’ 263 
Davey, S. J., 845 
Dawn-Man, 251 

“Dead man’s fingeis ' 

Dead Sea, 553 

Dcaf-mutism, 3or, • 1 , 

306 ^ 

Death, causes of, 8fi ; , , . 

852-853 ; nati,„ ,',1 'ij f'''''"''. 

DcaArate, in an.,„,;s', 1 , 

Death Valley, 541 

Decay as a I.v,„k . 

iwSS, 

Deep sea, life in till g ... 
Deer, 1 . 0 , 471 ; nd, f-"' 

Deer-mouse, Am, ,,,, 

Honda, 374 ’ 

Dcilemera, 574, jj- 
Dementia pra;ccjx, 817 * 
Dendi'obates line ion us 
Dcndrocystis, 417 ' ' 

Dendrosoma, 403 
Denmark, 233 
Descartes, Rene pp,,, 

,763 

Desert, belts, r,,,,, , 

animals ol, 508 , lijc -pn 
544 ; nature of tin nnK 
428 

De.smids, 1 73, 402 
Development cjf 

3 H. 325 ; abnoriiul ,316 

life coimriLiniiK y, r,}i| -[Vj 

Development, nonn.ii uud mtn,. 
strous, 314-311). 315 , 316 , 321 , 
of life-c ommuniiKs, 78 j 
of the indivitlu.il, 

Devonian old led saiidsioiH, p-, 

— period, 198, ,|i7, 4jp 131,, iiu, 

198 , 420 

“ Devonshire colic (ipi 
Diabetes, cause ol, (13 j 
Diaphragm, 27, 41 
Diathesis, 622 

Diatoms, 173, 510, 713, 731), 7^8, 
554, 402 , 515 
Dicynodont, .jjB 
Diet. See Food 
Digestion, 47-58 , in aino ba, ififi 
in lob.ster, 122 , oiyaiis ol, 51 , 
slackness of, 63I), ()37 , with ttif 
aid of bacteria, 50] 

Digestive system, [7 3B. 51 : 

absent in tapivvorm, 14- ■ 
cancer of, 65b, 657 . evolution 
of, 405, 406 ; 111 iJalworni'', 140 , 
in herbivores and carnivores, 

505 ; in lob.ster, 122 
Dimorphodon, 456 
Dinichthys, 425, 423 
Dinictis, 384 
Dinoceras, 

Dmoflagcllates, 510, ii f . 
Dinosaurs, 114, 14^^' ' : 

468 , 472 , 449 , 458 , 460,466 , 

DipUeria, 623, (-'b ‘ 

623 

Diplocaulus, 442 
Diplodocus, 4^®’ 

Dipodomys spcctabib^. 543 

Dipper, 368, 359 
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Jjiproir>^l' 
J)is(hKli I 

I)isfas(-( 

s('( ts. * 
])ls(MM . ' 

and 
naiii!' 
(.',8 <■ 
DiMiihidi 
Distoin^K 

])i^t<)tlioi 

Distiibiiti 

lot ( 


'..241,241 

. ’* expedition, 547 
, , icrs, human, 624 ; in- 
630 ; rats, 628 
jMth mic, 653 ; infectious 
(ontagious, 621-633; 
, .1,62 1 ; the 6ght against, 


>n. 779 

niacrostomum, 572 

■^36, 356 , 357 
ii V.f animals, as evidence 

tition, 236-246 

^ ol hum III races, 238-239, 863- 
8 il1 

Daipin^ nu.rosus, 784 

DodiiniU''. 

,11, 228-229, 229 , 230 , 
237 , 241 , 564 , 565 ; brain of, 
772 , (liHcrent species of, 231- 
, livpnoiism in, 783 ; in- 
idlig<*nt(' of, 744 ; mind of, 
778' 777) ' ‘iPuscs of, 780 ; tem- 
perament in, 785-786 
Donlish, 106-107, iiG, 254, 726, 
107 , 223 

[)(.«, net hank, 527, 551 
iJonwood. '',8b 
Ddlioliiin, 144 

Dolpliin, in, 474, 514, 217 , 471 
[loininarue in heredity, 294 
Duisal lifi, in eAbryo, 317 

Sii Arthur Conan, 844 
)nt(.u, 4^,4 

trannii tly, 128, G70 
Jiatmiiel, 736 

)r(ains, piupjhetic, 8.40-842 ; psy- 
(holuny ol, 809-812 
hcpaiiaspis, 423 
huer ail Is. 706 

3 ios()[)hila, 285, 291, 300, 301, 
847 ^ Td, 371, 302 , 303 , 351 , 
396 

)iuns and the mind, 824-826 ; 
tlini us(s and dangers, 642-645 
l.uid, as a habitat for life, 502- 
V'h VVJ 5 4^^ ; invasion of by 
animals, ,137-44.: ; invasion of 
bv plants, 426-434 
^ryupithetus, 252, 483 
duckbill, i(„|, 236, 449 
bickbillfd i^tnosaur, 467, 449, 458 
Inckliiin, an abnormally developed, 
316 

kukweed, 534 

•ntthss glands. See Internal 
seru turn 
bi^oiig, 103 ^ 474 
bmnyness. 194 
I W.', 840 

*nsi, and hay fever, 647 ; and 
646 ; defences against, 

I'vaH-pl.mkton, 539. 595 
y'uit,Ty, and amoAa, 557 ; and 


f dl.ites, 


172 


'yhM us beetle, 538 


8q, 747 

"■nnlutionof.JIS; workii 
7'’ . B2. Hearing 


Early Cambrian period, 41^ 

— Cenozoic period, 490, 743 

— Devonian period, 439 

— Eocene period, 483 
Earthworm, 137, 583, .^84, 566 
Earwig, 610 

East Africa, 233 

— Indies, 547 
Echidna, 213, 235 
Echinoderrns, 134- 13 7, 136 , 420 ; 

behaviour ol', 676-682 ; classes 
J evolution of, 
416-418, 417 , 420 
Echinosphiera, 417 
Echinus, 136 

Ecology, 14, 578 -()o 6 ; economics 
and, 578 

Ectoplasm, 845-851, 846 , 849 
Edentates, 111, 471 
Edrioaster, 417, 417 
Education, 111 animals, 747 749 
in man, 773-774 
5,36, 537 ; clef trie, 424, 672, 
762 

Eel-grass, 538 

Egg, evolution of 1110,446 ; human, 
93 ; of grass-lrog, 566 . See 
Ovum 
Egret, 750 

Egypt, 5 . 54 f^^ 54 ^ 59»> .599> 

610 

Ehrlich, Paul, 633 

Elan vital, the, 2(13, 265, 384-38's 

Eland, 235 ^ v 1 o ,1 

Elaphis, 667 

Elbe, 534, 535, 554 

Electric eel, 424, (>72, 762 

— ray, 672 

Elephant, 23(), 475. 471 ; AIncan, 
5G6, 564 ; evolution of the, 
21 1-2 1 2. 

Elcphas. See Elephant' 

Elginia, 448 
Elm, 587 
Elodea, 33B 

Embryo, evidence of evolution 
from the, 222 227 ; loirnation 
of’ 93--9'l> 3>d ’ human, 93- 
96, 247, 249-250, 254, 94 , 95 , 
96 , 103 , 107 , 245 , 251 ; of 
chick, 722, 107 , 722 ; of chim- 
panzee, 95, 251 ; ol dogfish, 
1 06 -1 08, 107 ; of gibbon, 251 ; 
of gorilla, 95, 261 ; of lancelet, 
720 ; of lizard, 107 , 223 , 
of newt, 223 ; of labbit, 107 , 
223 ; organizers in, 316-317 ; 
symmetry of, 314 
Embryonic membranes, 96, 475 
Emotion and urge, 793 -794 
Empedocles, 263 
Emperor penguin, 547 
Empid, 73G 

Encephalitis lethargica, 625, 631 
Endocrine cells, 102 
Endocriries. See Internal secretion 
England, 487, 48O, 491 
English Channel, 488, 491 
Entelodon, 474, 471 
Environment, 6 8 ; heredity and, 
287, 288, 299, 353, 823; re- 
sponse to, 71-72, 663. See 

Habitat 

Enzymes, in digestion, 50 
Eoanthropus, 251, 492 


E 

Eobasilcus, 

Eocene ])<-uod\ 196, 4-0. 470 

473 , 174 , 7 n, 198 , 208 , 471 ’ 

Lohippus, 007, .^,09, 203 , 204 , 208 
Eoliths, 4()'., 

Epidemic diseasi's, G93 
Epidermis, 5(j 
I'vpulidyinis, 91, 91 
Epiluppus, '.,07, 208 
Epiphvtes, 340 
Epithelium, pavement, 2(j 
Equus. See Horse 
Ergosterol, 639, (>45, 

Ermine, 548 
Eryoncieus, 518 
Eryops, 449 
Eskimo, 5p), (,33, 74,^ 

Esseejuibo, the, 

I'.ugenics, 874-873, 879 
Euglcna, 172, i 73, 568 
Euiiotosaurus, 213 
Impagurus bcrnhardi, 539 
I'aiphorbias, 541 
Euphrasia, 557 
Euryeorpha. 574 
Eurypierids, 415, 564 
Eustachian tube, 95, 77 
Evadne, 595 
Evaporation, 581 

Evasion, indolence, and fear, 8^7- 
838 

Evening Primrose, 332, 353, 373, 

463 

Everest cxpetlition of 1924, 6, 7 
Evolution, 191-258 (evidence for) 

— 261-387 (mechanism of) 

~ 39 >“405 (story of) 

— and gcographual isolation, 373- 

375 

--by Natural Selection, 263, 364- 

373 , 

— f hiel theories of, 261 2G5 

— continuity of, 210-21 1, 352-353 

— convergent, 430 451 

— cosmu, 257, 391-393 

— crossing and, 375-377 

— Darwinian theory oJ, 263, 364- 

373 

— diagrams of, showing history of 
mam groups, 411 , 426 , 449 , 471 
ev'idciice Iroiu anatomy, 2i() 
222 

— eviclence from geographical dis- 
tribution, 236 -244 

— evidence Irorn the variability ol' 
living things, 228-236 

— evidi-riee from useless structures, 
220 222 

— evidence of the embryo, 222 227 

— evidence ol the rocks, 194-2 15 

— evidence summarized, 244-246 

— in action, 289 

— Lamarckian theory of, 262-263, 
353 3C0 

— mystical theories of, 265, 380- 

3O7 

— of adaptations, 505-507 

— orthogenetic, 264-265, 380 

— parallel, 211, 450, 515 
-- progre.ss in, 477-480 

— purpose in, 385 -387 

— random nature of, 38G-387 

— slowness of, 2 1 0-2 1 1 , 371 

— spurts in, 352-353 

— straight line, 264, 380, 384 
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Evolution, tangled nature of, 475" 
477. See also the names of tlie 
various groups 
Ewart, Cossor, 310 
Exaltation, psychology of, 804-805 
Excretion, 22, 43"47 i organs ol, 45 
Excretory system, 45 
Exercise. See Physical exercise 
Exophthalmic goitre, loi 
Extinction of species, 377 
Extroversion, 823 

Eye, 666, 667, 668, 669 ; defects of 
in man, 79-80 ; development 
of, in embryo, 723 ; evolution 
of, 665-670, 767 ; in deep-sea 
animals, 522-523, 523 ; in- 
heritance of colour in man, 
208 ; of cuttle-fish, 669, 669 ; 
of fishes, 727 ; of insects, 670 ; 
of scallop, 13 1 ; third, in 
primitive vertebrates, 725 ; 
working of, 79 80. See Sight 

F 

Fabre Jean Henri (1823-1915), 
696, 736 
Faeces, 57-58 
Falkland Islands, 550 
Faroe Islands, 551 
F’asciola, 142 
— hepatica, 140 
Fats, 48 ; storage ol'in body, 53 
Faults, geological, 200 
Feathers, 1 12, 212 ; evolution ol, 455 
Feather-star, 136, 224, 225 
Femur, 25, 106 
Fermentation, yeasts and, 1 76 
Fern-plant, 167, 164 
Ferns, 162-166, ^34, 435, 436, 163, 
164, 432 ; evolution of, 420 ; 
reproduction of, 1(13 -164 ; 
sperm, 164 
Ferreriro, the, 730 
Fertilization, of the egg, 93, 285, 
314, 285 ; by artilifial means, 
275 ; cross and self-fertilizatioii, 

160 ; dispensed with, 274-275 ; 
in plants, 158-160, 166 
-- of the soil, 174, 614, 615, ()it) 
Fetishism, 809 
Fiddler-crab, 736, 329 
Field ant, 703 
Field-mouse, Got 
l;jg, 4<>9 
Figwort, 222 
Fiji, 610, 61 1, 871 
Filamentous bacteria, 182 
Filaria inedinensis, 139 
Filter- passing organisms, 185-186, 
396, 568 

Fire-salamander, 572 
Fisli, 106-108, 115-116, 564; 

anatomy of, contrasted with 
man, 106, 107 ; bony and 

gristly, 116 ; colour changes in 
deep sea, 570-576, 518, 521 ; 
earliest, 422-425 ; electric 
shocks given by, 672 ; evolu- 
tion of, 420 ; eyes of, 727 ; 
flat, 226 ; fresh-water, 535-537; 
mind of, 726-728 ; senses of 
smell and taste in, 725, 726 ; 
swimming bladder of {See Gas- 
bladder) 

886 


; gamete of, 273 


Flagellates, 171, 173, 371, 510, 

173, 402, 403, 515, 568, 595 

Flamingo, 571 

Flatworms, 140- 142, 140, 406 ; 
gamete of, 273 ; regenerating, 

273 

Flea, 562, 5 ^ 3 y 596, 219, 566, 567 
Flicker, 233, 376 

Flight, evolution of, 453-457 ; in 
archaeopteryx, 212 ; in birds, 

1 12, 454-455 ; in insects, 127, 
454 ; in pterodactyls, 455 
Florida, 436 
Flounder, 536 

Flour, value of white, 636, 639 
Flournoy, Professor, 805 
Flowers, 158, 564 ; and bees, 715- 
719 ; evolution ol', 433, 462, 
432 ; inheritance of colour in, 
292 ; inserts and, 159, 461- 
465 ; T. II. Huxley on, 218 ; 
variation in, 230 ; wind-pollin- 
ated, 160 

Flukes, 140, 572, 141 
Fly iis disseminator of bacteria, the, 
640 

Flying-fisli, 116 
Flymg-lox, 471 
Flymg-reptilo, .^ 55 45O, 449 
Fogs, cause of 646 
Food, amount needed by man, 48, 
634 ; and cancer, (>56 , arti- 
flcial, 635 ; chemistry of, 47 
49 ; choice of, 63,) b3() ; excess 
of, <>34 ; of diflereiu animals, 
50^ -507, 505 ; ol plants, 154 ; 
poisoning by, (>39 642 ; pre- 
servation ol, 635 ; uses of', in 
body, 21 23, 4()-.i7, 634. See 
Digestion artrJ Vitamins 
Food-chains and parasite-chains, 
593-597 

I'oramimfera, 171, 269, 402, 595 
Fore-arm, structural plan of, 2if)- 

m?. 217 

Fore-brain, 722, 723, 722, 729 
Forel, 695 

Fore-limbs, sirm tural plan of, 217 

218 

Forest, tropical, 54^-547 
Formua fusea, 704 

— pratensis, 703 

— rufa, 707 

— rutibarbis, 703 

— sanguinea, 704 

Fossil recoid, rohercnce of, 202 ; 
diagram ol, 420 ; gaps in, 197- 
201 ; sample sections of, 202 - 
212. See Evolution anc/ Geo- 
logical time 

Fossils, age of, 201- 202, 255-258 ; 
evidenee of, for evolution, 194 
215 ; formation of, 200 201 
Four o’clock, 292, 294, 296, 293, 
306 ; Mendelian explanation of 
breeding behaviour of, 293 
I’ox, ^Vrciic, 229, 601 ; common, 

743 : ci'oss, 230 ; Fcnnec, 

231 ; red, 230, 601 ; silver, 

230 

France, 200, 469, 494 
Frederick III (1415-93), Empei^'d*, 

299 

Fresh water, life in, 53I -534, 532, 

533 


Freud, Prof. 

812, 813, 814, 

Frog U5 38, 

565; brain of th( . 724 ’ T- 
tion of, 331 44Q ’ 

273 ; hand of, 249 
eggs of, 326 t\ 

^ 115,321,323 

Fruit-fly. See Drosuplul, 
FulgoridcC, 575 
Funchal, 520 
Functional dilferentiatuui 
Fungus, 175, 556, 53}{, 

sitic and benefidal. , -r.,, 
Fur. See Hair ’ 

Fur seals, extermination oi, i,,- 


Ipolf's of, 


;ii') 


Galapagos Islands, 24 ■ .-74 .. 

597 ’ ’ ' 

Galilee, 41)3 
Gall-bladder, 55 
Gall, Franz Joseph, vti', , and ,,„i- 
trolling stations ol tin ia( nln,, 
766 

Galton, Sir Framis i(,ii 

825 

Galveston, 233 

Gametes, 99, 272-27^, , U inalf , (,i 
how formed, 283 281 . mail 
91, 93 ; <-’1 vargais animals, 273 
(iammarids, 241 
(ianmiarus, 552 
- chevreuxi, 324, 325 
Ganges, River, O25 
Garnett wheal, (>15 
Gas gangrene, 623 
Gas-bladder offish, 8, 51.], -pO, 1)71 
Gastric juice, 53 
Gastropods, 131, 419, 521 
Gastrostomus, 518 
Gavial, 113 
(iefko, 1 14 

Ciemmule, formation of a, 270 
General paralysis of the insaiu , di 
Genes, 290-30.1, 323 32b, 41'i 

325; dominant and rcffssiM'. 
294, 297 ; . in man, 297 40(1. . 
343 ; multiple, 293 300 
Genetics, 266, 287-313 
Genus, 105, 230-236 
Geographical distribution, and (M'- 
lution, 236 -244 

— isolation, and origin of spccuv 
373,377. 

Geological time, diagrams ol, 198 
392, 420; how determuKd 
^55 ^57 i magnitude of, 277 
258 ; main divisions ol, ipt' 

1 99. See Fossil record and K ( a k'' 
(ieotropisin, 680 
Gerbil, 605, 608 
Germ-cclls. See Gametes 
Germ-plasm, 280-281 ; and van.c 
355 

Giant pig, 471 

— Rush, 443 
Giants, 101 

Gibbon, embryo of, 251 
Gigantactis, 521 
Gigantura, 523 

Gill-clefts, 107, 224 ; of hunian 
embryo, 95 ; of fishes, 95 
Ginkgo, 225, 420 



236 , 471,864 

(jlaciei'' 

ling, 330 

: ' .owpcr’s, 91 ; ductless, 

^' ,00 ici, 67 ; of common toad, 
,,71' parathyroid, 102 ; pineal, 
,08 pituitary, 97, 102, 108, 
724 post-pituitary, 101, 102, 
101 [uc-pituitary, 100 ; sali- 
^ar^; 770, 111 , 772 ; thyroid, 
too, 102, 1 08, 507 
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Guano, 581, 616, 617 
Guiana, 546 
Guinardia, 595 
Guinea-pig, 236 
Guinea-worm, 139, 555 
Gulf Stream, 488, 510, 549 
Gull, 747 
Gwyniad, 375 
Gymnosperms, 162 
Gynanders, 343-314 
Gypsum, 444 


Glass-sitniigc, 524 

H 

Glaiicii'' a'*), 515 

(Jlobi^t iina oo/e, 171, 500 

Habitat, 499-507, 553 ; adaptation 

Glossiiia jtaliiahs, 629 

505-507 ; aerial, 503 ; 

(;iuss()|-)l(‘ris, 445 

fresh- water, 531 539 ; land, 

Givptndniit, 240, 3835 453 ’ 237, 471 

539-540 ; marine, 508 530 ; 

Gnat pupa- and larvae, 534 

parasitic, 503 ; tcrrcstnal, 502. 

(bieiss. .'()() 

539-552 

(Jnii, whiK'-tailf'd, 235 

Habsburg lip, 298, 299 

Goat, iH) 

Hac;ckcl, Ernst Heinrich (1834- 

(Join DtVrl, 340 

1919), 224, 263, 298, 578 

Goitn , rx()])hthalTnir, tor 

Haemocyanin, 137 

f'uldt ti-rod, 586, 587 

Haemoglobin, 43, 396 

(bilclliiif b, 732 

Haemophilia, 343 ; pcdigiec ol. 

Goldlail inolli, 682 

343 ; m European royal 

(Toliatb In etle, 565 

families, 343 

- lr<ig, 565 

Hag-fish, 1 16, 557 

Gftiiduanalaiid, 444 

Hair, 61, 71, 109 ; length of, and 

Gt)()st-barri<i( les, 530 

temperature, 358, 358 

G(tos( bcriv, Gig 

Haire, Norman, 102 

1 toigdiua, 151 

11 . -r .0^ n AP4 

Haldane, J. B. S., 303, 3(19, 395, 


tMiibno of, 95, 251 ; reseni- 
blaucc between man and, 248 ; 
s]vel< Ion ol, 250 
bnt.ilian loUicles, 92 
•raloni;, trees, 27G, 276 ; yellow 
laburninn and purple broom, 279 
it alts in plants and animals, 278- 
280 

iraplulite, 405, 411^, 420 
’ It ass, t)i 3, G14, ()ib 
^irass-fiot;, 565, 666 
■rassliopper, colour-patterns m 
wild, 352 
'tasslands, 590 
• rass-snake, European, 737 
■ raiiola, 222 
'rashny;, 5 36 
'If asy fritillary, 605 
lO.it ant-eater, 238 
in at Dismal Swamp, Florida, 436 
l-akes, 587 
Salt Lake, 553, 592 
.n be, 747 

'ifcnlinch, gamete of, 273 
bcentty, 273 

iit cnland, 236, 410, 469, 487, 548, 
59D 601 

irey matter in brain, 86 
iribble, 329 

Tfiinaldi type of man, 859 
iristle, 24, 32 
irons, Karl, 751 
uound-sloth, 473, 237, 471 
iiouse, red, 374 

uowth, and ductless glands, 100- 
•oi, 327 ; discriminating, 679 ; 

' xaggerated local, 329, 329 ; 
I'uman, 98-99, 327, 328 ; in 
Crustacea, 330 ; limitation and 
f ontrol of, 326-330 ; of the 
individual, 314-336 


457, 612, 640 
Haliclystus, 150, 527, 151 
Haliclus, 709 
Hamburg, 554 

Hands, 565 ; brachydactybnis, 298 ; 

( omparison of, 249 
Hardy, A. C., 591, 394 
Hare-lip, 254 
Harpatticids, 595 
Hartebeest, 233 

Tlartsoekcr’s diagram of human 
sperm, 324 

Hart/ Mountains, 552 
Haviland, Miss, destnpiion o( an 
Amazonian forest by, 544 
Hawaii, 550, Gi 1 
Hawk-moth, 4G4, 219 
Hawthorn, 279 
Hay fever, 647 

Health, G21. 658 (>(>0, 830 ; cloth- 
ing and, (149-650 ; food and, 
634 G42 ; fresh air and, G46 
651 , of animals and savagi- 
races, ()2i ; sunlight and, 651- 
G52 

Hearing, 76 ; in dfigs, 780 See 
Ear 

Heart, 26, 37, 38, 41 ; ciiM-ase of, 
653 ; regulation ol, (>5, 775 
776 ; survival of, 3'-J 
Heart-urchin, 418, 526 
Heather, Mediterranean, 491 ; 

Scotch, 559 
Hedgehog, in, 471 
Heidelberg man. See Homo 
Helium, 255, 256 
Hen, 564, 565 
Henderson, L. J., 394 
Heredity, and sex, 337- 379 ; in 
man, 297-300 ; mechanism of, 
282-286 ; Mendel’s laws of, 
290-297, 3o8''3io ; non- 
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VJ, b')5, 124 


loocl-u buioils 


about, 310- 51 j 
Hermit-crab, 522, 3 
Herodotus, 

Heron, 750 
Hening, 439, 565 : 

f)l the, 595 
Ilcsprrorms, 212, 449 
Hi'terangiuni, ,^35 
Heterocarpus, 521 
Heteroccplialus, 358, 358 
Heteronotus, 574 
Hexactinellid spoiigi^, 523 
Himalayas, 397, .^84 animal and 
plant life m the, 549 
Hind-bram, 722, 723, 722, 724 
Kingston, Major, 7 
Hipparion group of horses, 200 
208 


Hippiduim, 209, 208 
Hippopotamus, no, 474, 471, 533 
1 loatzin, 2 1 2 
Hogben, Proicssor, 570 
Holland, 536 , and land reilaina- 
tion, 589 

Holmes, Oliver Wendell (1809- 
1894), 632 
Ilolm-uak, 390 
Holoptydiius, 423 
Homarus vulgaris, 121 
llomimda*, 481 
Homo, 105 

- heidelbcrgensis, 252, 485, 492 ; 
jaw of, 252 

- neaiideithalensis, 105, 252, 485, 
493, 494, 859 

- rhodcsiensis, 252, 5B5 

— sapiens, 105. See Man 
Homology, 107 
Homum ulus, 324, 324 
Honey-bee, 711-714 
Honey-locust, 5B7 
Honcypot ant, 702, 703, 706 
Hooke, Robert (1635-1703), 13, 

28 ; microscope used by, 13 ; 
obscrvalions on cork, 28 
Hook-worm, 555 
Hopkins, F. (iowland, 638 
Hoplophoneus, 384 
Hormones. See InU'rnal secretion 
Hoinea, 430, 429 
Hoisemint, 586 

Horses, no, 471, 564 ; calculating, 
748; evolution of, 202 2to, 

-’81, '175 47 ^' 203, 204, 205, 208 

Horseshoe crab. See King crab 
Horsetail, 433,432 ; evolution of, 420 
House-tly, 219, 566 
House-martin, 753 
House-sparrow, 237 
Howard, Eliot, 738 
Huanaio, 238 

Hudson Hay (Company, 600, (^oi 

Hudson, W. IL, 752 

Human bod>'. See names ol parts 

— association, the present phase of, 
866-880 


— behaviourism, 787-790 

— - interaction, development of, 

864-865 

— sacrifice, B67 
Humble-bee, 710 
Humboldt’s woolly monkey, 238 
Humming-bird, 585, 566 
Humour, biological (unction of, 821 
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Hunter, John (1728-1793), 27 ®> 
320 

Huxley, Thomas Henry (1825- 
1895), 218, 248, 263, 443, 863 
Hyarna, io8, 584 
Hya:nodon, 471 

Hybrids, between species, 233, 234 ; 
graft-hybrids, 278, 279 ; inter- 
sexuality in, 348 ; sterility of, 
233 ; vigour of, 304 
Hydra, 130, 151, 178, 277, 551, 
558, 400 , 566 
Hydropiiilus grub, 532 
Hydrotropism, 680 
Hydrous larva, 532 
Hydrozoa, 149 

Hygiene. See Health * 

Hyperieds, 595 

Hypnoilsm, in dogs, 783 ; in lower 
animals, 783-784 ; in man, 794- 

798 

Hypohippus, 383, 208 
Hyracotherium, 204 
Hyrax, Cape, 235 
Hysteria, in dogs, 785 ; in man, 
801-804 


Ianthina, 520 
Ibex, 550 

Icc A^es, 410, 444, 469, 470, 473, 
47b, 484, 486, 487, 488, 491, 
4 ^ 2 > 493 > 528, 392 , 446 ; time 
diagram of, 487 
Ice- flower, 548 
Iceland, 488 
— moss, 177 
Ichneumon-fly, 500, 556 
Ichthyosaur, 114, 194, 201, 451, 
474 . 217 , 449 , 462 
Iguana, 1 14 
Iguanodon, 200, 449 
Immunity Iroin disease, natural and 
artificial, 630-G31 

Inbreeding, effect of, 306 ; its 
dangers and uses, 304-307 
Incest, origin of tabu-s against, 860- 
863 

India, 206, 244, 444, 625, G30 
Indiana, 587 
Indian Ocean, 322 
Indigestion and tea-drinking, G44 
Individuality, in cells, 31 ; in the 
lower animals, 144, 148-149, 
150 ; in plants, 157 
Indo-Clhina, French, 374 
Infection, the process of, 623-G24 
Inflammation, 34, 60 
Influenza, 623, 623, 631, G48, 633, 

855 

Infusoria, 172, 673 
Inheritance of acquired characters, 
333-360. See Heredity 
Inhibition, in the nervous system, 
775-7fk) ; and hypnotism, 783 ; 
and sleep, 780-783 
Inoculation, preventive, 218 
Inostransevia, 449 
Insanity, 814-821 
Insectivora, ui, 471 
Insects, 126-128 ; as disease car- 
riers,625-63o; aspcsts,6io-6ii ; 
behaviour of, 689-719 ; deter- 
mination of sex in, 3^ ; earliest 
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known, 416 ; effect of island life 
on, 550-551 ; evolution of 
flowers and, 461 ; faces, 219 ; 
flight of, 454 ; flightless, 5^0 ; 
fossil, 200, 416, 420 ; parasitic, 
556 ; pollination of flowers by, 
158-160 ; rivalry between land- 
vertebrates and, 464 ; societies, 
697-701 

Insemination, artificial, 341 
Insomnia and tea-drinking, 644 
Instinct, culminates in Arthropods, 
689 ; defined, 682 ; in amphi- 
bians, 729-730 ; in birds, 734- 
735 ; internal secretions and, 

97 . 345 
Insulin, 102 

Intelligence in birds, 734-735 ; in 
fish, 728 : in mammals, 733-747 
— tests, 821-823, 822 
Internal secretion, 35, 66, 97, 100 ; 
and growth, 100, 1 01, 321-323 ; 
and sex characters, 99, 344-346. 
See Adrenal, Pituitary, Thyroid 
Intersexes, 346-349 
Interstitial cells, 92, 99 
Intestinal worms, 138-139, 142 
Intestine, 57 , 68 ; large, 57 ; 
small, 54 

Intra-.spccific .selection, 373 
Introversion, in psychology, 823 
Iodine, 1 74, 322 
Ireland, 174, 487, 491 
Irritability of protoplasm, 664 
Irvine, A. C., 6 

Islands, life on, 242-243, 374-375, 
550 - 55 * 

Isolated organs, survival of, 31-32, 
664 

Isolation, as a species-maker, 373- 
^ 375 

Israelites and manna, 177 
Italy, 233, 488, 494, 626, 874 


K^aroo, no, 237, 23 ij ' 

J^garoo-rat, 543 
Kea, 609-610 ^ 

Kelp, 404 
Kent’s Hole, 402 
Kenya, 614 
Kerguelen Islands, r:ri, 
Kiang, 203 ^ 

^dneys 27, 44. 45, 45 

crab, 126, 410, , . . 4,„ 
&ttens,playin, 749-7;,', “ 

Kiwj, 550 
Koala, 235 

Koehler, Wolfgang, 821 
Komodo dragon, 564 
Koumiss, 89 
Kraepelin, Prof., 554 
Krait, 114 
Krakatoa, 584 
Kudu, 471 ; greater, 235 




Jackal, Indian, 231 
Jaguar, 384 
Jamaica, 629 
James Island, 374 
James, William (1842-1910), 793, 
823 

Japan, 174, 524, 574 
Java, 188, 252, 304, 464 
Jaws, evolution of, 214, 422, 252 
Jeans Sir J. H., 9, 391,397 
Jelly-fish, 147, 148, 150, 412, 520, 
562, 667, 674, 675, 687, 161 , 280 , 
515 , 564 , 594 

jenner, Edward (1749-1823), 631 
jerboa, m, 543 
johannsen’s experiment, 289 
Jiinco, 601 

Jung, Dr. C. G., 794, 812, 813, 814, 
823, 825, 828, 829, 865 
Jurassic period, 196, 197, 421, 448, 
45 *. 45a. 453 . 454 . 455 . 456 , 
457 . 459 . 46*, 462, 468, 470, 
490, 593. 1 ®B, 211 , 420 

K 

Kala-azar, 172 
Kalahari D^ert, 541 
Kamchatka, 470 


Laburnum, 279, 279 
Lacerta viridis, 114 
Lake Baikal, 539 

— Mendota, Wisconsin, U S.A , r.c,, 

— Michigan, 586 

Lakes, life in, 537 ; salt, 553 
Lamarck, Jean Baptiste 1741- 
1829), 262, 353, 354 
Lamarckism, 263, 264, 354 ^(jo 
Lamb, an abnormally de\'( i(.pecl 
316 

Lamellibranchia, 13 1 
Laminaria, 174, 403, 525 
Lammergeicr vulture, 550 
Lamprey, 116, 118, 557 
Lamp-shells, 143, 408, 143 , 420 , 
larva of, 513 

Lancelei, 117, 666, 720, 722, 119 
Land, dry, as a habitat, 502-v»'h 
539-55'-^ ; invasion ol, b> 
animals, 437-442 ; inva.Moii n{. 
by plants, 42G-434 : onciii.ilK 
lifeless, 426 
Land reclamation, 589 
Langouste, 515 

Lankester, Sir E. Ray, G74, bBo 
Lanugo, 96 
Larch, 564 

Larvae, in surface zone of sea, 513 , 
of insects, 128, 535, 703 70^ 
712; ol sea-squirts, iiB, nl 
worms, 513 
Lasiognathus, 52 1 
Lasius, 706 

Late Cretaceous period, 483 

— Devonian period, 425 

— Eocene period, 483 

— Miocene period, 483 

— Permian period, 470 

— Silurian period, 422, 438 
Lateral line, the, 726, 107 
Latcrnaria lucifera, 575 
Laughter, 820 

Lawes, 616 

Layering of plants, 276 
Lead, 255, 256 
Leaf-insect, 693 
Lebistes, 566 
Leech, 137 

Lccuvenhock, Anthony van (1G3-’ 
1723), 167 j microscope ma i( 
by, 12 
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Lcmro>n5,548.599.6?4 

, ™on..d.' and poisoning, 640 

as a cure for scurvy, 

J«^".« 1,479 

^'pailmiinus, 417 

Lepulotl<'n(iron, 442, 443 

L(‘picl('fi"i^Lis, 138 

Lepisnii"'^' 7^5 

LcptodcT.'i, 539 

IxpUmiKiuis, 596 

]/‘uaicv(('i!, 59, DO 

Levick, Dr. G. Murray, 752, 753 

LcvUntifiii, 842- B45, 842 , 843 


Lice, (rj8 

Lichen, 17O-178, 558, 587, 178 
Liebig, Justus von, Baron (1803- 
1B7L, 612, G16 

Lift-, ,ilUT death, 852-853 ; before 
lossils, 401-409 ; conciuers the 
diy land, 426-446 ; distinctive 
it.ilures of, 4-6 ; earliest, 401 ; 
(Volution of, diagram, 411 ; in 
iH'sli water and on land, 531- 
r,54 ; in the sea, 7, 508-530 ; 
length of, 89 ; limitation in 
sjidce of, 6-7 ; meaning of, 3-6 ; 
of llowing waters, 534-537 ; of 
standing waters, 537-540 ; on 
lloor of the sea, 523-524, 524 ; 
on other planets, 8 ; on sea- 
shore, 524-527, 526 ; on surface 
ol the sea, 512-516 ; origin of, 
394-396 ; oxidation and, 23 ; 
subjective side of, 9-10, 76(>" 
7(13; the ascent of, 411 ; under 
(ontrol, 6o7-()i7, 878-880 ; 

vegetable, 154-166 
Life-( ommunities, 581-606 ; growth 
and development of, 584-589 ; 
grading of, 589 593 ; parallel- 
ism and variety of, 58 1-584 
Lifi Force, 384-385 
Ligaments, 24, 33 
Light, and plant growth, 1 54-1 57, 
680 ; fascination of, for insects, 
b8i ; its influence on amoeba, 
D()5 . on earth worm, (>66 ; on 
lancelet, 666 ; its penetration 
into water, 520. See Animal 
light, Ultra-violet light 
Ligia, 416 
iugnin, 428 
Lignite, 437 
Jamax ama'ba, 168 
Limbs, evolution of segmental, 408 ; 
movements of, 26 

Limestone, 200 ; biological origin 
of, 1 71 

Liniicola;, 368 
Limnodrilus, 535 
Limnoria, 529 
Limpet, 667 ; lava of, 513 
Liniulus, 416 
Ling, common, 559 
Lingula, 143 

Linnaeus, Carl von (1707-1778), 
130, 261 
Lion, 236, 471 

Lister, Lord (1827-1912), 613, 632 
Lithographic stone, 212 
Litopterna, 211, 240, 483, 237 , 471 
“ Little Joss ” wheat, 304 


Littoral zone, 512 
Liver, 42, 56, 644, 27 ; and the 
manufacture of anti-toxins, 630 ; 
of lobster, 122 

Liver-cell, human, 667 , 568 
Liver-fluke, 140, 146, 555, 141 
Lizard, 564 ; flying, 454' ; green, 114 
Lizard Point, 491 
Lizards, evolution of, 449 
Llama, no, 256, 244 
Loach, 536 

Lobster, 1 20-1 23, 145, 121 , 564 
Lobster-moth caterpillar, 576 
Lobworm, 137 
Lockjaw, 623 

Locust, 219 ; plagues, 598, 599 ; 
tree, 590 ^ 

Lodge, Sir Oliver, 845, 851 
Loeb, Jacques, 275, 613, 680, 681 
Loinechusa, 707 
London, 469, 625, 626 

— clay, 195, 469 

— Pride, 491 
Li^phius, 521, 616 
Louisiana, 750 
Louisville, 487 

Lower Cambrian period, 418 

— Carboniferous period, 441 

— Devonian period, 416, 424, 436, 
429 

— Eocene period, 483 

— Oligoccne period, 483 
Loxomma, 449 
Lucretius, 263 
Lugworm, 137, 138 , 408 
Luidia, 135, 565 
Lunibriculus, 275, 535 
Luminosity in the deep sea, 521- 

521 

Lung-fish, 244, 425, 438, 440, 729 
Lungs, 26 , 27 ; heart and, 653^55 
Lupin, 558 

Lyginoptens, 435, 214 
Lymantna, 348 

— dispar, 610 
I.ymph, 39 

I lymphatic system, 40 
Lynx, 601 

M 

Macaque, 755 
Madiaaodus, 384 
Macrauchrnia, 237 , 471 
Macro-feeders, 504 
Madagascar, 231, 273, 444 
Madeira, 520, 550 
Madrepcirile, 134 
Maeterlinck, Maurice, 709 
Magdalenian culture, 494-495 
Magnolia, 469 
Magnus, Glaus, 599 
Magpie, 753 

Maidenhair-tree, 225, 420 
Malaria, 600, 612, 623, 625, 626, 
630, 633, 653 ; parasite of, 568 , 
626 , 627 

Malaya, 188, 243, 244, 304, 444, 
544 » 557 

Mallory, G. L., 6 
Malta, 551 

— fever, bacterium of, 568 
Malthus, I’liomas Robert (1766- 

1834), 262 

Mammals, 109 ; brain in, 733, 767 ; 


M 

classifi(.ationof, 109 ; (oiutship 
in, 741-7 ; eiiucation m. 
747 ~ 748 , evolutirni of, 470- 
475 , 420 , 449.471 , cvolutum ol 

intclhgemLc m, 73^ - 
747 > extiiK t South Aiikih.iu 
237 ; Icngih o{ the Al;- ,,i, 
of Aiistialia. I u). 235 , p. i';'., 
diiity ol iiorthnii, 669 > pla. i, 
tal, 1 10, 471 , pliiv 1,1. ; (,| 
pouched, io<) : small.su 11^ 
typical African, 235 
Mammoth, 200, 4H7. 493 
— cave, Kentucky, 

Mail, anatomy and jih^siologv ol, 
24-102 ; biological peculuuuies 
of, H57 805, 87b ; brain oi. 
764-789; embryo of, 93-96. 

94 , 223 , 251 , .'volution c)!, 

247 258, 481-499, 471 , 479^ 
fossil {See Homo Ivoanthropus, 
Pilheeanlhropiis, Sinanthropus) , 
hand ol, 249 ; heredity m, 2()8-' 
343 , physical health ot,6‘2 1- 
622, 653, 637-658 , place in 
iiatuie, 247 250 ; place m time, 
255”258 ; place ol origin, 4B4 , 
race.s of, 863-8()4 , rate ol 
increase of, 873 87G , tail in, 
28, 94 ; vestigial organs m, 253 
Manatee, 1 1 1 
Mangabey, 755 
Mangroves, 529 
Mania, 816-817 
Manic-clepre.ssive insanity, 816 
Manna-lichcn, 177 
Maple, 469, 590 
Maquis scrub, 5C)o 
Marble, 200 

Marmoset, 238 ; brain of, 767 
Marquis wheal, 615 
Marriage, Bbo 862; of cousins, 306 
Mars, life on, 8 
Marsh fever, 625 

Marsupials, 109, iiu, 472, 449 ; 

colonization m Australia, 239 
Mastodon, 383 
Mastodonsaurus, 442 , 449 
Materialization, 841-831, 846 , 847 , 
848 

Maternal impressions, 311 
Matthew, Dr. W. D., 472 
Mauritius, 530 

Maximilian 1 (1459 L 5 t 9 )> 299 
Meals, 639, 640 
Measles, 625, 630, 633 
Meditenanean, 152, 489, 519, 520, 
551 

Mediumship, automatism and, 805 - 
806 

Mediums, in spiritualism, 805, 842- 
851 

Medlar, 279 
Medusa, 147, 148, 147 
Megatherium, 241, 237 
Melampyrum, 557 
Melancholia, B17 
Melanesia, 348 
Melanogastcr, 303 
Melilot, white, 587 
Mclosira, 695 
Membracidx, 574 
Mendel, Abb6, Johann Gregor 
(1822-1884), 14, 264, 266, 290- 
291 
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MeadeVs laws, 160, 290, 291-297, 725-728 ; of reptiles, birds and induced by v 

308-310 mammals, 730 - 735 - Beha- steadiness of uc*! 

Mcr> :hippu8, 208, 209, 224, 203 , viour, Consciousness Mycetozoa 1 78 

204 Minnow, 536 Myers, Frederic VVilh 

Mesmerism, 851 Miocene Age, 196, 469, 470, 472, (1843-1001) 8^1 

Mesohippus, 208, 203, 204 474, 483, 486, 857, 198 , 208 , Mynah, 748 ' 

Mesolithic Age, 4g4 471 Mydapoda, 128 

Mesopotamia, 48^ Miohippus, 209 Myrmecocystis, 702 

Mesozoic era, 196, igy, 421, 426, Mirabeau, Count Honord Gabriel Myrmica, 706 
445, 446, 452, 457, 458, 461, Rjquctti (1749-J791), 825 Mysis ,595 

465, 468, 469, 472, 476, 593, Mirabilis jalapa, 292, 294, 296, 293 Myxoedema, 100 
198,392 Miracidium, 141, 141 Myxomycetes, 178. See Slum 

Mespilus, 279 Missing links in evolution, 21 1-2 1 5 Fungi 

Messor, 703 Mississippi, the, 194 

Metamorphic rocks, 200 Mites, 126 N 



Metchnikov, Ilya (1845-1916), 89 
Metopina, 70.5-7o() 

Metridium, 161 
Metriorhyuchus, 452 
Mexico, 541 
Micrastcr, 210, 21 1 
Microbe-carriers, insects as, 625- 
630 

Microbes, 167, 170, 181 ; and 

disease, 622-625 ; avoiding and 
killing, 631-633 ; carried in the 
air, 647-648 ; harmless, 623 ; 
in crowded and open places, 
647-648. See Bacteria 
Microbrachis, 442 
Micrococcus, 568 
Micro-feeders, 504 
Microscope of A. van Leeuvenhoek, 
12 ; of Robert Hooke, 13 ; 
development of, 13 
Microscopists, early, 324 
Mid-brain, 722, 722 , 724 , 729 
Middle Cambrian period, 412 

— Carboniferous period, 416 

— “ Devonian period, 425, 426, 428, 

434, 436, 440 

— Eocene period, 474 

— Jurassic period, ^^62 
Ordovician period, 424 
Pliocene period, 483 

— Stone Age, 494 

Migration, of birds, 490, 601-602 ; 
of butterllics, 604 ; ot caribou, 
490 ; of fox sparrow, 490 , of 
lemmings, 599 ; of locusts, 
599 ; of mammals, 238-240, 
490, .pji, 744-745 ; of .salmon, 
53b 

Milk, 109, 614 ; and cancer, 640 ; 
and internal secretion, 97 ; con- 
tamination of, 640 ; longevity 
and soured, 89 ; model farms 
for preparation of Grade A, 
641 ; why it turns sour, 183 
Milkwort, 230 

Miller, Hugh (^802-1856), 415 
Miller’s thumb, 536 
Milbpede, 128-129 
Mimcciton, 706 

Mimicry, 573-577, 576 ; Batesian, 
577 ; Miillcrian, 577 
Mimosa pudica, 157 
Mind, collective, 877 ; drugs and 
the, 824-826 ; human, 787- 
826 ; in gear and out of gear, 
814-821 ; in insects, 689-695 ; 
individual variation in man, 
821-826; of a dog, 773, 774, 
776-777. 77b. 779. 7bt>‘7»b ; of 
amphibia, 728-730 ; of a fish, 


Mitosis, 283 
Moa, 550 

Mocking-bird, 374, 748 
Modern Era, 468-480 
Mceritherium, 471 
Mola, 514 
Mole, III, 471 
Molluscoidea, 143 
Molluscs, 130-134, 521 , 56 # ; 

evolution of, 418 422 ; nervous 
system of, 678 
Monarch butterlly, 573 
Mongolia, 206, 460, 472, 473, 475 
Mongolian Desert, 203 
Mongoose, 608 
Monitor, 114 

Monkey, Humboldt’s Woolly, 238 
Monkey-puzzle tree, 41)9 
Monkeys, 108 ; behaviour of, 753- 
759. vSV^Apes 
Monotremes, iO(), 449 
Moods, self-knowledge anti, 831- 
832 

Moropus, 471 

Mo.sasaur, 1 1 4, 45 1 , 449 , 452 
Mosquito, 600, 612, 219 , 626 ; 

malaria-carrying, 626, 628, 629 
Mo.ss sperm, 164 

Mosses, 162-166, 587, 166 , 164 
165 , 432 

Moth, cinnabar, 578 ; gold-tail, 
682 ; Poplar Hawk, 219 ; 
Vapourer, 221 

Moths, «md light, 6Bu ; melanism in, 
361 ; smell in, (>94 
Moulds, 579, 176 
Mountain-chough, 550 
Mountains, life on, 6, 549 
Mount Evcre.st, animal and plant 
life on, 549 

Mouse, no, 598, 21 , 565 ; gamete 

of, 273 , 294 

Mouslrrian culture, 493 
Mouth, digestion in, 51 ; evolution 
of, 404 

Mud-hopper, 440, 440 
Mulatto, 299 
Mullerian mimicry, 577 
Multiple genes, 299, 369 
Multiple personaiities, 79H 801 
Multitubcrculates, 470, 449 
Murray, Prof. Gilbert, 840 
Muscles, 24-26, 70, 6()4, 670 ; of 
the forearm, 27 ; of a frog, 70 
Mushrooms, 173, 175, 403 
Musk ox, 236, 548, 358 
Mutation, 290, 35^352 ; in Chlhese 
Primrose, 351 ; in Drosophila, 
351, 302 , 303 , 351 ; in Evening 
Primrose, 352 ; in moths, 361 ; 


Nagana disease, 556 
Naias, 538 

Nanno-plankton, 510 
Naosaurus, 449 
Natural selection, 263, 

as a conservative force, 367 
369 ; in action, 369 ; may hi 
useless to species, 371-373 , no 
acting on man, 874 ; undr 
changing conditions, 369 -372 
Nauplius larva, 513 
Nautilus, 421, 422, 514, 420 
Navicula, 695 

Neanderthal man. See Homo 
Nectar, 158 
Ncmathclmintlies, 138 
Nematophycus, 429 
Nemcrtine worms, 142, 513 
Neo-Lamarckism, 262, 265 
Neolithic Age, 1 1, 494 
Neo-Malthusianisin, 262 
Ncopallium, 734 
Neo-salvarsan, 633 
Nereis, 138 , 408 ; larva of, 513 
Nerve fibres, (>8, 69, 68 , 69 
Nerves, 2(), 68 ; function of, 68 -70, 
776 ; impulses in, 664 ; struc- 
ture of, 68- 70 
Nervous impulses, 69 
Nervous system, 26, 68-71, 84-87, 
405,721 ; central, 68; develop- 
ment of, in embryo, 720-72!) , 
evolution of, 404, 672-^)78 , in 
lower animals, 720-726 ; in 
vertebrates, 720 735. .S'c^Biain, 
Nerves 

Nest of ants, 700 ; of termites, 709 
Neurasthenia, in dogs, 78!) , in 
man, 806-807 

Nevada, mouse plague in, 598 
New England, 488, 612 

— Guinea, 109, 236, 544 

— Hebrides, 348 
New Stone Age, 494 

— - York, 488, 629 

™ Zealand, 231, 237, 238, 243, 5^,0, 
55 L 55'-i> bo6, 609, 610, 614 
Newt, 1 15, 315, 729-730, 315. 
evolution of, 449 ; poison N, 
671 

Nicotine, 642 

Night-blindness, 343 

Nightjar, European, 740 

Nightjar, South American, 569, 5; ' 

Nile valley, 489, 540 

Nipa palm, 469 

Nitre, 616 

Nitrogen, cycle, 184, 579 -5b ' 
fixation, 184, 558 ; in blood. 
35 ; in proteins, 48 
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Ovum, 87, 90, 91, 93, 97, 273, 90 , 
.'SS *** 0'N\,Snovi'f, ^^8 

'^“ttnc.r m Oxfoti da^.i^^ 

' 0 1 4VV, flo. Oxidation and life, 29 

Ox.pccket,6,o ^ 

‘i'i, ; aiwouuv ure.Acd 


^'ortno, Lt.-Co\., 6, 7 

^orvoiys 4^^’ 

XuUtkhord, 95, I iB 

Nourishment ot' the body, 47, 634- 

Non a Scotia, 490 
Nuninuilite, 665 
Nyctiliis, 5 B 9 ~ 57 ^ 

Nytliphanes, 595 


Oak, i55t 5^6, 590 

Obflia, 146-149, 150, 157,415,147, 

405 

Ocean, depth of the, 0 ; life in. See 
Sea 

Occupational mortality, 654, 655 
Octopus, 132, 409, 419, 421, 596, 
(iGp, 420, 515 
(hcupiiylla, 700 
Oeda, 574 

(Enolhcra lamarckiana, 352, 353 
Oikomonas, 568 
Oikopleura, 595 
Okapi, 236 

(Jld age See Senility 
Old Stone Age, 11, 257, 493, 494 
Oligocciie period, U)b, 469, 472, 
474, 483, 198, 208, 471 
Oliver, Prol. F. W., 589 
Onager, 203 
Onychophora, 129 
Oo/e, abyssal, life on, 523-524 ; 
globigerina, 171 ; radiolarian, 
171 

Opliiothiix, 136 
Oporabia autumnata, 3(19 
Opossum, no, 229, 236, 237, 238 
Optoquine, 633 

Orang-outang, 481, 753, 756, 

248; late <*mbryo of, 251 
(hi bids, 464, 546 

Ordovuian period, 196, 197, 414, 
415, 417, 419, 198,^420 
Oregon, 490 

Organisms, sizes of, 564-568 
Oiganizers, in embryo, 317 
Origin of species, 263. See Kvolu- 
tion 

— life, 394-396 
(-)rnitholestis, 449, 458 
Orohippus, 207, 204 
Oiophocrinus, 417 
Orthogenesis, 264, 265, 380 
Oryx, 235 

( )sborn, Prof. Henry Fairfield, 
264 

fhleolepis, 440, 423 
f htracoderms, 422, 424, 425, 420, 
423 

f)‘'trich, 564 

Dinosaur, 467, 458 
< >tter, 1 1 1 

Ovary, 91, 92, 97, 100, 92; in 
plants, 160 
' H’iduct, 92, 93, 92 


Pavlov, Prof. Jvmi Potnnjtrh 
;j//, r-'c; -V/ - 


bv,. . 

IVaciKk, "r 

ten AVN, >3(1, 
VviWivWatuv, 
VrhvgK /,tnu‘, qv j!, 


63 , and pWils, 154, Vi-hvgvc Ainu-, V > 

a poison, 1B2 ; transport of, m PetagouiYa, 

Body, 34, 43 ; urgency ol need Pelagittfmnu, 513 
for, 3b 37. See Respiration Pelican, 113 
Oxysoma, 707, 706 Pellagra, G38 


Oysters, 130, 131 : 
carriers, 840 


Pachycondyla, 705 
Pachystoinias, 518 
Pad die-bird, 597 
Paddle- worm, 137 
Pain, 74 

f pla’omastodon, 471 
alaolhenum, 209 


Palaolhenum, 209 
Paleozoic era, 196, 197, 412 qi3’ 
•P 5t 4 » 7 > 4 ' 9> 4 » P-’ 7^ ■* 98, 392 
— lish, 423 
-- vertebrates, 423 
Palestine, 177, 494 
Palmuius, 515 
Pallas' sandgiouse, 602 
Panama, Isthmus ol, 241 
J’ancieas, and diab<-tcs, 102 ; and 
digestion, 54-55 


.piration Pelican, 113 
Pellagra, G38 
as typhoid Pelvis, 106 

Pelvcosaur, .pj8, 449 
Penguin, 514, 597 
— Adehc, 752, 753, 752 
Pcnnaiia, 148 
t'cpsis, 573 
Pendinians, ^31), 598 
Pfiidmunn, 595 

Periophtludniiis, ppi, 440 
I’eiipatus, 129, J37, 21b, 887, 128 
Perissodactyl.i, 110 
]^•llsUllsis, 52 

17, 412 413, Peimian penotl, 19I), 0^, 439, 04. 
127 ,198,392 44(), 447, 448, 4()i, 488. 

198, 420, 445 

Peisia, 2o(), 540. 5()(| 

Peru, 818 

Pests and then biologual lonliii, 
(109 812 

1 1 IVlief, 547 

i, 102 ; and Phacocystis, 595 

Phagocytes, 59, ()0, (>30 


Pangenesis, Darwin's theory ol, 355 Plialanger, vulpine, 237, 235 


Pansy, wild, 378 
Panthera tigris loiigipilis, 232 
sondaica, 232 
Papaver nudicaule, 373 

- striatocarpum, 373 
Papilio cynorta, 576 

- dardanus, 221, 576 
Paraguay, 231 
Parahippus, 209 


I’hdlarope, 3()8, 359 
Phanei ogams, 182 
Phenai odus, 471 

Philip IV of Spam (i8of) iGtiy). 

299 

Philippine Islands, snails ol the, 

37^ 

Pholas, 529 
Phoronis laiva, 513 


Parallelism and variety ol hlc-com- Phosphates and musiuhii adivity, 


237, 238 inunitics, 581-584 

Paiamecium, 172, 567 
53. 75G, — bursaria, 685, 881) 

251 - caiidatum, G()5, 883 G8G, 683 

Parasite-chains, 593 597 
1117, 414, Para.sites, 172, 228, 503, 578, 571), 
0 125, 402 

Parasitism, distu.ssion of, 503. 555- 

568 5B2 

[7 Paratcttix, 352 

See Kvolu- Parathyroid glands, 102 
Paratyphoid, 218 
Pareiasaurus, 448 
Parrot, 89 

Parthenogenesis, 274 
Partnership and parasitism, 555^ 

80 5(>^ . 

Passcrella ilica (fox-sparrow), mi- 
Fairfield, gration of, 490 

“ Passive immunity ” from disease, 

G31 

425, 420, Pasteur, Louis (1822 1895), 5, 17O, 
267, G13, 623, 830, 632 ; ex- 
periment by, 268 
Patagonia, 490 
Patella, 106 

), 92 ; in Pattern in life, colour and, 588 

•'’77 

Pavement epithelium, 29 


G45 

Phosphoresi enci^. Sie y\ninuil light 
Pliosjdioius, importance ot supply, 
817 

Pholotropism, 880 
Phthisis, 654, 655 
Phylhrilioe, 521 

Phylum, classes of the \erlebr.ite, 
109 ; meaning ol, 108 
Pliysalia, 150 
PiddiK k, 529 
Pierine butterllies, 378 
Pig, 1 10, 474, 217, 471 
Pigeon, 734, 73<) ; wild rock, 229 
Pike, 538 

Pilidium larva, 513 
Piltdown man. See I'.oanthropus 
Pineal gland, 108, 725, 785, 765 ; 
ol Irog, 724 

Pine-tree, 590 ; spores of, 432 
Pipe-fish, 527, 151 
Pithecanthropus, 251, 252, 48G 
Pituitary gland, 90, 97, 98, loi, 
102, 108, 322, 570, 99, 724, 765 
Placenta, 98, 98, 96 
Placental mammals, no; archaic, 
449 ; evolution of the, 471 ; 
modem, 449 
Plague, 628, 629, 653 
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Plague bacilliuij 568 
Plaice, 527 

Planaria, 140, 145, 332, 140, 405 
Planema epcea, 576 
Planktomya, 514 

Plankton, 124-125, 510-516; in 
lakes, 538 ; in polar seas, 548 ; 
in rivers, 534 
Plankton-recorder, 591 
Plant-animals, 172-174 
Plant-liody, the building of the, 
401-404 

Plant-bug, sex determination in the, 

337 

Plant-carbohydrates, 579 
Plant-cells, 155, 156 
Plant-lice, 583 
Plant-proteins, 579 
Plants, 154-166 ; and water, 582 ; 
aquatic, 509, 510, 511 ; be- 
haviour of, 679 ; breeding of, 
303- 304 ; cells of, 165 ; classes 
of higher, 162 ; cycad-like, 
420 ; development of, 461-465 ; 
di.stinction from animals, 154, 
173, 182 ; earliest known land, 
429 ; evolution of true dower- 
ing, 420 , 432 ; fertilization of, 
166 ; dowering, 162 ; food of, 
156 ; growth of, 679 ; im- 
portance to animals, 578 ; indi- 
viduality in, 157-158 ; invisibly 
small, 9; light and, 154-157, 
582 ; nutrition of, 154-157, 503 ; 
of the ancient world, 434-436 ; 
orgdViisation of, 155 ; pollina- 
tion of (jM Flowers) ; regenera- 
tion in, 156 ; reproduction in, 
155-166; single-celled, 173; 
Sir J. C. Bose’s experiments 
with. 9, 679 ; stomata of, 155 ; 
sunlight and, 156; variations 
in, 362-363 
Planulzc, 148 

Plasmodium falciparum, 627 

— malaria*, 627 

— vivax, 627 
Plato, 865 
Platurus, 452 
Platyhclrnmthcs, 1 40 
Platypus, 213, 216, 221, 237, 235 
Play, biological function of^ 749“ 

753 ; in man, 876 
Pleistocene period, 196, 197, 198, 
468, 470, 486, 492, 551, 602, 
198 , 208 , 471 

— and recent climate, 486-492 

— ice-sheet, work of, 540 
PJesiadapis, 474 
Plesiosaur, 114, 452, 449 , 452 
Plesippus, 208, 204 
Pleurobrachia, 151, 151 
Pliocene period, 196, 469, 486, 492, 

. 7 ^ 3 > B57, m 206 , 302 , 471 
Pliohippus, 207, 208, 204 , 206 
Plover, 693 

— golden, 4^0 

— ringed, 569, 571 
Plumose anemone, 151, 151 
Plymouth Aquarium, 570 
Pneumococcus, 654 
Pneumonia, 648, 654, 655 
P^on, 505 

Poisons, in food, some possible, 
639^2 

89a 


Poisons, produced by amphibians, 
671 

Polacanthus, 449 , 458 
Polar regions, 547 
Pollan, 375 

Pollen, 160 ; and bees, 717-718; 
evolution of, 430-433. Se£ 
Flowers 

Pollination, 158-160 ; by animals, 
birds, and insects, 463-465 
Polyergus, 703 
Polygalum, 230 
Polyploidy, 363 

Polyps, 149, 147 , 161 , 405 , 406 , 
613 , 564 , 565 
Polyzoa, 143, 554 
Pompilius quinquenotatus, 697 
Pond-life at the surface-film, 

634 

Poplar, 271, 443, 469 
Population, O73-874 
Porcupine, 1 1 1 
Porpoise, iii, 112 
Porthesia chrysorrhoea, 682 ^ 

Portugal, 491, 629 • 

Portuguese man-of-war, 150, 520 
Portunion, 226 
Potamogeton, 538 
Poultry, determination of sex in, 
342 ; heredity in, 295, 297, 

341-342 

Prawn, 421, 527, 680, 618 , 621 , 
624 ; larvse of, 595 
Praying mantis, 387, 736 
Pregnancy, 96-^7, 98 ; extra- 
uterine, 92 ; influence of shock 
on, 312 

Preservation of food, 635 
Pressure at great dcptlis, 519 
Pribiloff Islands, 617 
Prickly-pear, 237, 598, 611 
Primary era, 197 

Primates, 1 1 1 , 1 1 1 , 471 . See Man, 
Apes, and Monkeys 
Primitive streak, in embryo, 94 
Prirnula, 352, 375 

— sinensis, 351, 363 

Prince, Morton, 798, 799, 800 
Proboscidca, no, 471 
Procerodes, gamete of, 273 
Progeria, 330 

Projection in psychology, 819 
Pronuba, 692 

Propagation, artificial, 275-277 
Propliopithccus, 483 
Prorocentrum, 595 
Prostate gland, 91, 91 
Protection, by blulT, 676 
Proteins, 48, 186 ; in animals of 
different species, 218-220 
Proterozoic era, 196, 197, 410, 412, 
198 , 392 

Proteus, 222, 551, 552 

— amoeba, 168 
Prothallus, 162 
Protocentrum, 595 
Protoccras, 471 
Protocrinus, 417 
Protohippus, 209 
Prot<Mlema, 164 

Protoplasm, 28 ; irritability of, 
664, 665 ; nerve-like condition* , 
in, 672-673 ; origin of, 395 
Protozoa, 170, 271, 401, 269 , 272 , 
515 , 565 , 668 ; multiplication 


of, 170; sexual process m 
171 

Przevalsky’s horse, 203 
Pscudocalanus, 595 
Psycho-analysis, 811-814 
Psychology, and conduct, 827- 8v,:; • 
comparative (See BehavKMjr’ 
Mind) ; human, 787-826 
Ptarmigan, Spitsbergen, 490 
Ptcran^on, 456, 456 , 564 
Pteraspis, 423 
Ptcrichthys, 423 
Pteridophyta, 163 
Pteridosperm, 214, 435, 444, 420 
Pterodactyl, 452, 468, 218 , 456 
Pterolepis, 423 
Ptcropods, 419, 548 
Pterosaurs, 457, 456 
Ptcrygoteuthis, 521 
Ptomaine poisoning, 640 
Puberty, 09 
Puerperal Kver, 632 
Pulse, in man, 38 
Pure lines, in genetics, 287-290 
Puss-moth caterpillar, 576 
Pycnogonids, 549, 524 
Pylorus, 54 

Pyramids of Egypt, composition of, 
171 

Pyrenees, 397, 491 
Pyrosoma, 119 
Pyrosomes, 514 
Pyrotlieres, 240, 471 
Pyrotherium, 237 
Python, 1 14 

a 

Quagga, 203, 377 
Quartzite, 200 
Quaternary, era, 197 
Queen ant, 701 

Queen bee, 711, 718-719,666, 666 
Queensland, 61 1 
Quinine, 633 

R 

Rabbits, iio, 237, 588, 598, 600, 
606, 607 ; brain of, 733 ; diges- 
tive organs of, 606 
Races, distribution of human, 239 . 
do they grow senile 382 . 
mixture of, 376, 871 ; of man- 
kind, 863-864 

Radio-active elements as geological 
clocks, 255 

Radiolaria, 171, 178, 402 , 403 , 696 

Radiolarian ooze, 171 

Radium, 255 

Radula, 418 

RafHcsia, 463, 557, 564 

Ragweed, 587 

Rag-worm, 138 

Rana. See Frog 

Rat, no, 605, 628, 630, 744; 
black, 364, 377, 370 ; brown, 
364-365, 377 ; hooded, 370, 
371, 370 ; and plague, 605, 628 
Rat-flea, 596, 628 
Rationalisation, in psychology, 795 
Rattlesnake, 114 
Raven, 748, 750 
Ray, 1 16 

Rayleigh, Lord (1842-1919), 256 
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capitulation, in man, 94-95 ; 
theory of, 222-227 
K< cent peri(^ in geolo^, 196, 197 
Rccessivencss, in heredity, 294 
Record of the rocks. Sh Fossil 
record and Evolution 
Rectum, 92 
Red doer, 551, 217 
- Fife wheat, 615 
Sea, 553 ; origin of name of the, 
167, 174 
Red spider, 61 1 
Redi, 267 
Redshank, 369 
Redwine;, 752 
Reed, Walter, 629 
ReHrx, 84, 85, 86, 772, 776 

— conditioned, 770-773 ; contrast 
of, with inborn, 771 ; inhibi- 
tion of, 775-780 

Regan, Dr. Tate, 236 
Regeneration of lost parts, 145, 276, 
145, 156 

Reindeer, 494, 548 

— moss, 177, 591 

Re)uvenation, 8(j, 330 ; is it 

desirable i 335-336 
Religion and biological discovery, 
12 ; and theory of Evolution, 
19 1, 265 ; in man, 866-870 
Remora, 530 

Repression and the complex, 807- 
81 1 

Reproduction, 91, 144, 268-281 ; 
in plants, 158-166, 271, 426- 
434, 461-465 ; of our species, 
873-876; rapidity of, 170, 364 
— ; sexless (asexual), 268; artificial, 
275; in amoeba, 170; in 
animals, 144, 145 ; in bacteria, 
18 1 ; in plants, 158 ; the most 
primitive method, 268 

— sexual, 90 ; a complication of 
reproduction, 271 ; absent in 
bacteria, 181 ; evasions and 
replacements of, 274-275 ; in 
fungi, 174; in Protozoa, 1 7 1 ; 
mechanism of, 282-286 ; leason 
for, 362-363, Sa also Fertiliza- 
tion of the egg 

Reproductive system, 90-93 
Reptiles, 1 13-1 14 , 452 , 664 ; begin- 
ning of the Age of, 446, 447-450 ; 
brain in, 730- 735 ; evolution of, 
447-461, 420 , 449 ; flying, 
456 ; length of the Age of, 257 
Resin, 201 

Respiration, 40 ; of plants, 154 ; 
organs of, 40 ; reason for, 22 ; 
regulation of, 63 

Respiratory system, 40-43 ; diseases 
of, 654 ; of fish, 108 ; of insects, 
465 

Response, forms of, 670-672 
Retina, 79, 79 
Retrogression, 330 
Reversion to ancestral type, 307- 
308 

Reward wheat, 615 
Rhabdoplcura, 119 
Rhamphorhynchus, 456 
Rheumatic fever, 653 
Rhinanthus, 557 

Rhine, 488 ; species of fish in the, 

536 


Rhinoceros, no, 236, 526, 610, 
471 , 697 ; Malayan, 744 ; 

Merck’s, 487 ; woolly, 495 
Rhizocrinus, 225 
Rhizopoda, 171 
Rhizosolenin, 595 
Rhodesia, 4^ 

Rhodesian fever, 629 
— man. See Homo 
Rhynia, 436, 420 , 429 
Rhyniella, 416 
Ribbon-weeds, 525 
Ribs, 106 ; action of, 41 
Rice-grass, 589 

Richet, Prof. Charles, 617, 841, 
842 

Rickets, 638, 639 

Rivers, early vertebrate evolution 
in, 425 ; life in, 534 ; pollution 
537 

Rockies, 397 

Rock-lobster, larva of, 515 
Rocks, age of, 255-258 ; diagram 
^ of the record of the, 198 ; 
evidence of, for evolution, 194- 
215; formation of sedimentary, 
194. See Fossil record 
Rodents, no, 474, 471 
Rodriguez, 550 
Rook, 752 

Roscofi' (Brittany), 560 
Ross, Alexander, 5 
Ross, Sir Ronald, 600 
Rotang palm, 545 
Rothamsted Experimental Station, 
500 

Rotifers, 142, 554, 563 ; evolution 
of, 407 

Roughage, in food, 636 
Roundworms, 138-140 
Roux, Wilhelm (1850-1924), 319 
Ruby wheat, 615 
Rufi', 738, 740 

Ruminants, 471 ; stomach of, 476 

Ruptive coloration, 571 

Ruscus, 222 

Russia, 599 

Rust (of wheat), 557 

Ruwenzori, 591 


S 

Sabella, 138 
Sabre-tooth, 471 
Sabre-toothed cats, 384 
Sacculina, 126, 226, 555, 557, 125 
Sagitta, 409 

Sahara, 236, 470, 489, 540 
St. Francis of Assisi, 804 

— Helena, 242, 243 

— Hilaire, Geoffroy, 262 

— Kilda, 374 

— Louis, 487 

Salamander, 115, 440, 737 ; evolu- 
tion of, 449 
Saliva, 51 
Salino, 375 

Salmon, 439 ; migration, 536 
Salps, 514 

Salts, mineral, and fresh-water 
animals, 168, 532 ; as food of 
plants, 154 ; in blood, 34, 531 ; 
m diet, 47 ; in lakes, 553 ; in 
sea, 394 
Salvarsan, 633 
Sand-dollar, 135, 418 


Sand-eel, 595 
Sand-grouse, 543 
Sand-hopper, 241 
Sand-rat, 358, 358 
Sandstone, 1 99 
Sand worm, 408 , 513 
Saprophytes, 173 
Sargasso Sea, 502, 516 
Sargassum bacciferum, 516 
Sassafras, 469 
Saturnia pavo, 692 
Sauropods, 459, 460, 449 
Saxifrage, 464 
Scale-worm, 138 

Scales, in fishes, 424 ; in reptiles, 

113 

Scallop, 131 
Scapula, 106 
Scardafclla inca, 506 
Schcuchzer, Professor, 197 
Schizophrenia, 817 
Schopenhauer, Arthur ( 1 788-1860) , 
262 • 

Science, dawn of modern, 1 1 
Scorpion, 126, 420 
Scotland, 233, 487, 488, 491 
Scottish Highlands, 195, 199 
ScTophularia, 222 
Scrophulariaceie, 376, 557 
Scurvy, early treatment of, 637 
Scymnognathus, skull of, 213 
Scyphozoa, 150 

Sea, as original home of Hie, 394- 
396; deep, 517-524; lire in, 
8, 508-512 ; shore life, 524- 
527 ; surface life of, 512-527, 
613 ; temperature of, 399- 
400, 519 

Sca-anemones, 151, 522, 559, 125 , 
511,677 
Sea-cow, 474 

Sea-cucumber, 136, 412, 418, 516, 
524, 420 , 616 ; larva of, 513 ; 
pelagic, 515 
Sca-dahlia, 151, 151 
Sea-elephant, 741 
Sea-fan, 611 
Sea-gherkin, 136, 136 
Sea-gooseberry, 151, 161 
Seal, III, 514, 548, 549, 471 
Sea-lettuce, 174 

Sca-lily, 13^6, 412, 417, 445, 524, 

136 , 225 , 420 

Sea-lion, 741, 471 
Sea-mouse, 137, 138 
Sea of Galilee, 538 
Sea-pens, 524, 611 
Sea-pudding, 136 

Sea-scorpion, 415-416, 422, 425, 

420 , 664 

Sca-serpents, 188-189 
Sea-shore life, 524-526 
Sea-slug, 419, 616 
Sea-snail, 595 
Sea-snake, 462 
Sea-spider, 549 

Sea-squirts, 129, 144, 224, 331, 

119 , 332 , 624 

Sea-urchin, 135, 210-21 1, 417, 670, 
687, 136 , 321 , 420 ; behaviour 
of, 677 ; gamete of, 273 ; 
segmentation of eggs of, 321 
Seaweeds, 172-174, 271, 428, 429 ; 

gamete of, 430, 273 
Sea-woodlicc, 5 SU 
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ot, 1 6 1, 

"‘e't3&t evolutioii H 43® 

ai5,43.r,, 437, 443, 214, 

.;«W> ; evolution of, 420 

'Swdis, 158-^162 

■ Segmentation of the body, in 
. animals, 123, 137, 407 
- 7 ^ - egg, 03, 321 
Segmented worms, 137, 145,406 
Selaginella, 431, 432 
Selection, and change of race, 370 ; 
by man, 228-230, 287 290 ; in 
evolution (.SVrNatural selection) ; 

c 373. 73? 

Sclt-lertijfeatjohjn plants, 160 

Selous, Edmund, 738 ' . 

Sernatic coUmrs* 5^9 
Seminal v<^sicle, 91' 
Scmirvxriebrat^ 117, 119 
Semmelweb 632 

Senility, 88, yf), 330 ; nf evolving 
raco., 382 ; prceoeious, 330 
Senility and races, 382 ; preeociou?, 


33^> 

Sensation, 7I-.75, (J64 ; internal, 
74, j position and movement, • 

81 82 

SenseStwgans, 71 84 ; evolution of, 
664“-()7 o ; irritability as com- 
mon basis ol, t)(i.j ; limitations 
of, byo 

Sepia, 133 

Sequoia gigaiitea, 8y 

Sertularia, 151 

Sex, and marriage in primitiv< 
man, 859 863 ; condurt in 
relation to, 834 837 , control 
338- 339 ’ dct<Truinati(m of, 
337 "849) 338 ; ex olutionary 

significance of, 3G2 stij ; im- 
porlaiitr i»i psychology, 812 ; 
interriiediales, 347 .349 ; uor- 
rnal causation of, ^337"338 , 
reversal of, 34G. Repro- 
duction 

Sex(‘s, profKirtion of th(% 338 340 , 
340 ^ 

Sex-liormones, 3^14 346 

Sexless reproduction. Sec Repro- 
duction 


Sex-hnked inheritance, 34 1 3 13, 342 
Sex-mosaics, 3,^3 ; butlcrfhes pro- 
duced by shock, 344 
Sexual aberrations iy fowls, 34fi 
Sexual fetishism, 809 
selection, 373 

Sexuality, evasions mid replace- 
ments of, 274-275 
Seymouria, 449 

Shark, iiG; basking, 116,514 
Shaw, GecM’ge Bernard, 262, 263, 
266, 384, 385 

Sheep. I to, 140, 6of), 610, 141, 
564; an abnormally developed. 


She ll-shock, 8of> 

Shetland Islands, 374 
Shine-by-Nigln,” 512 
Shipworm, 529 

Shwk on pregnancy, intluenee of. 


Short-sigh u^dness, cause of, 298 
Shrew, Hying, 565 ; jumping (brain 
»0.767^ 

Shrew-mouse, 1 1 1 
Shrimp, 124, 527 

Siberia aoo, 233, 2jf, 539, 549, 
590, 602 ^ 

Sicily, 488, 494, 537 
^Mght,* 78 ; in bees, 7^4 i Hi dogs, 
780 ; in fishes, 727. See also 
Eye 

Silurian period, 197, 415, 416, 418, 
424, 42 429, 198, 420 
Simoeephalus, 408 
Simpson, Sir James Young (1811- 
1870), 613 
Sinai, 540^ 

Sinanthropus^ ^51, 252, 485 ; skull 
^ of sub-man, 252, 859 
Singer, Dr. tlhajics, 629 
Single-celled lift', 167-174, 176, 
401, 402 

Siphonophore, 150, 407, 415, 51^, 

Sireiiians, 471 • 

Sivatheriuin, 471 

Sizes, ot organisms, 562-568, 664, 
565, 566, 567, 568 : of ultia- 
mic ro.scopic; particles, 396 
Skate, 116 


Skeleton, development of, 319 ; 
human, 24-28, 25, 26. 27 ; 'ot 
dog, 106 ; ol gorilla, 250 ; of 
lobster, 121 ; of vertebrates, 
108, 424, 120, 221 ; strength 
of, 566 

Skin, 59 62, 649 ; and tempera- 
ture regulation, 61-62, 649 ; 
of amphibians, 115, 671 ; of 
coloured rare.s, 2^9-300, 354, 
357 J <'f fishc.s, 42i^ , .sunburn 
3.57' H51 
Skmk, 114 


Skua, 547, 548, 594 
Skull, Broken Dill, 493 
Skunk, (>37 


Sleep, nature of, 780- -783 
Sleeping-sickness, 172, r.rj), 6o(), 
612, 625,568 
Sleejr/ sickness, 625 
Slirnc-fui'igi (.sliine-moulds), 173, 

178-180, 271; 179, 180' 

Slipper animalcule. 683, 683, 684 ; 

behaviour of, 683- Gift) 

Siotb, ni,23(,, 383, 237. 238 
Slow-vvorin, 114 
Sludge-worms, 535 
Slug, 1 31 


Smallest Jiving things. 185-186 
Smallpox. 623, 625, 630^ 631, 653 
Smell, 75 : 111 bees, 715 ;• m dogs, 
ip 6shc*s, 727 ; in motlis, 
<>{)4 ; in primitive mammals. 
7i)() 

Smelt, 536 
Simlodoii, 383, 384 
Smith. D6Icnc, medium, 805 
Prof. Elliot, 766 

— William (1769-1839), if)5, lyc) 
Snails. 130, 1 31, 671, 565, W * 

S lakes, ancestral .stock of, M9 ; 

e xtinct, 564 
Snapdragon. 376 
Snipe, 6f»c), 739 
Siiitvw-leopard, 550 


.s 

Solar disturbances and tertestria] 
life, relation between, 002 
Solar plexus, 68 
Soldanella, 548 
Solenhofen, 201, 212 
Solomon Island^^ 870 
SolomorPs seal, 586 
Solutfean cultiue, 494 
Soma, 281 ; germ-^a.sm and, 355 
Somerville, Dr., d, 7 
Song-thrush, 5wi . 

Soot, and* health,, 646 ; amount 
deposited in modern towns, 
646^ defences against, 42 
Sorc'dia, 177 
South Africa, 599 

— America, 206, 209, ,212, 23], 

“38, a37, 240, 241, 244, 444’ 
47O) 472^ 475) 478^ 49») 534, 
544 544. 574) 569) 629 . 

characteristic animals of, 238, 
243 . 

— Amcric,an ungulatc.s, primitiv < 
stock of, 471 

— Georgia, 549 » 

Spain, 488, 491, 494, 629 
Spallanzani, Abb6, 613 
Spanish Bayonet, 4(14, "692 

— ’ moss, 546 

Sparrow, English, 364, 3()7, 610 
migration of the* iox, 490 
Spnrtina lowiisendii, 5H9 
Species, rhc'niual basis of, 219, 
meaning of, 105, 230-236 , 

origin of See I'A'olutioii 
Speech, 792, 857 ; fundarycntal 
processes of, 773-774 : 
of brain coiuerin'd in, 769 
Sprim, human, 567. 568 
Spc'rrnati)]ihytT's, i()2 
Sjieimaioz.on, 90, 91, 92, 272, 340 : 

i>l ierns and mossc's, 163 
Spcims. See Spermatozoa 
Spenn-wh.ile, 519, 471 
Spliceriuin, 535 
Sphtjuodon, 114 
Sjihenophvll, 443 
Sphex, (>96 

Sphceiulia bombi, 140 
Spider, K'lt, 566, 695, 420 
Spider-cralj, 524. 562, 511. 564; 

gameti* 0^-273 ; instinct ol, 692 
•Spinal (Old. 2t'), 108, 721, 24, 721 
Spiracle, 107 
SpiiTK'lm'tes, 182 
Spirogyra, 174, 402, 403 
Spirula, 514 
Spisula, 527 

Spitsbergen, 437, 442, 469. 489, 
m 5 JO, 547, 5^8, 549, 584, 
59 1) .595 
Spleen, 65 

Sponge, reproduction of. 270, 270 
Sponges, 1 52-1 53, 153, 270, 447 
Spongilla, 270 

Spontaneous generation, 5, 267, 268 
Spores, 271 ; (‘vohition of, in plants, 
428-^34; ol’ bacteria, 181 ; 
of ferns and mosses. 162, 163, 
164 ; of fungi, 180 
Sporogonium, 164 
.Sporozoa, 172, 626, 402 
Spring-tails, 584 
Spurge, 541' 

Squat-lobster, gamete of, 273 



4 

J Squid, 409, 421, 59G, (>95, 518, 621, 

S64 

i^uUla, 527 

SqutoJ, no, 229, 505, 596, 753, 

Stag, 381 

Stamen, 159, 433, 158^ 

Starfish, 134, 145, 417, 667, 136, 
136, 145, 420, 524, 565 ; 

behaviour of, 676 
Starling, 237, 609, 748, 752 
Stefahsson, V^ilhjalniur, 549. 
StegocephaliaiLs, 441, 446, 442, 449 
Stegosaurus, 481, 449, 460 
Stciiiach, Eugon, 89, 102, 334, 335, 
. 34 r> 

Steno, Nicholas ( 1838 - iGBG), 13 
Stcnsio, Dr., 424 
Steiitor, 665, 666, ()67, 669, 665 
Sterilization against bacteria, 181', 
G32, (>35 

— ol the unfit, 873 
Sternum, 106 

Stick-insect, 693, 784, 565 
Stickleback, 53(1, 736 
Stigma, i5<) 

Stigmati/aiion, 804 803 
Still-births, 339 

Stomach, human, 32, 26, 27 • ol 
call, 476 

Stornala ol jilant, 155 
Stomoloplms, 515 
StuiK' cur l(‘\v, 7^2 
Straits ol Gibraltar, 488, 31,^ 
Strangew.ays, Dr , 30 
Strata, building ol giological, 
194-199 ; ibrmalKJii ol, k^.j. 
AVf’ I'ossils d/e/ K(u ks 
Stiatlon, Eiol(ss(ji, yr^i 
Strawb(“iTv'. 271 
Streploc ot ( us pyogeiu^, tej | 
Stioiigylns. 140 

Strut tural plans as evideiue loi 
e\olutiotj, 2i() 220 
Sirutluonumiis, 138, 458 
Sturgeiai. -,3(,. 

Stylonydna, 2<.8, 269 . 402 
S^ublimation m psy(holog>, 810 
Suc( mca ]Hiins, 57;> 

Sucker-hsli, 530 ' 

5 ugar, 304, 635 
Sugar-cane \v a vil, Gn 
Sugar-mai)Ie, -j8() 

Sumatra, 3^7 
Sun animaii uh s, 402 
Sun-fi.sh, 514 
Sunflower, 387 , 

Sunlight, and pi ants, I rjfJ ; as a 
tonic, (>31 , fresh air and, 

641) 05a. Xr Gltra-violcl light 
^i»rgH‘r>, antiseptie and asepue, 

yfl, 033 

i>urvival of tin; p.-r,oi,ality aft,-r 
< icath, H52 05-3, B77 
Swallow, 752 
Swallowing, 31 
Swaliow-tail bullerll)^ 576 
Swarnp-rypresses m Florida, 436 
^vveat, G2 
Sweden, 25G 

Sweets contaminated with arsenii , 
G40 

Swimming bladder of fish. Srg 
Gas-bladder 
Sycamore, 387, 390 
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Syllis ramasa, 145, 146 
Symbiosis, 177, 533 -5G2 
Sympathetic nerves. Xcf Nervous 
system 

Symphytum, 230 
Syncoryne, 280 " 

Syndyoccras, 471 
Syru^ontis, 370 
Syphilis, 182, G23, 631, 633 
Syria, 241, 493 
Syrian desert, 340 

T 

'I'ABLli-TAPPING, 842 
d abus, 86o-8(i4, 8GG, 8G7, 868 
,j,l adpoles, u 13, 534 ; transforma- 
tion of, 321 323,323 
Tamia, 142 

faiga, 390 

fail, 28; chai aeteiistic of verte- 
brates, 409 ; in birds, 212 ; 
111 human embryo, 28, 94, 254, 
94 ; prehensile, 346 
I’amandua, 238 
'I’angaiiyika, Fake. 539 
'Caprwonii, 138, 14a. 335, 56a, 59(i, 
564 

Tapir, no, 23O, 243, 371 , 243 , 471 
tarpon, 564 

■J'arsius, 482 ; brain of, 767 
'laitary. 177 
'J’asmania, 236 
Tasmanian d('\il, 23(1, 235 
laste, 73 , in lislies, 727 
rauiigs skull, 483 
'raunus, 397 

Tea, us( and abuse of. 644 

deaba ,151 

l<etli, .m hoiscs, 20J 20(), 264 ; 
ol sabr<‘-iooihed tigei, 384 ; of 
I rac hfulon, 4()o , vitamin D 
and die, (>38 
lelangium, j3<) 

Teleg(,in, 310 
Telekinesis, 843 
Telepatbv, 8|o 842 
'i'el( pjasm, 843 831 
Femora, 595 

1 c inpeiaiiM nt. m dogs, 785; in 
ni.m, 821 826 

FeinjicraUire, and lifr, 7, 333 ; of 
deseigs, 341 , of iIm body, 22, 
60, 61, 048, Gp; , ol ihf sea, 
400. 3i<) , sens( (if 73 74 
Tendons, 33 
IV'lliec , 471 
I’enbratul.i, 143 
dCredo, 32<) 

Tiaijiites, 338, 383, 707 709, 709 
Teriapin. 113 

lerntonal msinut m birds, 603 
d’ertiary period, 197, 476 
restc's, 91, 102, 91 I • 

7 'c’.stis-grafis, 333 
Tetanus, 623, 631 
Tetrabelodon, 471 
d'exan ant, 700 
I'exas, 331, 730 
'Fhalamus, 726, 729, 765 
Thalassiosira, 595 
Fhames, 488 
Thayer, 371 
Theriodonts, 448 
Thcrornorphs, 213, 213 , 449 
dTiirlmere. 351 


Thistle, &10 ; 

I'horax, s^y ■ 

Fhomson, Sir Basil, 870 
— Prof. J. Arthur, $ 

I’horium, 255, 256 
Ihorn-scTub, African, 39^ 

Thrush, 732 3 

Ihylacolco, 241 ^ 
lliymallus vulgaris, 536 
d’hyrnus, 102 

Ihyroid extract, effei t of, 322. 

Scf Thyroxin 

gland, 90, 97, 100, J02, 

108, 67 ; and growth,? 322 
Thyroxin, 100, 102, 8.(3 
'I’ibet, 540 
'f'lbetaii sh(“('p, 344 
Tick- bird, 397, 697 
I'jger, .sabre-toothed, 384 ; species 

'Fillandsia, 346 
Till yard, Dr. R. J., 818 
Fiine. SW Geological time 
- idea of, in animals. G87, 688 
Tis.sandiiT, Gaston, 7 
Tissue culture, ut) 

'Fituiiotheres, 21 i, l7Lb 471 
1 itanotherium, 381, 471 
I'll, longtailed, 601 
d'oad, common, 113. 115 : evo 

Iiition of, 449 ; poison oi, t»7i 
'J’oadstools, 174, 173 
'I'obaKo, 331, 463 ,' use and abuse 

of, 642, 643, G44, 643, 63 p 639 
J omopleiis, 595 
'I’oolh. Sf’d 'I'eetli 
'Forpedo, 424, 672 
'I’orres Straits, 330 
'Foitoise, 113, 437, 449 , gamete 
_ 01,273 
d'oui h, sense of, 72 
’fo.xeuma, 518 
'Foxodon, 475, 237 ' 

'Fozzia, 338 
TracluM, 40. 

'Frache.r, 126, 4(13-466 
Trarhodon, 201, .-jt/o, 449, 458 
I'raditionalism, j/assing o(, 870- 871 
Transformism, 261, 2(j2 
Ttev, method of gialting a, 276, 276 
Tree ant-eater, 238 
’J'ree-ferns, 162 
d ree-frog, 343, 671, 729 730 
Tree-shrew, biain of, 767 
J re(‘-toad, 343 
d'rernbb y, Abb(^, 277 
dVepang, 133 

Tnassic jieiiod, 196, .j.21, 42(1, 442, 
443, 431, 432, 433\ 

458, 460, 4(11, 4(18, 470, 472, 
198 , 420 
Tneeratops, 449 
Trii hina, 333 
Trichinejia, 139 
— spiralis, 139 
Trichomonas, 402 
IViconodonts, 449 
Tridacna, 394, 564 
Trilobites, 413-41 3, 42), 123, 414 , 
420 

Trinidad, 404 
Trmil, 251 
Trij>c de roche, 177 
Trituberc.ulatcs, 449 
Trochophore Taiva, 813 
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ibri!»t, life in, 544 

Tropiwm, 6 ^ 

Trout, *536, 669, 727 ’ 

Trypancwotnes, 556, W 
■TMrtiO'flY, 612, 628, 629 
Tuaterf,^ 4 ^ 

Xuberc^IS^s, ^57-^58 : . bacillus 

6f,668#62r^ 

Tul^-Worm, eye of the, 669, 660 
TuWfex, 535 
TuUp, 379 
Tiil'bot, 226 


Turkes^, 540 

Turtle, *13, 449, 452 ; an abnor- 
ma8y developed, 316 
1 wins, 338 

Tylcnchus scandem, 140 
Typhlomolgc, 551 
Typhoid fever, 218, 631 ; and 
oysters, 640 ; bacillus of, 568, 
622 


Typiius fe /er, 628 
Typotheres, 240, 475, 471 
lyranriosaurus, 459, 467, 449, 564 


U 

UCA PUOILATOR, 329 
Ultramicroscopic organums, 183- 
186 

UUramicros(opi( particles, si/e of, 

396 

Ultra-violet light, 186, G48, G51, 
G52 ; and vitamins, 639 
Umbilical cord, 9G, 96 
Unconscious, the, 795 798 
Unguiculates, 107 
Ungulates, ikj, 107, 471 
Universe, scale ol the, 391-393 
Upper CJainbrian period, 419 

- Carbomlerous period, 437 

- Devonian ])eriod, 43G, .J41, 

- ligypt, 4^13 

- Jurassic period, 455, 452 

- Silurian period, 416 
Uranium, 2‘jfj, 238 
Ureter, 45, 91, 92 
Uririary organs, 45 
Urine, 45 

Use, moulding power of, 320 ; and 
disease, in evolution, 354 ; in 
the develo[)ing embryo, 319 
Ussher, Arehbish(»p, 198 
Uterus, 92, 93, (J4, 97, 92 

V 

X'agcination, (130. G31 
Vagina, 92 
Vagus nerve, the, 722 
\’dliisncria, 338 
X'anaclium, 379 
Vancouver, 490 
Vanuu Lcvii, Gio 
Varanus, 453, 4()8, 564 
Variation, 350, 359 ; accidental 
and inherited, 287 -290 ; in 
plants, 383. Sec Mutation 
- 373 '377 ; in apes, 859 ; 

m man, 8()3-8G4 
Variation, failures of, 377-379 
X’as deferens, 334 

Vegetables, value of green, 639 ; 

containinaticm of, 6^0 
Vegetarianism, 635 
Vegetation, bedts of, 593 
Veins, 36, 37. 38, 39 


yclella, 520 
Vcndace, 375 

Venereal disease, 633, 815, 836 
Ventricles of heart, 37, 38 
Vetkus* Flower-basket, 524 
Venus’ girdle, 152 
Vertebral column, 24 
Vertebrates, 1 05-1 19, 423, 456, 
565 ; behaviour of the lower, 
72U-735 ; characteristics of, 
107 ; classes of, 109 ; con- 
trasted with arthropods, 120 ; 
evolution of, 408, 422-425, 

437-442, 447 - 4 ^U 465 - 4 ^> 7 . 

47Q -475, 481-495, 420, 475, 499 ; 
dying, 456 
Vespa. See Wasps 
Vestiges, 226 222 
Vestigial limbs, 220, 221 

— organs m man, 253, 254 

— — as evidence for evolution, 
220-222 

Vetch, 558 

Viceroy biitterlly, r7<i 
Vienna, G32 
Vilh, 55 

Vinciguerria, 521 

Vinegar bacteria, 183 

Viola tricolor, 378 

Virgin reproduction, 274 

Virus diseases, 185- 18G, 625-620 

Viscera, 92 

Vital energy, source ol, 21-22 
Vitamins, 514, 636- G39 
Viti Levu, Gio 
Vivisection, 14, 775 
Vizcatha, 23(1, 238 
Volcano ol Krakatoa, 581 
Volvox, 404, 67^ 

V'oii Baei, 223, 224 
Von Frisch, 711, 71,}, 715, 71!), 718 
Von Humboldt, Baron ( 1 yUy 1835), 
7<>9 

Voronod, Serge, (10, 102, 3'to, 

Vorticella, 402. 567 

Vulpes, 231 , V. vulf)es, 231 ; V. 

zerda, 231. See Vox 
Vulture, (>69 


W 

Waitomo cavls. New Zealand, 552 
Wales, 491 
Wallaby, 237 

Wallace, Alfred Russel ( 1 023 1913), 
242, 263, 544 
Walnut, 590 
Walrus, III, 548 

Wai, the supersession of, 871-872 
Warble-lly, 556 
Warbleis, tourbhip ol, 737 
Warlare. primitive, 870 871 
Warning coloration, 572 
Wart-hog, 236, 474 
W’asmarin, 707 

Wasps, 575, G95-G97 ; solitary, 

1 * 9 . 5- ^97 

Water, as habitat, 502 ; contam- 
ination of, G.J^8 ; importance of, 
to organisms, 47 ; life in fresh, 
531, 553 ; life in salt, 508- 512 ; 
supply, and disease, 554, G23 
Water- beetle, 534 ; larva of, 532, 
534 

Watcr-dea, 351, 408, 666 
Water-lily, 5 M 


Watcr-mcasurcr, 534 
Water-plantain, 587 
Water-plants, early, 403 
Watcr-scorpion, 6M 
Water-snail, 146 
Water-spider, 634 
Water-weed, Canadian, 364 
Watson, Dr. J. B., 787, 788, 

790 

Weasel, in, 471 
Weather and bacteria, G25 
Weights of living things, 562 - 5! 
Weismann, August (1834-19 
2G4, 280, 355 
West Indies, 152 
Whale, 7, III, 1 1 2, 474, 514, 

549 ; Greenland Right, 2 
sulphur-bottom, 564 ; wh 
bone, 504, 471 
Whalebone, 112, 504 
Whale-shark, 664 
Wheat, 303, 304, 614, 615 
Whecl-amnidlcules, 1 12, 567 
Whelk, 131, 132 
Whirligig beetles, 534 
White Admiral biitterlly, 573 
White ants, 707-709, 709 
— mclilot, 587 

Wholemeal bread, value ol, G3O 
Whooping eoiigli, 63 1 
Wight, Isle of, 469 
Wilharnsoiiia, 462 
Willow, 586, 5()i 
Windpipe, 40 
Winkle, 131 

Winton, I’rol, V\. M., 25G 
Wohlei, 1 ) 

Wolf, 548, 471 ; European, 2; 
232 ; maned, 231, 234 , m. 
supial, 237 ; range ol the, 2; 
232 ; timber, 232 
Womliaf, 237, 235 
Wood-ants, 701 
Woodiock, 570 
Woodlouse, 413, 542 
Woodpecker, 378 , North Aine 
can, 233 . 

\Vord-l)lm(ln('ss, 7G9 
Word-clt'afness, 7G9 
W'orrns, 137, 138, 131), 140, 14 
142 ; evolution ol, piG . ey 
ol, 667 ; Hat, 140 ; mtelhgen 
in, 877 ; marine, 138, 145 
n<*mertine, 142 ; parasitic, 13fi 
round, 138 ; segmented, 406 
Wren, common, 571, 737 
Wrens, geographical variation ii 
378 

Wyoming, Bad Lands of, 202 
W^yville-l'liornson ridge, 488, 48 

y 

Yeast, 174, 176 
Yellow fever, 612, 629 
“ Yeoman ” wheat, 30.4 
Ypsipetes trifasciata, 361 
Yucca, 4G4, 692 

Z 

Zebra, no, 203, 236, 377, 235 

Zeuglodcmt, 474, 471 

Zoaea larva, 513 

Zones of the sea, 509 

Zoophyta, 149 

Zostera, 538 

Zygote, 273 
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